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PEEFACE  TO  THE  SECOND  EDITION. 


In  the  endeavour  to  keep  this  Text-book  abreast  of  the  onward  progress 
of  Geology  in  all  departments  of  the  science,  I  have  subjected  the 
present  edition  to  a  thorough  revision.  By  abridgment,  where  this 
was  possible,  space  has  been  found  for  important  additions,  while 
by  the  adoption  of  a  diflferent  type  from  that  used  in  the  first  edition, 
the  amount  of  information  given  has  been  largely  increased  without 
any  serious  augmentation  of  the  bulk  of  the  volume.  I  have  been 
particularly  careful  to  add  greatly  to  the  number  of  references  to  special 
sources  of  information,  which  are  of  so  much  service  to  the  student  who 
seeks  to  carry  his  studies  beyond  the  limits  of  a  mere  text-book. 

In  the  revision,  I  have  derived  assistance  from  several  friends,  to 
whom  I  desire  to  record  my  obligations,  especially  to  Professor  Bonney, 
Professor  T.  Rupert  Jones,  and  Mr.  W.  Topley. 

28,  Jeumtx  Street, 
\Cjth  MareJi,  1885. 
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FROM  THE  PREFACE  TO  THE  FIRST  EDITION. 


The  method  of  treatment  adopted  in  this  Text-book  is  one  which,  while 
conducting  the  class  of  Geology  in  the  University  of  Edinburgh,  I  have 
found  to  afford  the  student  a  good  grasp  of  the  general  principles  of  the 
science,  and  at  the  same  time  a  familiarity  with  and  interest  in  details 
of  which  he  is  enabled  to  see  the  bearing  in  the  general  system  of 
knowledge.  A  portion  of  the  volume  appeared  in  the  autumn  of  1879 
as  the  article  "  Geology "  in  the  Encyclopsedia  Britannica.  My  leisure 
since  that  date  has  been  chiefly  devoted  to  expanding  those  sections  of 
the  treatise  which  could  not  be  adequately  developed  in  the  pages  of  a 
general  work  of  reference. 

While  the  book  will  not,  I  hope,  repel  the  general  reader  who  cares 
to  know  somewhat  in  detail  the  facts  and  principles  of  one  of  the  most 
fascinating  branches  of  natural  history,  it  is  intended  primarily  for 
students,  and  is  therefore  adapted  specially  for  their  use.  The  digest 
given  of  each  subject  will  be  found  to  be  accompanied  by  references  to 
memoirs  where  a  fuller  statement  may  be  sought.  It  has  long  been  a 
charge  against  the  geologists  of  Great  Britain  that,  like  their  country- 
men in  general,  they  are  apt  to  be  somewhat  insular  in  their  concep- 
tions, even  in  regard  to  their  own  branch  of  science.  Of  course,  specialists 
who  have  devoted  themselves  to  the  investigation  of  certain  geological 
formations  or  of  a  certain  group  of  fossil  animals,  have  made  themselves 
familiar  with  what  has  been  written  upon  their  subject  in  other 
countries.  But  I  am  afraid  there  is  still  not  a  little  truth  in  the  charge, 
that  the  general  Ixxly  of  geologists  here  is  but  vaguely  acquainted  with 
;:;oological  types  and  illustrations  other  than  such  as  have  been  drawn 
from  tlie  area  of  the  British  Isles.  More  particularly  is  the  accusation 
true  in  regard  to  American  geology.  Comparatively  few  of  us  have  any 
ade(iiiate  conception  of  the  simplicity  and  grandeur  of  the  examples  bj* 
which  the  principles  of  the  science  liave  been  enforced  on  the  other  side 
.»f  tlio  Atlantic. 

Fully  sensible  of  this  natural  tendency,  I  have  tried  to  keep  it  in 
crmstant  view  as  a  danger  to  be  avoided  as  far  as  the  conditions  of  my 
task  would  allow.  In  a  text-book  designed  for  use  in  Britain,  the 
Illustrations  must  obviously  Ije  in  the  first  place  British.  A  truth  can 
Ik?  enforced  much  more  vividly  by  an  example  culled  from  familiar 
irround  than  bv  one  taken  from  a  distance.  But  I  have  striven  to  widen 
the  vision  of  the  student  by  indicating  to  him  that  while  the  general 
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prhiciples  of  the  science  remain  uniform,  they  receive  sometimes  a  clearer, 
sometimes  a  somewhat  different,  light  from  the  rocks  of  other  countries 
than  our  own.  If  from  these  references  he  is  induced  to  turn  to  the 
labours  of  our  fellow- workers  on  the  Continent,  and  to  share  my  respect 
and  admiration  for  them,  a  large  part  of  my  design  will  have  been 
accomplished.  If,  further,  he  is  led  to  study  with  interest  the  work  of 
oiir  brethren  across  the  Atlantic,  and  to  join  in  my  hearty  regard  for  it 
and  for  them,  another  important  section  of  my  task  will  have  been 
fulfilled.  And  if  in  perusing  these  pages  he  should  find  in  them  any 
stimulus  to  explore  nature  for  himself,  to  wander  with  the  enthusiasm 
of  a  true  geologist  over  the  length  and  breadth  of  his  own  country,  and, 
where  opportunity  offers,  to  extend  his  experience  and  widen  his 
sympathies  by  exploring  the  rocks  of  other  lands,  the  remaining  and 
chief  part  of  my  aim  would  be  attained. 

The  illustrations  of  Fossils  in  Book  VI.  have  boon  chiefly  drawn  by 
Mr.  George  Sharman ;  a  few  by  Mr.  B.  N.  Peach,  and  one  or  two  by  Dr. 
B.  H.  Traquair,  F.E.S.,  to  all  of  whom  my  best  thanks  are  due.  The 
publishers  having  become  possessed  of  the  wood-blocks  of  Sir  Henry  De 
la  Beche's  *  Geological  Observer,'  I  gladly  made  use  of  them  as  far  as 
they  could  be  employed  in  Books  III.  and  IV.  Sir  Henry's  sketches 
were  always  both  clear  and  artistic,  and  I  hope  that  students  will  not  be 
sorry  to  see  some  of  them  revived.  They  are  indicted  by  the  letter  (B), 
The  engravings  of  the  microscopic  structure  of  rocks  are  from  my  own 
drawings,  and  I  have  also  availed  myself  of  materials  from  my  sketch- 
books. The  frontispiece  is  a  reduction  of  a  drawing  by  Mr.  W.  11. 
Holmes,  whose  pictures  of  the  scenery  in  the  Far  West  of  the  United 
States  are  by  far  the  most  lemarkable  exami^les  yet  attained  of  the 
union  of  artistic  effectiveness  with  almost  diagrammatic  geological 
distinctness  and  accuracy.  Captain  Button,  of  the  Geological  Survey  of 
the  United  States,  furnished  me  with  this  drawing,  and  also  requested 
Mr.  Holmes  to  make  for  me  the  canon-sections  given  in  Book  VII.  To 
both  of  these  kind  friends  I  desire  to  acknowledge  my  indebtedness. 
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GEOLOGY. 


INTRODUCTION. 

GvjoiJOGY  itt  tho  scionce  whioh  inveBtigates  the  hiBtory  of  tho  Earth.  Its 
o])ject  iti  to  traco  tho  progress  of  our  planet  from  the  earliest  beginnings 
of  its  separate  existence,  through  its  various  stages  of  growth,  down  to 
tho  present  condition  of  things.  It  unravels  the  complicated  processes, 
involving  vast  geographical  revolutions,  by  which  each  continent  and 
country  has  been  built  up,  tracing  out  the  origin  of  their  materials  and 
the  manner  in  which  their  existing  outlines  have  been  determined.  It 
likewise  follows  into  detail  the  varied  sculpture  of  mountain  and  valley, 
crag  and  ravine. 

Nor  does  this  science  confine  itself  merely  to  changes  in  the  inorganic 
world.  Geology  shows  that  the  present  races  of  plants  and  animals  are  the 
descendants  of  other  and  very  different  races  that  once  peopled  tho  earth. 
It  teaches  that  there  has  been  a  i>rogre88  of  the  inhabitants,  as  well  as 
one  of  tho  globe  on  which  they  have  dwelt ;  that  each  successive  period 
in  tho  earth's  history,  since  the  introduction  of  living  things,  has  l>een 
marked  by  characteristic  types  of  the  animal  and  vegetable  kingdoms ; 
and  that,  how  imperfectly  soever  they  may  have  been  preserved  or  may 
1x3  deciphered,  materials  exist  for  a  history  of  life  upon  tho  planet.  The 
geographical  distribution  of  existing  faunas  and  floras  is  often  made 
clear  and  intelligible  by  geological  evidence;  and  in  a  similar  way, 
liglit  is  thrown  upon  some  of  the  remoter  phases  in  tho  history  of  man 
himself. 

A  subject  so  comprehensive  as  this  must  require  a  wide  and  vaiied 
basis  of  evidence.  One  of  the  characteristics  of  geology  is  to  gather 
evidence  from  sources  which,  at  first  sight,  seem  far  removed  from  its 
scope,  and  to  seek  aid  from  almost  every  other  leading  branch  of  science. 
Thus,  in  dealing  vnth  the  earliest  conditions  of  the  planet,  the  geologiKt 
must  fully  avail  himself  of  the  lalwurs  of  the  astronomer.  Whatever  is 
ascertainable  by  telescope,  Bi)ectrosoope,  or  chemical  analysis,  regarding 
the  constitution  of  other  heavenly  bodies,  has  a  geological  Iwariug. 
The  experiments  of  the  physicist,  undertaken  to  determine  conditions  of 
matter  and  of  energy,  may  sometimes  be  taken  as  the  starting-point 
of  geological  investigation.  The  work  of  tho  chemical  lalM)ratory  fVjnns 
the  foundation  of  a  vast  and  increasing  mass  of  geological  in(|uiry.  To 
tho    botanist,  tho  zoologist,  oven    to    the  unscientific,  if   observvwil. 
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traveller    by   land    or  sea,  the    geologist  turns  for  information   and 
asBistance. 

But  while  thus  culling  freely  from  the  dominions  of  other  sciences, 
geology  claims,  as  its  peculiar  territory,  the  rocky  framework  of  the 
globe.  In  the  materials  composing  that  framework,  their  composition 
and  arrangement,  the  processes  of  their  formation,  the  changes  which 
they  have  individually  undergone,  and  the  grand  terrestrial  revolutions 
to  which  they  bear  witness,  lie  the  main  data  of  geological  history.  Ik 
is  the  task  of  the  geologist  to  group  these  elements  in  such  a  way  that 
they  may  be  made  to  yield  up  their  evidence  as  to  the  march  of  events 
in  the  evolution  of  the  planet.  Ho  finds  that  they  have  in  large 
measure  arranged  themselves  in  chronological  sequence, — the  oldest 
lying  at  the  bottom  and  the  newest  at  the  top.  Kelics  of  an  ancient 
sea-floor  are  overlaid  with  traces  of  a  vanished  land-surface ;  these  are  in 
turn  covered  by  the  deposits  of  a  former  lake,  above  which  once  more 
appear  proofs  of  the  return  of  the  sea.  Among  these  rocky  records,  lie 
the  lavas  and  ashes  of  long-extinct  volcanoes.  The  ripple  left  upon 
a  sandy  beach,  the  cracks  formed  by  the  sun's  heat  upon  the  muddy 
bottom  of  a  driod-up  pool,  the  very  imprint  of  the  drops  of  a  passing 
rain-shower,  have  all  been  accurately  preserved,  and  often  l)ear  witness 
to  geographical  conditions  widely  diflferent  from  those  that  exist  where 
such  markings  are  now  found. 

But  it  is  mainly  by  the  remains  of  plants  and  animals  iml>edded  in 
the  rocks  that  the  geologist  is  guided  in  unravelling  the  chronological 
succession  of  geological  changes.  He  has  found  that  a  certain  order 
of  appearance  characterises  these  organic  remains  ;  that  each  successive 
group  of  rocks  is  marked  by  its  own  special  types  of  life ;  that  these 
types  can  be  recognised,  and  the  rocks  in  which  they  occur  can  be  corre- 
lated, even  in  distant  countries,  where  no  other  means  of  comparison  are 
available.  At  one  moment,  he  has  to  deal  with  the  bones  of  some  large 
mammal  scattered  through  a  deposit  of  superficial  gravel,  at  another 
time,  with  the  minute  foraminifers  and  ostracods  of  an  upraised  sea- 
lx)ttom.  Corals  and  crinoids,  crowded  and  crushed  into  a  massive 
limestone  on  the  spot  where  they  lived  and  died,  ferns  and  terrestrial 
plants  matted  together  into  a  bed  of  coal  where  they  originally  grew, 
the  scattered  shells  of  a  submarine  sand-bank,  the  snails  and  lizards 
that  left  their  mouldering  remains  within  a  hollow  tree,  the  insects 
that  have  been  imprisoned  within  the  exuding  resin  of  old  forests,  the 
footprints  of  birds  and  quadrupeds,  or  the  trails  of  worms  left  upon 
former  shoi-os — these,  and  innumerable  other  pieces  of  evidence,  enable 
the  geologist  to  realise  in  some  measure  what  the  vegetable  and  animal 
life  of  successive  periods  has  been,  and  what  geographical  changes  the 
site  of  every  land  has  undergone. 

It  is  bvident  that  to  deal  Buccessfully  with  these  varied  materials,  a 
t?i '»«i<^^?qMto.§igjpgri|ifaTice  with  different  branches  of  science  is  desirable. 

kte  the  knowledge  which  the  geologist  has  of 
V  the  more  interesting  and  fruitful  will  bp 
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his  own  reBearohes..  Pi-oin  ite  very  nature,  geology  demands  on  the 
part  of  its  votaries,  wide  sympathy  with  investigation  in  ahnost  every 
branch  of  natural  science.  Especially  necessary  is  a  tolerably  largo 
acquaintance  with  the  processes  now  at  work  in  changing  the  surface  of 
the  earth,  and  of  at  least  those  forms  of  plant  and  animal  life  whose 
remains  are  apt  to  be  preserved  in  geological  deposits,  or  which,  in  their 
structure  and  habitat,  enable  us  to  realise  what  their  forerunners  were. 

It  has  often  been  insisted  upon  that  the  present  is  the  key  to  the 
past ;  and  in  a  wide  sense  this  assertion  is  eminently  true.  Only  in 
proportion  as  we  understand  the  present,  where  everj^thing  is  open 
on  all  sides  to  the  fullest  investigation,  can  we  expect  to  decipher. the 
past,  where  so  much  is  obscure,  im|)erfectly  preserved,  or  not  preserved 
at  alL  A  study  of  the  existing  economy  of  nature  ought  evidently  to 
be  the  foundation  of  the  geologist's  training. 

While,  however,  the  present  condition  of  things  is  thus  employed, 
we  must  obviously  be  on  our  guanl  against  the  danger  of  unconsciously 
assuming  that  the  phase  of  nature's  operations  which  we  now  witness 
has  been  the  same  in  all  past  time ;  that  geological  changes  have  taken 
place,  in  former  ages,  in  the  manner  and  on  the  scale  which  wo  behold 
to-day,  and  that  at  the  present  time  all  the  great  geological  processen, 
which  have  produced  changes  in  past  eras  of  the  earth's  history,  are 
still  existent  and  active.  Of  course,  we  may  assume  this  uniformity  of 
action,  and  use  the  assumption  as  a  working  hypothesis.  But  it  ought 
not  to  be  allowed  a  firmer  footing,  nor  on  any  account  1)0  suifered  to 
blind  us  to  the  obvious  truth  that  the  few  centuries,  wherein  man  has 
been  deserving  nature,  form  much  too  brief  an  interval,  l)y  which  to 
measure  the  intensity  of  geological  action  in  all  past  time.  For  aught 
we  can  toll,  the  present  is  an  era  of  quietude  and  slow  change,  compared 
witli  some  of  the  eras  that  have  preceded  it.  Nor  can  we  bo  sure  that 
when  we  have  explored  every  geological  process  now  in  progress,  we 
have  exhausted  all  the  causes  of  change  wliich,  even  in  comparatively 
recent  times,  have  ]>een  at  work. 

In  dealing  with  the  Geological  Record,  as  the  accessible  solid  part  of 
the  globe  is  called,  wo  cannot  too  vividly  realise  that,  at  the  iKist,  it 
forms  but  an  imperfect  chronicle.  Geological  history  cannot  Iw  com- 
piled from  a  full  and  continuous  series  of  documents.  Owing  to  the 
very  nature  of  its  origin,  the  reconl  is  necessarily  from  the  first  frag- 
mentary, and  it  has  been  further  mutilated  and  obscured  by  the 
revolutions  of  successive  ages.  Even  where  the  chronicle  of  evontH  is 
continuous,  it  is  of  very  unequal  value  in  different  places.  In  one 
case,  for  example,  it  may  present  us  with  an  unbroken  succession  of 
deposits,  many  thousands  of  feet  in  thickness,  from  wliich,  however, 
only  a  few  meagre  facts  as  to  geological  history  can  be  gleaned.  In 
another  instance,  it  brings  before  us,  within  the  compass  of  a  few  yards, 
the  evidence  of  a  most  varied  and  complicated  series  of  changes  in 
physical  geography,  as  well  as  an  abundant  and  interesting  suite  of 
.organic  remains.     These  and  other  characteristics  of   the  geological 
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record  will  become  more  apparent  and  intelligible  to  the  Btudent  as  ho 
proceeds  in  the  study  of  the  science. 

In  the  present  volume  the  subject  will  be  distributed  under  the 
following  leading  divisions. 

1.  The  Cosmical  Aspects  of  Geology, — It  is  desirable  to  realise  some 
of  the  more  important  relations  of  the  earth  to  the  other  members  of 
the  solar  system,  of  which  it  forms  a  part,  seeing  that  geological  pheno- 
mena are  largely  the  result  of  these  relations.  The  form  and  motions  of 
the  planet  may  be  briefly  touched  upon,  and  attention  should  be 
directed  to  the  way  in  which  these  planetary  movements  influence 
geological  change.  The  light  cast  upon  the  early  history  of  the  earth 
by  researches  into  the  composition  of  the  sun  and  stars  deserves  notice 
here. 

2.  Geognosy — An  Inquiry  into  the  Materials  of  the  EartKs  Svhstance, — 
This  division  describes  the  constituent  parts  of  the  earth,  its  envelopes 
of  air  and  water,  its  solid  crust,  and  the  probable  condition  of  its  interior. 
Especially,  it  directs  attention  to  the  more  important  minerals  of  the 
crust,  and  the  chief  rocks  of  which  that  crust  is  built  up.  In  this  way, 
it  lays  a  foundation  of  knowledge  regarding  the  nature  of  the  matoriais 
constituting  the  mass  of  the  globe,  whence  we  may  next  proceed  to 
investigate  the  processes  by  which  these  materials  are  produced  and 
altered. 

8.  Dynamical  Geology  embraces  an  investigation  of  the  operations 
which  lead  to  the  formation,  alteration,  and  disturbance  of  rocks,  and 
calls  in  the  aid  of  physical  and  chemical  experiment  in  elucidation  of 
these  operations.  It  considers  the  nature  and  operation  of  the  processes 
that  have  determined  the  distribution  of  sea  and  land,  and  have  moulded 
the  forms  of  the  terrestrial  ridges  and  depressions.  It  further  investi- 
gates the  geological  changes  which  are  in  progress  over  the  surface  of 
the  land  and  floor  of  the  sea,  whether  these  are  due  to  subterranean 
disturbance,  or  to  the  effect  of  operations  above  ground.  Such  an 
in([uiry  necessitates  a  careful  study  of  the  existing  economy  of  nature, 
and  forms  a  fitting  introduction  to  the  investigation  of  the  geological 
changes  of  former  periods.  This  and  the  previous  section,  including 
must  of  what  is  embraced  under  Physical  Geography  and  Petrogeny  or 
Geogeny,  will  here  bo  discussed  more  in  detail  than  is  usual  in  geologi- 
cal treatises. 

4.  Geotectonic,  or  Structural  Geology — the  Architecture  of  the  Earth. — This 
hection  of  the  investigation,  applying  the  results  arrived  at  in  the 
previous  division,  discusses  the  actual  arrangement  of  the  various 
materials  composing  the  crust  of  tlie  earth.  It  proves  that  some  have 
l)eeu  formed  in  beds  or  strata,  whetlier  by  the  deposit  of  sediment  on 
the  floor  of  the  sea,  or  by  the  slow  aggregation  of  organic  forms,  that 
others  have  been  poured  out  from  subterranean  sources  in  sheets  of 
molten  i-ock,  or  in  showers  of  loose  dust,  which  have  been  built  up  into 
mountains  and  plateaux.  It  further  showD  that  rocks  originally  laid 
down   in   almost  horizontal  beds  have  subsequently  been   crumpled. 
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contorted;  dislocated,  invaded  by  igneous  masses  from  below,  and  ren- 
dered sometimes  intensely  crystalline.  It  teaches,  too,  that  wherever 
exposed  above  sea-level,  they  have  been  incessantly  worn  down,  and  have 
often  been  depressed,  so  that  older  lie  buried  beneath  later  accumu- 
lations. 

5.  Palseontologtcal  Geology, — This  branch  of  the  subject  deals  with  the 
organic  forms  which  are  found  preserved  in  the  rocks  of  the  ci-ust  of  the 
earth.  It  includes  such  questions  as  the  manner  in  which  the  remains 
of  plants  and  animals  are  entombed  in  sedimentary  accumulations,  the 
relations  between  extinct  and  living  types,  the  laws  which  appear  to 
have  governed  the  distribution  of  life  in  time  and  in  space,  the  nature  and 
use  of  the  evidence  from  organic  remains  regarding  former  conditions 
of  physical  geography,  and  the  relative  importance  of  different  genera  of 
animals  and  plants  in  geological  inquir}\ 

6.  Stratigraphical  Geology. — This -section  might  be  called  Geological 
Ilistory,  or  Historical  Geology.  It  works  out  the  chronological  succession 
of  the  great  formations  of  the  earth's  crust,  and  endeavours  to  trace  the 
sequence  of  events  of  which  they  contain  the  record.  More  particularly, 
it  determines  the  order  of  succession  of  the  various  plants  and  animals 
which  in  past  time  have  peopled  the  earth,  and  thus,  by  ascertaining  what 
has  been  the  grand  march  of  life  upon  the  planet,  seeks  to  unravel  the 
story  of  the  earth  as  made  known  by  the  rocks  of  the  crnst. 

7.  Physiographtcal  Geology,  starting  from  the  basis  of  fact  laid  down 
by  stratigraphical  geology  regarding  former  geographical  changes, 
oiiibraces  an  inquiry  into  the  history  of  the  present  features  of  the  earth's 
surface — continental  ridges  and  ocean  basins,  plains,  valleys,  and  moun- 
tains. It  investigates  the  structure  of  mountains  and  valleys,  compares 
tlie  mountains  of  different  countries,  and  ascertains  the  relative  geological 
dates  of  their  upheaval.  It  explains  the  causes  on  which  local  differences 
of  scenery  depend,  and  shows  under  what  very  different  circumstances, 
and  at  what  widely  separated  intervals,  the  varied  contours,  even  of  a 
single  country,  have  l)een  produced. 
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COSMICAL  ASPECTS  OF  GEOLOGY. 

Bkfouk  goulogy  had  attained  to  the  position  of  an  inductive  science, 
it  was  customary  to  begin  all  investigations  into  the  history  of  the  earth 
hy  propounding  or  adopting  some  more  or  less  fanciful  hypothesis,  in 
explanation  of  the  origin  of  our  planet  or  of  the  universe.  Such  pre- 
liminary notions  were  looked  npon  as  essential  to  a  right  understanding 
of  the  manner  in  which  the  materials  of  the  glohe  had  been  put  together. 
To  the  illustrious  James  KntUm  (1785)  geoh)gi8ts  are  indebted,  if 
not  for  originating,  at  least  for  strenuously  upholding  the  doctrine  that 
it  is  no  part  of  the  province  of  geology  to  discuss  the  origin  of  things. 
lie  taught  them  that  in  the  materials  from  which  geological  evidence  is 
to  be  compiled  there  can  be  found  "  no  traces  of  a  beginning,  no  prospect 
of  an  end."  In  England,  mainly  to  the  influence  of  the  school  which  he 
founded,  and  to  the  subsequent  rise  of  the  Geological  Society  (1807), 
which  resolved  to  collect  facts  instead  of  fighting  over  hypotheses,  is  due 
the  disappearance  of  the  crude  and  unscientific  cosmologies  of  previous 
centuries. 

But  there  can  now  be  little  doubt  that  in  the  reaction  against  the 
visionary  and  often  grotesque  speculations  of  earlier  writers,  geologists 
were  carried  too  far  in  an  opposite  direction.  In  allowing  themselves  to 
believe  that  geology  had  notliing  to  do  with  questions  of  cosmogony, 
tliey  gradually  grew  up  in  the  conviction  that  such  questions  could  never 
be  otlier  than  mere  speculation,  interesting  or  amusing  as  a  theme  for 
tlie  employment  of  the  fancy,  but  hardly  coming  within  the  domain  of 
sober  and  inductive  science.  Nor  would  thev  soon  have  been  awakened 
out  of  this  belief  by  anything  in  their  own  science.  It  is  still  true  that  in 
the  data  with  which  they  are  accustomed  to  deal,  as  comprising  the  sum 
of  geological  evidence,  there  can  l)e  found  no  trace  of  a  beginning,  though 
there  is  ample  proof  of  constant,  upward  progression  from  some  invisible 
starting-point.  The  oldest  rocks  which  have  been  discovered  on  any 
part  of  the  globe  have  probably  been  derived  from  other  rocks  older  than 
themselves.  Geology  by  itself  has  not  yet  revealed,  and  is  little  likely 
ever  to  reveal,  a  portion  of  the  first  solid  crust  of  our  glolje.  If,  then, 
gec^logical  history  is  to  be  compiled  from  direct  evidence  furnished  by 
the  rocks  of  the  earth,  it  cannot  l>egiu  at  the  })eginning  of  things,  but 
must  be  content  to  date  its  first  chapter  from  the  earliest  period  of  which 
any  record  has  been  preserved  among  tlie  rocks. 

Nevertheless,  though,  in  its  usual  restricted  sense,  geology  has  been, 
and  must  ever  be,  unable  to  reveal  the  earliest  history  of  our  jdanet,  it 
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no  longers  ignores,  as  mere  speculation,  what  is  attempted  in  this  subject 
by  its  sister  sciences.  Astronomy,  physics  and  chemistry  have  in  late 
yeai-s  all  contributed  to  cast  much  light  on  the  earliest  stages  of  the 
earth's  existence,  previous  to  the  beginning  of  what  is  commonly  regarded 
as  geological  history.  Whatever  extends  our  knowledge  of  the  former 
conditions  of  our  globe  may  be  legitimately  claimed  as  part  of  the  domain 
of  geological  inquiry.  If  Geology,  therefore,  is  to  continue  worthy  of  its 
name  as  the  science  of  the  earth,  it  must  take  cognisance  of  these  recent 
contributions  from  other  sciences.  It  can  no  longer  be  content  to  begin 
its  annals  with  the  records  of  the  oldest  rocks,  but  must  endeavour  to 
gro[>o  its  way  through  the  ages  which  preceded  the  formation  of  any 
rouks.  Thanks  to  the  results  achieved  with  the  telescope,  the  spectro- 
scope, and  the  chemical  laboratory,  the  story  of  these  earliest  ages  of  our 
earth  is  every  year  becoming  more  definite  and  intelligible. 

I.    ItELATlOKS  01'  TilK   EaUTII   IN    THE   SoLAU   SYSTEM. 

As  a  prelude  to  the  study  of  the  structure  and  history  of  the  earth, 
some  of  the  general  relations  of  our  planet  to  the  solar  system  may  here 
1k)  noticed.  The  investigations  of  recent  years,  showing  the  community 
of  substance  between  the  different  members  of  that  system,  have  revived 
and  have  given  a  new  form  and  meaning  to  the  well-known  nebular  hypo- 
tlicji^is  of  Kant,  Laplace  and  W.  Herschel,  which  sketched  the  progress  of 
the  system  from  the  state  of  an  original  nebula  to  its  existing  condition 
of  a  central  incandescent  sun  with  surrounding  cool  planetary  bodies. 
According  to  this  hyix)thesis,  the  nebula,  originally  diffused  at  least 
as  far  as  the  furthest  member  of  the  system,  began  to  condense  towards 
the  centre,  and  in  so  doing  threw  off  or  loft  behind  successive  rings. 
These,  on  disruption  and  further  condensation,  assumed  the  form  of 
planets,  sometimes  with  a  further  formation  of  rings,  which  in  tlie  case 
of  Saturn  remain,  though  in  otlier  planets  they  have  broken  up  and 
united  into  stitellites. 

Accepting  this  view,  we  should  exi)eet  the   matter  composing   the 

various  members  of  the  solar  system  to  be  everywhere  nearly  the  same. 

Tlie  fact  of  condensation  round  centres,  however,  indicates  probable  differ- 

cuc  .s  of  density  tliroughout  the  nebula.       Tliat  the  materials  compiising 

the  nebuhi  may  liavc  arranged  themselves  according  to  their  respective 

<\«i»sities,    tlie   lightest   occupying   the   exterior,  and    the  heaviest  the 

iiitt'iior  of  the  mass,  is  suggested  by  a  comparison  of  the  densities  of  the 

Vivrions  planets.     These  densities  are  usually  estimated  as  in  the  follow- 

iii'j;  table,  that  of  the  earth  being  taken  as  the  unit : — 
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It  10  to  be  olMerved,  however,  that  "  the  densities  here  given  are  mean 
densities,  a88tiniing  that  the  apparent  size  of  the  planet  or  sun  is  tho  true 
hize,  i.e.j  making  no  allowance  for  thousands  of  miles  deep  of  cloudy 
atmosphere.  Hence  tho  numbers  for  Jupiter,  Saturn,  and  Uranus  are 
certainly  too  small,  that  for  the  sun,  much  too  smalL"  ^  Taking  the 
figures  as  they  stand,  while  they  do  not  indicate  a  strict  progression  in 
the  diminution  of  density,  they  state  that  the  planets  near  the  sun 
jKiHsess  a  density  about  twice  as  great  as  that  of  granite,  but  that  those 
U-ing  towards  the  outer  limits  of  the  s\-st«m  are  composed  of  matter  as 
light  as  cork.  Again,  in  some  cases,  a  similar  relation  has  l)een  observed 
lietween  the  densities  of  tho  satellites  and  their  primaries*  The  moon, 
fiir  example,  has  a  density  little  more  than  half  that  of  the  earth.  Tho 
first  satellite  of  Jupiter  is  less  dense,  though  the  other  three  are  found  to 
lie  more  dense  than  tho  planet.  Further,  in  the  condition  of  the  earth 
itsf^lf,  a  very  light  gaseous  atmosphere  forms  the  outer  portion,  l)eneath 
which  lies  a  heavier  layer  of  water,  while  within  these  two  envelopes  the 
materials  forming  the  solid  substance  of  the  planet  are  so  arranged  that 
tlie  outer  layer  or  crust  has  only  about  half  the  density  of  the  whole 
glolie.  Mr.  Lockyer  finds  in  the  sun  also  evidence  of  the  same  tendency 
towanls  a  stratified  arrangement  in  accordance  with  relative  densities,  as 
will  1)0  immediately  fui*ther  alluded  to. 

There  seems,  therefore,  to  be  much  probability  in  the  hypothesis  that, 
in  the  gradual  condensation  of  the  original  nebula,  each  successive  mass 
left  iKshind  represented  the  density  of  its  parent  shell,  and  consisted  of 
jirogi'oasively  heavier  matter.^  The  remoter  planets,  with  their  low 
densities  and  vast  absorbing  atmospheres,  may  l)e  supposed  to  consist  of 
metalloids,  like  the  outer  parts  of  the  sun's  atmosphere,  whDe  the  interior 
planets  are  no  doubt  mainly  metallic.  The  rupture  of  each  planetary 
ring  would,  it  is  conceived,  raise  the  temperature  of  the  resultant 
nebulous  planet  to  such  a  height  as  to  allow  the  va|)our8  to  rearrange 
tliemselves  by  degrees  in  successive  layers,  or  rather  shells,  according  to 
densities.  And  when  the  planet  gave  off  a  satellite,  that  body  might  be 
expected  to  possess  tho  composition  and  density  of  the  outer  layers  of  its 
primaiy.^ 

For  many  years,  the  only  evidence  available  as  to  the  actual  com- 
position of  other  heavenly  bodies  than  our  own  earth  was  furnished  by 
the  aerolites^  meteorites,  or  fallen  stars,  which  from  time  to  time  have 
entered  our  atmosphere  from  planetary  space,  and  have  descended  upon 
the  surface  of  the  globe.*     Sulrjected  to  chemical  analysis,  these  foreign 

'  Profesnor  Tait,  M8.  note. 

■  On  the  origin  of  Sattjllites,  see  the  researches  of  Prof.  G.  H.  Darwin,  Phil,  Tram, 
(18710  olxx.  i>.  535.    Proc.  Hoy.  Soc.  xxx.  p.  1. 

^  l.«M'kvcr  in  Prestwicli's  Jnavgural  Lecture,  Oxford,  1875,  and  in  Manche8t<>r 
lirrturcM,  Why  (h**  KariKs  Clufinistry  in  a»  it  id.  Readers  interested  in  the  historical 
ih'V(;lo{»inent  of  geological  opinion  will  tind  much  suggestive  matter  bearing  on  the 
queHti(in»  diicniwed  alx)vo,  in  Do  la  Keche's  'Kesearches  in  Theoretical  Geology,'  1834, 
—a  work  noialtly  in  culvanco  of  its  time. 

*  On  mtteoriiei  oontnlt  Partsch,  *  Die  Metcoriten,*  Vienna,  1843.  Rose,  Ahhand,  htminl 

Akwk  B«iUn,  lfi88.  Bammelsberg,  *  Die  Chcmiflchc  Natnr  der  Meteoriteu,'  1870.  Tscher- 

.iifflM!'*  ^**«*  Wimen.  Vienna  (1875)  Ixxi.    Daubree'd  'Etudes  Synthc^tiquefl  do 
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bodies  show  considerable  divei*8ities  of  compoBition ;  but  in  no  case  have 
they  yet  revealed  the  existence  of  any  element  not  already  recognised 
among  terrestrial  materials.  Upwards  of  twenty  of  our  elements  have 
been  detected  in  aerolites,  sometimes  in  the  free  state,  sometimes  com- 
bined with  each  other.  More  than  half  of  them  are  metals,  including  iron, 
nickel,  manganese,  calcium,  sodium,  and  potassium.  There  occur  also, 
carbon,  silicon,  phosphorus,  sulphur,  oxygen,  nitrogen,  and  hydrogen. 
In  some  of  their  combinations,  these  elements,  as  found  in  the  meteoric 
stones,  differ  from  their  mode  of  occurrence  in  the  accessible  parts  of  the 
earth.  Iron,  for  example,  occurs  as  native  metal,  alloyed  with  a  variable 
proportion  (6  to  10  per  cent.)  of  metallic  nickel.  But,  in  other  respects, 
they  closely  resemble  some  of  the  familiar  materials  of  the  earth's  rocky 
crust.  Thus  we  have  such  minerals  as  chromic  iron,  pyrite,  apatite, 
olivine,  augite,  enstatite,  hornblende  and  labradoritc.  Some  meteorites, 
have  l)een  found  to  contain  large  quantities  of  occluded  gas,  particularly 
hydrogen  and  carbonic  oxide. ^  No  more  convincing  proof  could  ho 
ilesired  that  some  at  least  of  the  other  members  of  the  solar  system  arc 
ftirmed  of  the  same  materials  as  compose  the  earth. 

But,  in  recent  years,  a  far  more  precise  and  generally  available  method 
of  research  into  the  composition  of  the  heavenly  bodies  has  been  found  in 
the  application  of  the  spectroscope.  By  means  of  this  instrument,  the 
light  emitted  from  self-luminous  bodies  can  be  analysed  in  such  a  way  as 
to  show  what  elements  are  present  in  their  intensely  hot  luminous  vapour. 
When  the  light  of  the  incandescent  vapour  of  a  metal  is  allowed  to 
j>ji88  through  a  properly  arranged  prism,  it  is  seen  to  give  a  spectrum 
eoiiHisting  of  transverse  bright  lines  only.  This  is  termed  a  radinfion- 
»l)4tetrwn.  Each  element  appears  to  have  its  own  characteristic  arrange- 
ment of  lines,  whicli  in  general  retain  the  same  relative  position,  intensity 
and  colours.  Moreover,  gases  and  the  vapours  of  solid  bodies  are  found  to 
intercept  those  rays  of  light  which  they  themselves  emit.  The  spectrum 
c»f  wxlium- vapour,  for  example,  shows  two  bright  orange  lines.  If  there- 
fore white  light,  from  some  hotter  light-source,  passes  through  the  vapour 
of  sodium,  these  two  bright  lines  become  dark  lines,  the  light  being 
exactly  cut  off  which  would  have  been  given  out  by  the  sodium  itself. 
I'his  is  called  an  ahsorption'Spectrmn. 

From  this  method  of  examination,  it  has  been  inferred  that  many  of 
the  elements  of  which  our  earth  is  composed  must  exist  in  the  state  of 
incandescent  vapour  in  the  atmosphere  of  the  sun.  Thirtj'-two  metals 
have  l)een  thus  identified,  including  aluminium,  barium,  manganese,  lead, 
calcium,  cobalt,  potassium,  iron,  zinc,  copper,  nickel,  sodium  and 
magnesium.  These  elements,  or  at  least  su})staiices  which  give  the  same 
groups  of  lines  as  the  terrestrial  elements  with  which  they  have  been 


(;.'-.»lof^ic    Experimentalo/   1879.      W.   Flight,  Geol   Mng.  1875,   Pop.  Scl.    Jiev.  new 
*^'r.  i.  j>.  WM).    J.  Gttllo  and  A.  vun  Liwanlx,  MonntAhericht  hi'mujl.  Akad.  BorHn,  July,  1 879. 
K.  Vo«jjt,  on  Huppospd  ornranisnis  in  Meteorites,  Mem.  Tnxt.  Nat.  Getievd,  xv.  (l88Ji). 
'  S-e  A.  AV.  Wrij,'ht,  Amr.  Jovrn,  ser.  H,  xi.  p.  2'y^:  xii.  p.  IG.'i.     W.  Flifrht,  /Vrx?. 
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identified,  do  not  occur  promiscuously  diffused  throughout  the  outer 
mass  of  the  sun.  According  to  Mr.  Lockyev's  observations,  they  appear  to 
succeed  eacli  other  in  relation  to  their  respective  densities.  Tims  the 
coronal  atmosphere  which,  as  seen  in  total  eclipses,  extends  to  so  prodigious 
a  distance  beyond  the  disc  of  the  Bun,  consists  mainly  of  subincandescent 
hydrogen  and  another  element  which  may  he  new.  Beneath  this  external 
vaporous  enveloi)e  lies  the  chromosphere,  where  the  vapours  of  incan- 
descent hydrogen,  calcium,  and  magnesium  can  be  detected.  Further 
inward  the  spot-zone  shows  the  presence  of  sodium,  titanium,  &c. ;  while 
still  lower,  a  layer  (the  reversing  layer)  of  intensely  hot  vapours,  lying 
pro})al)ly  next  to  the  inner  brilliant  j)hot08phere,  gives  spectroscopic 
evidence  of  the  existence  of  inciindescent  iron,  manganese,  cobalt,  nickel, 
chopper,  and  other  well-known  terrestrial  metals.* 

It  is  to  be  observed,  however,  that  in  these  spectroscopic  researches  the 
decomposition  of  the  elements  by  electrical  action  was  not  considei^ed. 
The  conclusions  embodied  in  the  foregoing  paragraph  have  been  founded 
on  the  idea  that  the  lines  seen  in  the  spectrum  of  any  element  are  all  due 
to  the  vibrations  of  the  molecules  of  that  element.  But  Mr.  Lockyer  has 
suggested  that  this  view  may  after  all  be  but  a  rough  approximation 
to  the  truth,  and  that  it  may  be  more  accurate  to  say,  as  a  result  of  the 
facts  alrea<ly  acquired,  that  there  exist  basic  elements  common  to 
calcium,  iron,  <fec.,  and  to  the  solar  atmosphere.^ 

The  spectroscope  has  likewise  l)een  successfully  applied  by  Mr.Huggins 
and  others  to  the  observation  of  the  fixed  stars  and  nebula*,  with  the 
result  of  establishing  a  similarity  of  elements  between  our  own  system 
and  other  bodies  in  sidereal  space.  In  the  radiation  spectra  of  nebulae, 
Mr.  Huggins  finds  the  hydrogen  lines  very  prominent ;  and  he  conceives 
that  they  may  be  glowing  masses  of  that  element.  Professor  Tait  has 
suggested,  on  the  other  hand,  that  they  are  more  probably  clouds  of 
stones  frequently  colliding  and  thus  giving  off  incandescent  gases.  Sir 
William  Thomson  appears  to  favour  this  view.  Among  the  fixed  stara, 
absori)tion-spectra  have  been  recognised,  pointing  to  a  structure  resem- 
1)1  ing  that  of  our  sun,  viz.,  an  incandescent  nucleus  which  may  be  solid  or 
liquid  or  of  very  highly  compressed  gas,  but  which  gives  a  continuous 
spectrum  and  which  is  surrounded  with  an  atmosphere  of  glowing 
vapour.^ 

'  On  spectroscopic  research  as  upplietl  to  the  sun,  see  Kirchhoff  and  Buusen, 
*  Kesoarches  on  Solar  Si>cctrum,'  &c.,  1863  ;  Angstrom,  *  Rechcrches  sur  le  Spectre 
normal  du  Soleil';  Lockyer,  *  Solar  Physics/  1873,  and  'Studies  in  Spectrum  Analysis  * 
(lutornational  Series),  1878;  Huggins  and  Miller,  Proc,  Roy.  Soc.  xii.  Phil.  Tram.  1864; 
Ilo;3C(>o's  *  Spectrum  Analysis,'  witli  authorities  there  cited.  An  ingenious  theory  to 
account  for  the  conservation  of  solar  energy  was  suggested  by  the  late  Sir  O.  W. 
Siemens  {Proc,  Roy.  Soc.  xxxiii,  (1881)  p.  389),  It  reipiires  the  presence  of  aqueous 
vajwur  and  carbon  compounds  in  stellar  spaco,  which  are  dissociated  and  drawn  into 
the  solar  photosphere,  where  tlicy  buret  into  flame  with  a  large  development  of  heat, 
and  then  passing  into  aqueous  vapour  and  carlnniic  anhydride  or  oxide,  flow  to  the  solar 
equator  whence  they  are  projected  into  space. 

^  See  also  the  opposite  views  of  Dewar  and  Jiivcing,  Proc.  Roy.  Soc.  xxx.  p.  93,  and 
II.  W.  Vogel,  Nalnrey  xxvii.  p.  233. 

*  Huggins,  Proc.  Roy.  Soc.  1863-6G,  and  Brit.  Aswc.  Lecture  (Nottingham,  1866) ; 
Huggins  and  Miller,  Phil.  Trau9.  1864. 
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According  to  Mr.  Lockyer,  those  stars  which  have  the  highest  temperature 
have  the  simplest  spectra,  and  in  proportion  as  they  cool  their  materials 
become  more  and  more  differentiated  into  what  we  call  elements.  He 
remarks  that  the  most  brilliant  or  hottest  stars  show  in  their  spectra  only 
the  lines  of  gases,  as  hydrogen.  Cooler  stars,  like  onr  sun,  give  indications 
of  the  presence,  in  addition,  of  the  metals — ^magnesium,  sodium,  calcium, 
iron.  A  still  lower  temperature  he  regards  as  marked  by  the  appearance 
of  the  other  metals,  metalloids,  and  compounds.^  The  sun  would  thus  bo 
a  star  considerably  advanced  in  the  process  of  differentiation  or  asso- 
ciation of  its  atoms.  It  contains,  so  far  as  we  know,  no  metalloid  except 
carlxin,  and^  possibly  oxygen,  nor  any  compound,  while  stars  like  Sirius 
show  the  presence  only  of  hydrogen,  with  Init  a  feeble  proportion  of 
metallic  vapours ;  and  on  the  other  hand,  the  red  stars  indicate  by  their 
spectra  that  their  metallic  vapours  have  entered  into  combination, 
whence  it  is  inferred  that  their  temperature  is  lower  than  that  of  our  sun. 

11.  Form  and  Size  of  the  Earth. 

Further  confirmation  of  the  foregoing  views  as  to  the  order  of 
planetary  evolution  is  furnished  by  the  form  of  the  earth  and  the 
arrangement  of  its  component  mateiials. 

ITiat  the  earth  is  an  oblate  spheroid,  and  not  a  perfectly  spherical 
glol)e,  was  discovered  and  demonstrated  by  Newton.  He  even  calcu- 
lated the  amount  of  ellipticity  long  before  any  measurement  had 
confirmed  such  a  conclusion.  During  the  present  century'  numerous 
arcs  of  the  meridian  have  been  measured,  chiefly  in  the  northern 
hemisi)here.  From  a  scries  made  by  different  observers  between  the 
latitudes  of  Sweden  and  the  Cape  of  Goo<l  Hope,  Bessel  obtained  the 
following  data  for  the  dimensions  of  the  earth : — 

Ejiuutoriul  diameter      .       .     41,847,192  feet,  or  7925-004  miles. 
Polar  diameter       .       .       .     41,707,314      „      7899-114     „ 
Amount  of  polar  flattening .  139,768      „  20*471     „ 

The  efj[uatorial  circumference  is  thus  a  little  less  than  25,000  miles, 
and  tlie  difference  between  the  polar  and  equatorial  diameters  (nearly 
2o.J  miles)  amounts  to  about  ^jJo^-^^  ^^  ^^^^  equatorial  diameter.^  More 
recently,  however,  it  has  been  shown  that  the  oblate  spheroid  indicated 
by  these  measurementH  is  not  a  symmetrical  body,  the  equatorial  cireum- 
fen.nce  being  an  ellipse  instead  of  a  circle.  I'he  greater  axis  of  tlie 
equator  lies  in  long.  8^  15'  W. — a  meridian  passing  through  Ireland, 
Portugal,  and  the  north-west  corner  of  Africa,  and  cutting  off  the  n(^»rtli- 
east  Corner  of  Asiji  in  the  opj)osite  hemisphere.^ 

The  polar  flattening,  established  by  measurement  and  calculation,  as 
that  which  would  necessarily  have  been  assumed  b}'  an  originally  plastic 
>:lobe  in  obe<lienee  to  the  movement  of  rotation,  has  been  cited  as 
eviilcnee   that  the  earth  was   once  in   a  plastic   condition.     Taken  in 

'   L«jckyer,  Compie«  i'eiulutt^  iJoe.  1873. 

-  Ilemohel,  *  Astronomy,'  [k  139. 

*  A.  R.  Clarke,  riiiL  Miuj.  Auguat  1878;  Eiuyclopxdia  BriUuintcHj  Utli  edit.  x.  172. 
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connection  with  the  analogies  supplied  by  the  sun  and  other  heavenly 
bodies,  this  inference  seems  well  grounded.^ 

Though  the  general  spheroidal  form  of  our  planet,  and  possibly  the 
general  distribution  of  sea  and  land,  are  referable  to  the  early  effects  of 
rotation  on  a  fluid  or  viscous  mass,  it  is  certain  that  the  present  details 
of  its  surface-contours  are  of  comparatively  recent  date.  Speculations 
have  been  made  as  to  what  may  have  been  the  earliest  character  of  the 
solid  surface,  whether  it  was  smooth  or  rough,  and  particularly  whether 
it  was  marked  by  any  indication  of  the  existing  continental  elevations 
and  oceanic  depressions.  So  far  as  we  can  reason  from  geological 
evidence,  there  is  no  proof  of  any  uniform  superficies  having  ever 
existed.  Most  probably  the  first  formed  crust  broke  up '  irregularly, 
and  not  until  after  many  successive  corrugations  did  the  surface 
ac({uiro  stability.  Some  writers  have  imagined  that  at  first  the  ocean 
spread  over  the  whole  surface  of  the  planet.  But  of  this  there  is  not 
only  no  evidence,  but  good  reason  for  believing  that  it  never  could  have 
taken  place.  As  will  be  alluded  to  in  a  later  page,  the  preponderance 
of  water  in  the  southern  hemisphere,  seems  to  indicate  some  excess  of 
density  in  that  hemisphere.  This  excels  can  hardly  have  been  proiiuced 
by  any  change  since  the  materials  of  the  interior  ceased  to  \re  mobile ;  it 
must  therefore  be  at  least  as  ancient  as  the  condensation  of  water  on  the 
earth's  surface.  Hence  there  was  probably  from  the  beginning  a 
tendency  in  the  ocean  to  accumulate  in  the  southern  rather  than  in  the 
northern  hemisphere. 

That  land  existed  from  Ihe  earliest  ages  of  which  we  have  any 
record  in  rock-formations,  is  evident  from  the  obvious  fact  that  these 
formations  themselves  consist  in  great  measure  of  materials  derived  from 
the  waste  of  land.  When  the  student,  in  a  later  part  of  this  volume,  is 
presented  with  the  proofs  of  the  existence  of  enormous  masses  of 
sedimentary  deposits,  even  among  some  of  the  oldest  geological  systems, 
he  will  perceive  how  important  must  have  been  the  tracts  of  land  that 
could  furnish  such  piles  of  detritus. 

The  tendency  of  modern  research  is  to  give  probability  to  the 
conception,  first  outlined  by  Kant,  that  not  only  in  our  own  solar  system, 
but  throxLghout  the  regions  of  space,  there  has  been  a  common  plan  of 
evolDtion,  and  that  the  matter  diffused  through  space  in  nebulce,  stars, 
and  planets  is  substantially  the  same  as  that  with  which  we  are  familiar. 
Henco  the  study  of  the  structure  and  probable  history  of  the  sun  and 

*  It  was  opposed,  however,  by  Mohr  (*  Geschichte  der  Erde,*  p.  472),  who,  adopt- 
ing a  suggestion  long  ago  mode  by  Playfair,  endeavoured  to  show  that  the 
polar  flattening  can  bo  accounted  for  by  greater  denudation  of  the  polar  tracts,  ex- 
posed A8  tiiese  nave  been  by  the  heaping  up  of  the  oceanic  waters  towards  the  equator 
ui  conaeqaenoe  of  rotation.  He  dwelt  chiefly  on  the  eficcts  of  glaciers  in  lowering 
the  londflmt  as  PfaflT  has  pointed  out,  the  work  of  erosion  is  chiefly  jierformed  by  other 
ttbnnspbciio  icacm  that  operate  rather  towards  the  equator  than  the  poles  (*  Allgemeine 
Geokttia  i^  e^el^tnMiseliall,'  p.  6).  Compare  Kaumann,  News  Jahrb.  1871 ,  p.  250. 
Nui  iJilllilliil^;liMaW^^^  Recalled  attention  to  a  conceivable  cause  by  which, 

ft^ilttHBMHMHlipA^^  equatorial  subsidence,  the  external  form  of  the  planet 


* .. ' 
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the  other  heavenly  bodies  oomes  to  possess  an  evident  geological  interest, 
seeing  that  it  may  yet  enable  ns  to  carry  back  the  story  of  our  planet 
far  beyond  the  domain  of  ordinary  geological  evidence,  and  upon  data  not 
lees  trustworthy  than  those  furnished  by  the  rocks  of  the  earth's  crust, 

III.  The  Movements  of  the  Earth  in  their  Geological  Kelations. 

We  are  here  concerned  with  the  earth's  motions  in  so  far  only  as  they 
materially  influence  the  progress  of  geological  phenomena. 

§  1.  Rotation. — In  consequence  of  its  angular  momentum  at  its 
original  separation,  the  earth  rotates  on  its  axis.  The  rate  of  rotation 
has  once  been  much  more  rapid  than  it  now  is  (p.  20).  At  present  a 
complete  rotation  is  performed  in  about  twenty-four  hours,  and  to  it  is 
due  the  succession  of  day  and  night.  So  far  as  observation  has  yet  gone, 
this  movement  is  uniform,  though  recent  calculations  of  the  influence  of 
the  tides  in  retarding  rotation  tend  to  show  that  a  very  slow  diminution 
of  the  angular  velocity  is  in  progress.  If  this  be  so,  the  length  of  the 
day  and  night  will  slowly  increase  until  finally  the  duration  of  the  day 
and  that  of  the  year  will  be  equal.  The  earth  will  then  have  reached 
the  condition  into  which  the  moon  has  passed  relatively  to  the  earth, 
one  half  being  in  continual  day,  the  other  in  perpetual  night. 

The  linear  velocity  due  to  rotation  varies  in  different  places,  according 
to  their  position  on  the  surface  of  the  planet.  At  each  pole  there  can  be 
no  velocity,  but  from  these  two  points  towards  the  equator  there  is  a 
continually  increasing  rapidity  of  motion,  till  at  the  equator  it  is  equal 
to  a  rate  of  607  yards  in  a  second. 

To  the  rotation  of  the  earth  are  due  certain  remarkable  influences  upon 
currents  of  air  circulating  either  towards  the  equator  or   towards  the 
jH>les.     Currents  which  move  from  polar  latitudes  travel  from  parts  of 
the  earth's  surface  where  the  velocity  due  to  rotation  is  small,  to  others 
where  it  is  great.     Hence  they  lag  behind,  and  their  course  is  bent  more 
and  more  westward.     An  air  current,  quitting  the  north  polar  or  north 
teiui>crato   regions  as  a  north  wind,  is  deflected  out  of  its  course,  and 
iKxomes  a  north-oast  wind.   On  the^opposite  side  of  the  equator,  a  similar 
current  sotting  out  straight  for  the  eijuator,  is  changed  into  a  south-east 
wind.     Hence,  as  is  well  known,  the  Trade-winds   have  their  charac- 
teristic  westward   deflection.     On  the   other   hand,   a  current  setting 
out   northwards   or   southwards  from  the  equator,  passes   into  regions 
liaving  a  less  velocity  due  to  rotation  than  it  possesses  itself,  and  hence 
it  travels  on  in  advance  and  appears  to  be  gradually  deflected  eastward. 
The  aerial  currents,  blowing  steadily  across  the  surface  of  the  ocean 
towar<ls  the  C(iuator,  i)roduce  oceanic  currents  which  unite  to  form  the 
westward-flowing  E([uatorial  current. 

It  has  been  maintained  by  Von  Baer,*    that  a  certain  deflection  is 

*  "  Ueber  ein  aU^omcincs  Gcsetz  in  der  Gestaltunp:  der  Fhissbetten."  Bull,  Acad, 
Hi.  Ptieribourg,  ii.  (IHGO).  See  also  Ferrcl  on  the  motions  of  fluids  and  solids  relatively 
to  the  earth's  surface.  Caml).  (Mass.)  Math.  Monthly,  vols.  i.  and  ii.  (1859-60).  Dulk. 
Z.  Dfni$ch.  G(ol.  Ges.  xxxi.  (1879)  p.  224.  The  Kiver  Irtiscli  is  said  in  flowing  north- 
ward to  have  cat  eo  much  into  its  right  bank  that  villages  arc  gradually  driven  ea^t- 
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exporienced  by  rivers  that  flow  in  a  meridional  direction,  like  the  Volga 
and  Irtisch.  Those  travelling  polewards  are  asserted  to  press  upon  their 
eastern  rather  than  their  western  banks,  while  those  which  run  in  the 
opposite  direction  are  stated  to  be  thrown  more  against  the  western  than 
the  eastern.  When,  however,  we  consider  the  comparatively  small 
volume,  slow  motion,  and  continually  meandering  course  of  rivers,  it 
may  reasonably  be  doubted  whether  this  vera  causa  can  have  had  much 
eft'ect  generally  in  modifying  the  form  of  river-channels. 

§  2.  Revolution. — Besides  turning  on  its  axis,  the  globe  performs 
a  movement  round  the  sun,  termed  revolution.  This  movement, 
accomplished  in  rather  more  than  365  days,  determines  for  us  the 
length  of  our  year,  which  is,  in  fact,  merely  the  time  required  for  one 
complete  revolution.  The  path  or  orbit  followed  by  the  earth  round  the 
sun  is  not  a  perfect  circle  but  an  ellipse,  with  the  sun  in  one  of  the  foci, 
the  mean  distance  of  the  earth  from  the  sun  being  92,800,000,  the  present 
aphelion  distance  94,500,000  and  the  perihelion  distance,  91,250,000  miles. 
By  slow  secular  variations,  the  form  of  the  orbit  alternately  approaches  to 
and  recedes  from  that  of  a  circle.  At  the  nearest  possible  approach 
l)etween  the  two  bodies,  owing  to  change  in  the  ellipticity  of  the  orbit, 
the  earth  is  14,308,200  miles  nearer  the  sun  than  when  at  its  greatest 
possible  distance.  These  maxima  and  minima  of  distance  occur  at  vast 
intervals  of  time.^  The  last  consideralde  eccentricity  took  place  about 
200,000  years  ago,  and  the  previous  one  more  than  half  a  million 
years  earlier.  Since  the  amount  of  heat  received  by  the  earth  from 
the  sun  is  inversely  as  the  square  of  the  distance,  eccentricity  may 
have  had  in  past  time  much  effect  upon  the  climate  of  the  earth,  as  will 
be  i^ointed  out  further  on  (§  8). 

§  3.  PreceBsion  of  the  Equinoxes. — If  the  axis  of  the  earth  were 
porpeudicular  to  the  plane  of  its  orbit,  there  would  be  equal  day  and 
night  all  the  year  round.  But  it  is  really  inclined  from  that  position  at 
an  angle  of  23°  27'  21."  Hence  our  hemisphere  is  alternately  presented 
to  and  turned  away  from  the  sun,  and,  in  this  way,  brings  the  familiar 
alternation  of  the  seasons.  Again,  were  the  earth  a  perfect  sphere,  of 
uniform  density  throughout,  the  position  of  its  axis  of  rotation  would 
not  be  changed  by  attractions  of  external  bodies.  But  owing  to  the 
protuberance  along  the  equatorial  regions,  the  attraction  chiefly  of  the 
moon  and  sun  tends  to  pull  the  axis  aside,  or  to  make  it  describe  a 
conical  movement,  like  that  of  the  axis  of  a  top,  round  the  vertical. 
Hence  each  pole  points  successively  to  diflerent  stars.  This  movement, 
called  the  precession  of  the  equinoxes,  in  combination  with  another 
smaller  movement,  due  to  the  attraction  of  the  moon  (called  nutation),  corn- 


ward^,  Boinianak  havlDg  been  shifted  about  a  mile  in  240  years  {Nature,  xy.  p.  207).  But 
this  may  be  acoonnted  for  by  local  causes.  See  an  excellent  paper  oa  this  subject  with 
speoial  roferenw  to  the  regime  of  some  rivers  in  northern  Germany,  by  F.  Klockmaun. 
Mfh*  iVrtiM.  (ML  XoiulttKiml.  1882.    Bee  also  £.  Dunker,  Zeitsch,  fur  die  gesammten 

'  6pfit^jf^^ismi^m^       Gh»p«.  XY.,  XIX, 
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pletes  its  cycle  in  21,000  years,  the  animal  total  advance  of  the  equinox 
amounting  to  62."  At  present  the  winter  in  the  northern  hemisphere 
coincides  with  the  earth's  nearest  approach  to  the  sun,  or  perihelion. 
In  10,500  years  hence  it  will  take  place  when  the  earth  is  at  the 
farthest  part  of  its  orbit  from  the  sun,  or  in  aphelion,  This  movement 
acquires  great  importance  when  considered  in  connection  with  the 
secular  variations  in  the  eccentricity  of  the  orbit  (§  8). 

§  4.  Change  in  the  Obliquity  of  the  Ecliptic— The  angle  at 
which  the  axis  of  the  earth  is  inclined  to  the  plane  of  its  orbit  does  not 
remain  strictly  constant.  It  oscillates  through  long  periods  of  time  to 
the  extent  of  about  a  degree  and  a  half,  or  perhaps  a  little  more,  on 
either  side  of  the  mean.  According  to  Dr.  Croll,^  this  oscillation  must 
have  considerably  affected  former  conditions  of  climate  on  the  earth, 
since,  when  the  obliquity  is  at  its  maximum,  the  polar  regions  receive 
about  eight  and  a  half  days'  more  of  heat  than  they  do  at  present — that 
is,  about  as  much  heat  as  lat.  76°  enjoys  at  this  day.  This  movement 
must  have  augmented  the  geological  effects  of  precession,  to  which 
reference  has  just  been  made,  and  which  are  described  in  §  8. 

§  5.  Stability  of  the  Earth's  Axia.— That  the  axis  of  the  earth's 
rotation  has  successively  shifted,  and  consequently  that  the  poles  have 
wandered  to  dififerent  points  on  the  surface  of  the  globe,  has  been 
maintained  by  geologists  as  the  only  possible  explanation  of  certain 
remarkable  conditions  of  climate,  which  can  be  proved  to  have  formerly 
obtained  within  the  Arctic  Circle.  Even  as  far  north  as  lat.  81'^  4.5', 
abundant  remains  of  a  vegetation  indicative  of  a  warm  climate,  and 
including  a  bed  of  coal  25  to  30  feet  thick,  have  been  found  in  situ.'^ 
It  is  contended  that  when  these  plants  lived,  the  ground  could  not  liave 
been  permanently  frozen  or  covered  for  most  of  the  year  with  thick 
snow.  In  explanation  of  the  difficulty,  it  has  been  suggested  that  the 
north  pole  did  not  occupy  its  present  position,  and  tliat  tlio  locality 
wliere  the  jdants  occur  lay  in  more  southerly  latitudes.  Without  at 
jiresent  entering  on  the  discussion  of  the  question  whether  the  geological 
evidence  necessarily  requires  so  important  a  geographical  change,  let  us 
considc^r  how  far  a  shifting  of  the  axis  of  rotation  has  been  a  possible 
cause  of  change  during- that  section  of  geological  time  for  which  there 
are  records  among  the  stratified  rocks. 

From  the  time  of  Laplace,^  astronomers  have  strenuously  denied 
the  possibility  of  any  sensible  change  in  the  position  of  the  axis  of 
notation.  It  has  l)een  urged  that,  since  the  planet  acquired  its  present 
oblate  spheroidal  form,  nothing  but  an  utterly  incredible  amount  of 
<leformation  could  overcome  the  greater  centrifugal  force  of  the 
equat(»rial  protuberance.  It  is  certain,  however,  that  the  axis  of 
rotation  does  not  strictly  coincide  with  the  principal  axis  of  inertia. 
Though  the  angular  difference  between  them  must  always  have   been 

»  Ooll,  Trans.  Geol  Soc.  GlnMjow,  ii.  177.     *  Climate  and  Time,*  Chap.  xxv. 
■  Fielden  and  Heer,  Qmirt.  Journ.  Geol.  Soe.  Nov.  1877. 
'  'Mecanique  Cclcsto,'  tome  v.  p.  14. 
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small,  we  can,  without  having  recourse  to  any  extramundane  influence, 
rocogniso  two  causes  which,  whether  or  not  they  may  suffice  to  produce 
any  change  in  the  position  of  the  main  axis  of  inertia,  undoubtedly  tend 
to  do  so.  In  the  first  place,  a  widespread  upheaval  or  depression  of 
certain  unsymmetrically  arranged  portions  of  the  surface  to  a  consider- 
able amount  would  tend  to  shift  that  axis.  In  the  second  place,  an 
analogous  result  might  arise  from  the  denudation  of  continental  masses 
of  land,  and  the  consequent  filling  up  of  sea-basins.  Sir  William 
Tliomson  freely  concedes  the  physical  possibility  of  such  changes. 
"  We  may  not  merely  admit,"  he  says,  "  but  assert  as  highly  probable, 
that  the  axis  of  maximum  inertia  and  axis  of  rotation,  always  very  near 
one  another,  may  have  been  in  ancient  times  very  far  from  their  present 
geographical  position,  and  may  have  gradually  shifted  through  10,  20, 
30,  40,  or  more  degrees,  without  at  any  time  any  perceptible  sudden 
disturbance  of  either  land  or  water."  ^  But  though,  in  the  earlier  ages 
of  the  planet's  history,  stupendous  deformations  may  have  occurred,  and 
the  axis  of  rotation  may  have  often  shifted,  it  is  only  the  alterations 
which  can  possibly  have  occurred  during  the  accumulation  of  the 
stratified  rocks,  that  need  to  be  taken  into  account  in  connection  with 
former  changes  of  climate.  If  it  Can  be  shown,  therefore,  that  the 
geographical  revolutions  necessary  to  shift  the  axis  are  incredibly 
stui^endous  in  amount,  improbable  in  their  distribution,  and  not  really 
demanded  by  geological  evidence,  we  may  reasonably  withhold  our 
belief  from  this  alleged  cause  of  the  changes  of  climate  during 
geological  history. 

It  has  been  estimated  by  Sir  William  Thomson  "  that  an  elevation 
of  600  feet,  over  a  tract  of  the  earth's  surface  1000  miles  square  and  10 
miles  in  thickness,  would  only  alter  the  position  of  the  principal  axis  by 
one-third  of  a  second,  or  34  feet."  ^  Prof.  George  Darwin  has  shown  that, 
on  the  supposition  of  the  earth's  complete  rigidity,  no  redistribution  of 
matter  in  new  continents  could  ever  shift  the  pole  from  its  primitive 
l)08ition  more  than  3°,  but  that,  if  its  degree  of  rigidity  is  consistent 
with  a  periodical  re-adjustment  to  a  new  fonu  of  equilibrium,  the  pole 
may  have  wandered  some  10°  or  15°  from  its  primitive  position,  or  have 
made  a  smaller  excursion  and  returned  to  near  Its  old  place.  In  order, 
however,  that  these  maximum  effects  should  be  produced,  it  would  be 
necessary  that  each  elevated  area  should  have  an  area  of  depression 
corresponding  in  size  and  diametrically  opposite  to  it,  that  they  should 
lie  on  the  same  complete  meridian,  and  that  they  should  both  be  situated 
in  lat.  45°.  With  all  these  coincident  favourable  circumstances,  an 
effective  elevati<m  of  r^l^y  of  the  earth's  surface  to  the  extent  of  10,000  feet 
would  shift  the  pole  11^  ;  a  similar  elevation  of  tj'^  would  move  it  1°  46^' ; 

of  ^V>  ^^  1*^'  J  ^^^  ^^ ^»  ®^  ^l*     ^^'  I^arwin  admits  these  to  be  superior 
limits  to  what  is  possible,  and  that,  on  the  supposition  of  intumescence  or 

»  Brit,  Asmc.  Rep.  (1876),  Sections,  p.  11. 

'  Tnins.  Geol.  Soc,  Glaagow^  iv.  p.  313.    Tho  situation  of  tho  supposed  area  of  up- 
heaval on  tho  earth's  surface  is  not  stated. 
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contraction  tinder  the  regions  in  question,  the  deflection   of  tlio  pole 
might  be  reduced  to  a  quite  insignificant  amount.^ 

Under  the  most  favourable  conditions,  therefore,  the  possible  amount 
of  deviation  of  the  pole  from  its  first  position  would  appear  to  have  been 
too  small  to  have  seriously  influenced  the  climates  of  the  globe  within 
geological  history.  If  we  grant  that  these  changes  were  cumulative,  and 
that  the  superior  limit  of  deflection  was  reached  only  after  a  long  series 
of  concurrent  elevations  and  depressions,  we  must  suppose  that  no  move- 
ments took  place  elsewhere  to  counteract  the  eflect  of  those  about  lat.  45° 
in  the  two  hemispheres.  But  this  is  hardly  credible.  A  glance  at  a 
geographical  globe  suffices  to  show  how  largo  a  mass  of  land  exists  now 
both  to  the  north  and  south  of  that  latitude,  especially  in  the  northern 
hemisphere,  and  that  the  deepest  parts  of  the  ocean  are  not  antipodal  to 
the  greatest  heights  of  the  land.  These  features  of  the  earth's  surface 
are  of  old  standing.  There  seems,  indeed,  to  be  no  geological  evidence  in 
favour  of  any  such  geographical  changes  as  could  have  produced  even 
the  comparativaly  small  displacement  of  the  axis  considered  possible  by 
Prof.  Darwin. 

In  an  ingenious  suggestion,  Dr.  John  Evans  contended  that,  even 
without  any  sensible  change  in  the  position  of  the  axis  of  rotation  of  the 
nucleus  of  the  globe,  there  might  be  very  considerable  changes  of 
latitude  due  to  disturbance  of  the  equilibrium  of  the  shell  by  the 
upheaval  or  removal  of  masses  of  land  between  the  e(j[uator  and  the 
l>ole8  and  to  the  consequent  sliding  of  the  shell  over  the  nucleus  until 
the  equilibrium  was  restored.*  Subsequently  he  precisely  formulated 
his  hypothesis  as  a  question  to  be  determined  mathematically ;  ^  and 
the  Holuti(m  of  the  problem  was  worked  out  by  the  Kcv.  J.  F. 
Twisden,  who  arrived  at  the  conclusion  that  even  the  large  amount  of 
geographical  change  postulated  by  Dr.  Evans  could  only  displace  the 
earth's  axis  of  figure  to  the  extent  of  less  tlian  10'  of  angle,  that  a  dis- 
placement of  as  much  as  10^  or  15^  could  Ik)  effected  only  if  the  heigh t^i 
and  depths  of  the  areas  elevated  and  depressed  exceeded  by  many  times 
tlie  heights  of  the  highest  mountains,  that  under  no  circumstances  couhl  a 
displacement  of  20^  Ix)  effected  by  a  transfer  of  matter  of  less  amount  than 
about  a  sixth  jmrt  of  the  whole  equatorial  bulge,  and  that  even  tliis  extreme 
amount  would  not  necessarily  alter  the  position  of  the  axis  of  figure.'* 

Against  any  hypothesis  which  assumes  a  thin  crust  enclosing  a  li(|uid 
or  viscous  interior,  weighty  and,  indeed,  insuperable  objections  liave 
Ur<n  urged.  It  has  been  suggested,  however,  that  the  almost  universal 
ti;mi*h  of  present  or  former  volcanic  action,  the  evidence  from  the  com- 
l^ivB8e<l  strata  in  mountain  regions  that  the  crust  of  the  earth  must  have 
a  capacity  for  slipping  towards  certain  lines,  the  great  amount  of 
horizontal  compression  of  strata  which   can   1k)   proved  to  have   l>een 

»  Pka,  Trwiw.  Nov.  1876.  *  Pn)C.  Hoy,  S^^r.  xv.  (IHO?)  p.  Ht. 

'  Q.  /.  OtoL  StMU  xxxii.  (1870)  p.  G2. 

•  <i,  J.  QtoL  8oe.  zxxW,  (1878)  p.  41.     Soo  also  K.  Hill,  (irol  ^hnf.  v.  (iiiMl  h/.) 
{*\\  2138, 47a    O.  Fiahor,  op,  ciL  pp.  201,  .'>.'>  1. 
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accomplished,  and  tho  Becular  changes  of  climate — notably  the  former 
warm  climate  near  the  north  pole — furnish  grounds  for  inquiry  whether 
tho  doctrine  of  a  fluid  substratum  over  a  rigid  nucleus,  which  has  been 
urged  by  several  able  writers,  would  not  be  compatible  with  mechanical 
considerations,  and  whether,  under  these  circumstances,  changes  in  lati- 
tude would  not  result  from  unequal  thickening  of  the  crust.^  This 
question  of  the  internal  condition  of  the  globe  is  discussed  at  p.  54. 

§  6.  Changes  of  the  Earth's  Centre  of  Gravity.— If  the  centre 
of  gravity  in  our  planet,  as  pointed  out  by  Herschel,  be  not  coincident 
with  the  centre  of  figure,  but  lies  somewhat  to  the  south  of  it,  any 
variation  in  its  position  will  affect  tho  ocean,  which  of  course  adjusts 
itself  in  relation  to  the  earth's  centre  of  gravity.  How  far  any  redis- 
tribution of  the  matter  within  the  earth,  in  such  a  way  as  to  affect  the 
present  equilibrium,  is  now  pos8il>le,  we  cannot  tell.  But  certain 
revolutions  at  the  surface  may  from  time  to  time  produce  changes  of 
this  kind.  The  accumulation  of  ice  which,  as  will  be  immediately 
described  (§  8),  is  believed  to  gather  round  one  pole  during  the 
maximum  of  eccentricity,  will  displace  the  centre  of  gravity,  and,  as  the 
result  of  this  change,  will  raise  the  level  of  the  ocean  in  the  glacial 
hemisphere.^  Dr.  Croll  has  estimated  that,  if  the  present  mass  of  ice  in 
the  southern  hemisphere  is  taken  at  1000  feet  thick  extending  down  to 
lat.  60^,  the  transference  of  this  mass  to  the  northern  hemisphere  would 
raise  the  level  of  the  sea  80  feet  at  the  noi-th  pole.  Other  methods  of 
calculation  give  different  results.  Mr.  Heath  puts  the  rise  at  128  feet; 
Archdeacon  Pratt  makes  it  more ;  while  the  Rev.  0.  Fisher  gives  it  at 
409  feet.^  More  recently,  in  returning  to  this  question,  Dr.  Croll  remarks 
"  that  the  removal  of  two  miles  of  ice  from  the  Antarctic  continent  [and 
at  present  the  mats  of  ice  there  is  probablj^  thicker  than  that]  would 
displace  the  centre  of  gravity  190  feet,  and  the  formation  of  a  mass  of 
ice  equal  to  the  one-half  of  this,  on  the  Arctic  regions,  would  carry  the 
centre  of  gravity  95  feet  farther ;  giving  in  all  a  total  displacement 
of  285  feet,  thus  producing  a  rise  of  level  at  the  north  pole  of  285  feet, 
and  in  the  latitude  of  Edinburgh  of  234  feet."  A  very  considerable 
additional  displacement  would  arise  from  the  increment  of  water  to  the 
mass  of  the  ocean  by  the  melting  of  the  ice.  Supposing  half  of  the  two 
miles  of  Antarctic  ice  to  be  replaced  by  an  ice-cap  of  similar  extent  and 
one  mile  thick  in  the  northern  hemisphere,  the  other  half  being  melted 
into  water  and  increasing  the  mass  of  the  ocean,  Dr.  Croll  estimates  that 
from  this  source  an  extra  rise  of  200  feet  would  take  place  in  the  general 
ocean  level,  so  that  there  would  be  a  rise  of  485  feet  at  the  north  pole, 
and  434  feet  in  the  latitude  of  Edinburgh.*     An  intermittent  submer- 

»  O.  Fisher,  Ged,  Mag.  1878  p.  552,  and  his  '  Physics  of  the  Earth's  Crust,'  1882. 

'  Adhemar,  *  Revolutions  de  la  Mer,'  li^40. 

»  Croll,  ill  Jieader  for  2nd  Sept<.mber,  18G5,  and  riul  Mag.  April,  186G;  Heath, 
Phil  Mag.  April,  18G9;  Pratt.  Phil  Mag.  March,  18G6;  Fisher,  BendeVy  10th 
Febrnary,  18(1(5. 

*  Croll,  Gcol  Mag.  new  sericH,  i.  (1874)  p.  347;  *  Cliiuuio  and  Time,'  chops,  xxiii. 
and  XX iv. 
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genoe  and  emergence  of  the  low  polar  lands  might  bo  due  to  the  alternate 
Bhifting  of  the  centre  of  gravity. 

To  what  extent  this  cause  has  actually  come  into  operation  in  past 
time  cannot  at  present  be  deterniinod.  It  has  been  suggested  that  the 
"raised  beaches"  or  old  sea- terraces,  so  numerous  at  various  heights 
in  the  north-west  of  Europe,  might  bo  due  to  the  transference  of  the 
oceanic  waters,  and  not  to  any  subterranean  movement,  as  generally 
believed.  But  if  such  had  been  their  origin,  they  ought  to  have 
shown  evidence  of  a  gradual  and  uniform  decline  in  elevation  from 
north  to  south.  No  such  feature,  however,  has  been  detected.  On  the 
contrary,  the  levels  of  the  terraces  vary  within  comparatively  short 
distances.  Though  numerous  on  both  sides  of  Scotland,  they  disappear 
among  the  Orkney  and  Shetland  islands,  although  these  localities 
were  admirably  adapted  for  their  formation  and  preservation.*  The 
conclusion  must  be  drawn  that  the  "  raised  beaches  "  cannot  be  adduced 
as  evidence  of  changes  of  the  earth's  centre  of  gravity,  but  are  due 
to  local  and  irregular  subterranean  movement.  (See  Book  III.  Part  I. 
Section  iii.  §  1.) 

§.  7.  Results  of  the  Attractive  Influence  of  Sun  and  Moon  on 
the  Geological  Condition  of  the  Earth. — Many  speculations  have 
been  offered  to  account  for  supposed  former  greater  intensity  of  geological 
activity  on  the  surface  of  the  globe.  Two  causes  for  such  greater 
intensity  may  be  adduced.  In  tlie  first  place,  if  the  earth  has  cooled 
down  from  an  original  molten  condition,  it  has  lost,  in  cooling,  a  vast 
amount  of  potential  geological  energy.  It  deep  not  necessarily  follow, 
however,  that  the  geological  phenomena  resulting  from  internal  tem- 
perature have,  during  the  time  recorded  in  the  accessible  part  of  the 
earth's  crust,  been  steadily  decreasing  in  magnitude.  We  might,  on 
the  contrary,  contend  that  the  increased  resistance  of  a  thickening 
cooled  crust  may  rather  have  hitherto  intensified  tlie  manifestations  of 
subterranean  activity,  by  augmenting  the  resistance  to  be  overcome.  In 
the  second  place,  the  earth  may  have  been  once  more  powerfully  affected 
by  external  causes,  such  as  the  greater  heat  of  the  sun,  and  the  greater 
proximity  of  the  moon.  That  the  formerly  larger  amount  of  solar  heat 
received  by  the  surface  of  our  planet  must  have  produced  warmer 
climates  and  more  rapid  evaporation,  with  greater  rainfall  and  the 
important  chain  of  geological  changes  which  such  an  increase  would 
introduce,  appears  in  every  way  probable,  though  the  geologist  has  not 
yet  been  able  to  observe  any  indisputable  indication  of  such  a  former 
intensity  of  superficial  changes. 

Prof.  Darwin,  in  investigating  the  lx>dily  tides  of  viscous  spheroids, 
lias  brought  forward  some  remarkable  results  bearing  on  the  question 
of  the  possibility  that  geological  operations,  both  internal  and  superficial, 
may  have  l^en  once  greatly  more  gigantic  and  rapid  than  they  are 
now.^     He  assumes  the  earth  to  be  a  homogeneous  spheroid  and  to  have 

»  Nature,  xvi.  (1877)  p.  41.5.  '  Phil  Tran»,  1870,  parts  i.  and  ii. 
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ffosflcmed  a  certain  ftmall  viflcosity,^  and  he  calculates  the  internal  tidal 
friction  in  snch  a  mass  exposeil  to  the  attraction  of  moon  and  inm,  and 
the  con»eqncnr;e8  which  these  bodily  tides  have  produced.  He  finds 
that  the  length  of  onr  day  and  month  have  greatly  increased,  that  the 
m^Kin'fl  distance  has  likewise  angmented,  that  the  obliquity  of  the 
ecliptic  has  diTnininhcd,  that  a  large  amount  of  hyi)ogene  heat  has  been 
gcTicrate^l  by  the  internal  tidal  friction,  and  that  these  changes  may  all 
havfj  transpired  within  c^miparatively  so  short  a  period  (57,0<)0,000  years) 
as  to  place  them  quite  probably  within  the  limits  of  ordinary  geological 
hintfiry.  Ac»^>rding  to  his  estimate,  46,300,000  years  ago  the  length  of 
the  sidereal  day  was  fifteen  and  a  half  hours,  the  moon's  distance  in  mean 
radii  of  the  earth  was  40*8  as  compared  with  60-4  at  the  present  time. 
1^1 1  50,810,000  years  >)ack,  the  length  of  a  day  was  only  6f  hours,  or 
loss  than  a  quarter  of  its  present  value,  the  moon's  distance  was  only 
nine  earth's  radii,  while  the  lunar  month  lasted  not  more  than  about  a 
day  and  a  half  Cl'58),  or  -j^  of  its  present  duration.  He  arrives  at  the 
deduction  tliat  the  energy  lost  by  internal  tidal  friction  in  the  earth's 
muss  is  c(mvcrtod  into  heat  at  such  a  rate  that  the  amount  lost  during 
57,000,000  years,  if  it  were  all  applied  at  once,  and  if  the  earth  had  the 
sp(M;iric  heat  of  iron,  would  raise  the  temperature  of  the  whole  planet's  mass 
1, 7 (JO''  Fahrenheit,  but  that  the  distribution  of  this  heat-generation  has 
l»o<ui  such  as  not  to  interfere  with  the  normal  augmentation  of  tempera- 
tun*  downward  due  to  secular  cooling,  and  the  conclusion  drawn  there- 
fn)m  by  Sir  William  Thomson.  Mr.  Darwin  further  concludes  from  his 
liypothcsis  tliat  the  oUiptioity  of  the  earth's  figure  having  been  con- 
tinually diminishing,  "  the  polar  regions  must  have  been  ever  rising  and 
the  o([uatorial  ones  falling,  though  as  tlio  ocean  followed  these  changes, 
thoy  might  cpiito  well  have  left  no  geological  traces.  The  tides  must 
have  been  very  much  more  frequent  and  larger,  and  accordingly  the  rate 
of  oceanic  denudation  much  accelerated.  The  more  rapid  alternation  of 
day  and  niglit^  would  probably  lead  to  more  sudden  and  violent  storms, 
an<l  the  incroase<l  rotation  of  the  earth  would  augment  the  violence  of  the 
tra<le-winds,  wliich  in  their  turn  would  affect  oceanic  currents."  ^  As 
al)ovo  stated,  no  facts  yet  revealed  by  the  geological  record  compel  the 
admission  of  more  violent  superficial  action  in  former  times  than  now. 
Kut  though  the  facts  do  not  of  themselves  load  to  such  an  admission,  it 
is  proper  to  enquire  whether  any  of  them  are  hostile  to  it.  It  will  be 
shown  in  Book  Vl.  that  even  as  far  kick  as  early  Palaeiizoic  times,  that 
is,  as  far  int<>  the  jvust  as  the  history  of  organiseil  life  can  l>e  traced, 
HO«limonta<ion  Ux^k  plaet>  very  much  as  it  does  now.     Sheets  of  fine  mud 

'  T\\o  i1ofrrrH>  of  viw»osily  rt«s«mo<l  is  nwch  that  •*  thirtoon  and  a  half  tons  to  tho 
-.m-m-  inch  a.»tin>r  for  (wt^nty-fonr  honra  on  a  slab  an  in«^h  tliick  di8i)la<v8  the  uppcT 
->nJ!io«»  iv1aii\ir1y  to  iho  lower  1hn>u^h  »>no-lon1h  of  an  inch.  It  is  oWioua,"  sava  Mr. 
I^«i«in,  **  thai  woh  a  ^nlwtanco  as  this  wonM  Iv  oalli><l  a  s.Mid  in  ordinary  lUiflanoo, 
an.l  in  Iho  tidal  pi>f>Wom  this  nwsl  Iv  n>ffaHcd  as  a  vcnr  small  viscwdtr!"    0/».  riV. 

•  AMVii>lin|t  t«  Hm  OftkMilaiinm,  th«^  yoM  .'»7,000,0i>0  of  voara  a^o  c»-»ntftinrtl  1800  dav* 
ImIvM  of  *»,  »  Oju  fit.  \x  .S32. 
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and  Bilt  were  pitted  with  rain  drops,  ribbed  with  ripple-marks,  and 
furrowed  by  crawling  worms,  exactly  as  they  now  are  on  the  shores  of 
any  modem  estuary.  These  surfaces  were  quietly  buried  under  succeed- 
ing sediment  of  a  similar  kind,  and  this  for  hundreds  and  thousands  of 
feet.  Nothing  indicates  violence;  all  the  evidence  favours  tranquil 
deposit.^  If,  therefore,  Mr.  Darwin's  hypothesis  be  accepted,  we  must 
conclude  either  that  it  does  not  necessarily  involve  such  violent  super- 
ficial operations  as  he  supposes,  or  that  even  the  oldest  sedimentary 
formations  do  not  date  back  to  a  time  when  the  influence  of  increased 
rotation  could  make  itself  evident  in  sedimentation,  that  is  to  say,  on 
Mr.  Darwin's  hypothesis,  the  most  ancient  fossiliferous  rocks  cannot  be 
nearly  as  much  as  57,000,000  years  old. 

§  8.  Climate  in  its  Geological  Relations. — In  subsequent  parts 
uf  this  volume  the  data  will  be  given  from  which  we  learn  that  the 
climates  of  the  earth  have  formerly  been  considerably  different  from 
those  which  at  present  prevail.  A  consideration  of  the  history  of  the 
»jlar  system  would  of  itself  suggest  the  inference  that,  on  the  whole,  the 
climates  of  early  geological  periods  must  have  been  warmer.  The  sun's 
heat  was  greater,  probably  the  amount  of  it  received  by  the  earth  was 
likewise  greater,  while  there  would  be  for  some  time  a  sensible  influence 
of  the  planet's  own  internal  heat  upon  the  general  temperature  of  the 
whole  globe.^  Although  arguments  based  upon  the  probable  climatal 
necessities  of  extinct  species  and  genera  of  plants  and  animals  must  be 
used  with  extreme  caution,  it  may  be  asserted  with  some  confidence  that 
from  the  vast  areas  over  which  many  Palseozoic  moUusks  have  been 
traced,  alike  in  the  eastern  and  the  western  hemisplieres,  the  climates  of 
the  glol)e  in  Palaeozoic  time  were  probal)ly  much  more  uniform  than  thc.y 
now  are.  There  appears  to  have  been  a  gradual  lowering  of  the  general 
temiwrature  during  past  geological  time,  accompanied  by  a  tendency 
towards  greater  extremes  of  climate.  But  there  are  proofs  also  that  at 
longer  or  shorter  intervals  cold  cycles  have  intervened.  The  (jllacial 
lV*ri<Kl,  for  example,  preceded  our  own  time,  and  in  successive  geological 
formations  indications,  of  more  or  less  value,  have  been  found  that  point 
to  a  prevalence  of  ice  in  what  are  now  temperate  regions. 

*  Tin*  al>ovo  paHsagc  ha<l  been  printed  off  when  Professor  R.  S.  Ball's  remarkablo 
l«?<!turo  apj)eare<l  {NfUure,  xxv.  1881,  pp.  79,  108),  in  wliicli,  starting  from  Professor 
Darwin's  data,  ho  pushed  his  conclusions  U^  such  an  cxtrcnio  as  to  call  in  the  agency  of 
tides  more  than  (JOO  feet  liigh  in  early  geological  times.  In  repudiating  this  ai)plioation 
of  his  H'sults,  Mr.  Darwhi  {Ndturf^  xxv.  p.  213)  employs  the  argument  I  have  here  used 
from  the  absence  of  any  evidence  of  such  tidal  action  in  the  geological  formations,  and 
fr^m  the  indicjition,  on  the  cr)ntrary,  of  (rancjuil  dejK)sit. 

-  Sir  William  Thom«<m  believes  that  the  hypothesis  that  terrestrial  temperature  was 
form«Tly  higher  by  reason  of  a  hotter  sun  **  is  rendered  almost  infmitely  probalde  by 
iiid»;iM.-ndent  physical  evidence  and  mathematical  calculation."  ('rr<in:<.  GtoL  Soc. 
Glnsij'nr^  v.  p.  2.'>8.)  l*rofessor  Tait,  however,  has  suggested,  that  the  former  greater 
heat  of  the  sun  may  have  raised  such  vast  clouds  of  absorbing  vapour  round  thai 
lmninar>'  as  to  prevent  the  effective  amount  of  radiation  of  heat  to  tlie  earth's 
iurfaee  from  l>eing  greater  than  at  present;  while  on  the  other  hand,  a  similar  supj)osi- 
ii«»n  may  be  mjule  with  reference  to  the  greater  amount  of  vapour  which  increased  solar 
radiation  would  raise  to  l>e  ccmdenaed  in  the  earth's  atmosphere.  *Eecent  Advance.^ 
in  Physical  Science,*  1870,  p.  174. 
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Various  theories  have  been  proposed  in  explanation  of  such 
alternations  of  climate.  Some  of  these  have  appealed  to  a  change  in  the 
position  of  the  earth's  axis  relatively  to  the  mass  of  the  planet  (antCj  §  5). 
Others  have  been  based  on  the  notion  that  the  earth  may  have  passed 
through  hot  and  cold  regions  of  space.  Others,  again,  have  called  in  the 
effects  of  terrestrial  changes,  such  as  the  distribution  of  land  and  sea,  on 
the  assumption  that  elevation  of  land  about  the  poles  must  cool  the 
temperature  of  the  globe,  while  elevation  round  the  equator  woxdd  raise 
it.^  But  the  changes  of  temperature  appear  to  have  affected  the  whole 
of  the  earth's  surfac^e,  while  there  is  not  only  no  proof  of  any  such  enor- 
mous vicissitudes  in  physical  geography  as  would  be  required,  but  good 
grounds  for  believing  that  the  present  terrestrial  and  oceanic  areas  have 
remained,  on  the  whole,  on  the  same  sites  from  very  early  geological  time. 
Moreover,  as  evidence  has  accumulated  in  favour  of  periodic  alternations 
of  climate,  the  conviction  has  been  strengthened  that  no  mere  local 
changes  could  have  sufficed,  but  that  secular  variations  in  climate  must 
be  assigned  to  some  general  and  probably  recurring  cause. 

By  degrees,  geologists  accustomed  themselves  to  the  belief  that  the 
cold  of  the  Glacial  Period  was  not  due  to  mere  terrestrial  changes,  but 
was  to  be  explained  somehow  as  the  result  of  cosmical  causes.  Of  various 
suggestions  as  to  the  probable  nature  and  operation  of  these  causes,  one 
deserves  careful  consideration — change  in  the  eccentricity  of  the  earth's 
orbit.  Sir  John  Herschel  ^  pointed  out  many  years  ago  that  the  direct 
effect  of  a  high  condition  of  eccentricity  is  to  produce  an  unusually  cold 
winter,  followed  by  a  correspondingly  hot  summer,  in  the  hemisphere 
whose  winter  occurs  in  aphelion,  while  an  equable  condition  of  climate 
at  the  same  time  prevails  on  the  opposite  hemisphere.  But  both  hemi- 
spheres must  receive  precisely  the  same  amount  of  solar  heat,  because 
the  deficiency  of  heat,  resulting  from  the  sun's  greater  distance  during 
one  part  of  the  year,  is  exactly  compensated  by  the  greater  length  of  that 
season.  Sir  John  Herschel  even  considered  that  the  direct  effects  of 
eccentricity  must  thus  be  nearly  neutralised.^  As  a  like  verdict  was 
afterwards  given  by  Arago,  Humboldt,  and  others,  geologists  were 
satisfied  that  no  important  change  of  climate  could  be  attributed  to 
change  of  eccentricit3^ 

It  is  to  the  luminous  memoirs  of  Dr.  James  CroU  that  geology  is 

indebted  for  the  first  fruitful  suggestion  in  this  matter,  and  for  the 

subsequent  elaborate  development  of  the  whole  subject  of  the  physical 

causes  on  which  climate  depends.*    He  has  been  good  enough  to  draw 

'  UJ3  the  following  abstract  of  them  for  the  present  work. 

"  Assuming  the  mean  distance  of  the  sum  to  be  92,400,000  miles, 
then  when  the  eccentricity  is  at  its  superior  limit,  •  07775,  the  distance 
of  the  sun  from  the  earth,  when  the  latter  is  in  the  aphelion  of  its  orbit, 

*  In  Lyell's  'Principles  of  Geology,'  this  doctrine  of  the  influence  of  geographical 
changes  is  maintained. 

*  Trans,  Geol  Soc.  vol.  iii.  p.  293  (2nd  series). 

»  *  Cabinet  Cyclopiedia,'  sec  315 ;  *  Outlines  of  Astronomy/  sec.  368. 

*  His  researches  will  be  found  in  detail  in  his  Yolume  *  Climate  and  Time,'  1875. 
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in  no  leas  than  99,584,100  miles,  and  when  in  the  perihelion  it  is  only 
85,215,900  miles.  The  earth  is,  therefore,  14,368,200  miles  farther  from 
the  sun  in  the  former  than  in  the  latter  position,  The  direct  heat  of  the 
sun  being  inversely  as  the  square  of  the  distance,  it  follows  that  the 
amount  of  heat  received  by  the  earth  in  these  two  positions  will  bo  as 
19  to  26.  The  present  eccentricity  being  '0168,  the  earth's  distance 
during  our  northern  winter  is  90,847,680  miles.  Suppose  now  that, 
from  the  precession  of  the  equinoxes,  winter  in  our  northem  hemisphere 
should  happen  when  the  earth  is  in  the  aphelion  of  its  orbit,  at  the  time 
that  the  orbit  is  at  its  greatest  eccentricity ;  the  earth  would  then  be 
8,736,420,  miles  farther  from  the  sun  in  winter  than  it  is  at  present. 
The  direct  heat  of  the  sun  would  therefore,  during  winter,  be  one-fifth 


N.P. 


NJ>. 


*V.  WiiUtr  Solstice  in  Aphelion.  y.  Wintmr  Solstice  in  Perihelion. 

Fig.  1.— Eccentricity  of  the  Earth's  Orbit  in  Relation  to  aimatc. 

loss  and  during  summer  one-fifth  greater  than  now.  This  enormous 
difference  would  necessarily  affect  the  climate  to  a  very  great  extent. 
Were  the  winters  under  those  circumstances  to  occur  when  the  earth  was 
in  the  perihelion  of  its  orbit,  the  earth  would  then  bo  14,308,200  miles 
nearer  the  sun  in  winter  than  in  summer.  In  this  case  the  difference 
between  winter  and  summer  in  our  latitudes  would  bo  almost  annihilated. 
But  as  the  winters  in  the  one  hemisphere  correspond  with  tho  flummers 
in  the  other,  it  follows  that  while  the  one  hemisphere  would  be  enduring 
the  greatest  extremes  of  summer  heat  and  winter  cold,  the  other  would 
]je  enjoying  perpetual  summer. 

*'  It  is  quite  true  that,  whatever  may  be  tho  eccentricity  of  the  earth's 
orbit,  the  two  hemispheres  must  receive  equal  quantities  of  heat  per 
annum ;  for  proximity  to  the  sun  is  exactly  compensated  by  the  effect  of 
swifter  motion.  The  total  amount  of  heat  received  from  the  sun 
between  the  two  equinoxes  is,  therefore,  the  same  in  both  halves  of  the 
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year,  whatovor  tho  ocoentricity';  of  tho  earth's  orbit  may  be.  Por 
example,  whatever  extra  heat  the.  Houthem  hemisphere  may  at  present 
receive  per  day  from  the  sun  during  its  summer  months,  owing  to 
greater  proximity  to  the  sun,  is  exactly  compensated  by  a  corresponding 
loss  arising  from  the  shortness  of  the  season ;  and,  on  the  other  hand, 
whatever  deficiency  of  heat  we  in  the  northern  hemisphere  may  at 
present  have  per  day  during  our  summer  half-year,  in  consequence  of 
the  earth's  distance  from  the  sun,  is  also  exactly  compensated  by  a  corre* 
spending  length  of  season. 

*'  It  is  well  known,  however,  that  those  simple  changes  in  the  summer 
and  winter  distances  would  not  alone  produce  a  glacial  epoch,  and  that 
physicists,  confining  their  attention  to  the  purely  astronomical  effects, 
were  perfectly  correct  in  affirming  that  no  increase  of  eccentricity  of  the 
earth's  orbit  could  account  for  that  epoch.  But  the  important  fact  was 
overlooked  that,  although  the  glacial  epoch  could  not  result  directly 
from  an  increase  of  eccentricity,  it  might  nevertheless  do  so  indirectly 
from  physical  agents  that  were  brought  into  operation  as  a  result  of 
an  increase  of  eccentricity.  The  following  is  an  outline  of  what  these 
physical  agents  were,  how  they  were  brought  into  operation,  and  the 
way  in  which  they  may  have  led  to  the  glacial  epoch. 

**  With  tho  eccentricity  at  its  superior  limit  and  the  winter  occurring 
in  the  aphelion,  tho  earth  would,  as  we  have  seen,  be  8,736,420  miles 
farther  from  the  sun  during  that  season  than  at  present.  The  reduction 
in  tho  amount  of  heat  received  from  the  sun  owing  to  his  increased 
distance,  would  lower  the  midwinter  temperature  to  an  enormous  extent. 
In  temperate  regions  the  greater  portion  of  the  moisture  of  ^e  air  is  at 
present  precipitated  in  the  form  of  rain,  and  the  very  small  portion 
which  falls  as  snow  disappears  in  the  course  of  a  few  weeks  at  most. 
But  in  the  circumstances  under  consideration,  the  mean  winter- 
temperature  would  be  lowered  so  much  below  the  freezing  point  that 
what  now  falls  as  rain  during  that  season,  would  then  fall  as  snow. 
This  is  not  all ;  the  winters  would  then  not  only  be  cooler  than  now, 
but  they  would  also  be  much  longer.  At  present  the  winters  are  nearly 
eight  days  shorter  than  the  summers ;  but  with  the  eccentricity  at  its 
superior  limit  and  the  winter  solstice  in  aphelion,  the  length  of  tho 
winters  would  exceed  that  of  tho  summers  by  no  fewer  than  thirty-six 
days.  The  lowering  of  the  temperature  and  the  lengthening  of  the 
winter  would  both  tend  to  the  same  effect,  viz.,  to  increase  tho  amount 
of  snow  accumulated  during  the  winter ;  for,  other  things  being  equal, 
the  longer  the  snow-accumulating  period,  the  greater  the  accumulation. 
It  may  be  remarked,  however,  that  the  absolute  quantity  of  heat 
received  during  winter  is  not  affected  by  the  decrease  in  the  sun's  heat 
for  the  additional  length  of  the  season  compensated  for  this  decrease.* 
As  regards  the  absolute  amount  of  heat  received,  increase  of  the  sun's 

*  When  the  occeutricity  is  at  its  superior  limit,  the  absolute  quantity  of  heat  received 
by  tho  earth  during  the  year  is,  however,  about  one  three-hundredth  part  greater  than 
at  present    But  this  does  not  affect  the  question  at  issue. 
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diHtance  and  lengthening  of  the  winter  are  compensatory,  but  not  bo 
in  regard  to  the  amount  of  snow  accumulated.  The  consequence  of  this 
state  of  things  would  be  that,  at  the  commencement  of  the  short  summer, 
the  ground  would  be  covered  with  the  winter's  accumulation  of  snow. 
Again,  the  presence  of  so  much  snow  would  lower  the  summer  tem- 
perature, and  prevent  to  a  great  extent  the  melting  of  the  snow. 

"There  are  three  separate  ways  whereby  accumulated  masses  of 
snow  and  ice  tend  to  lower  the  summer  temperature,  viz, : — 

'*  Firsty  By  means  of  direct  radiation.  No  matter  what  the  intensity 
of  the  son's  rays  may  be,  the  temperature  of  snow  and  ice  can  never  rise 
above  32®.  Hence,  the  presence  of  snow  and  ice  tends  by  direct 
radiation  to  lower  the  temperature  of  all  surrounding  bodies  to  32°.  In 
Greenland,  a  country  covered  with  snow  and  ice,  the  pitch  has  Ijeen  seen 
to  melt  on  the  side  of  a  ship  exposed  to  the  direct  rays  of  the  sun,  while 
at  the  same  time,  the  surrounding  air  was  far  below  the  freezing  point ; 
a  thermometer  exposed  to  the  direct  radiation  of  the  sun  has  been  observed 
to  stand  above  100°,  while  the  air  surrounding  the  instrument  was 
actually  12°  below  the  freezing-point.  A  similar  experience  has  been 
recorded  by  travellers  on  the  snow-fields  of  the  Alps.  These  results, 
surprising  as  they  no  doubt  appear,  are  what  we  ought  to  expect  under 
the  circumstances.  Perfectly  dry  air  seems  to  be  nearly  incapable  of 
absorbing  radiant  heat.  The  entire  radiation  passes  through  it 
almost  without  any  sensible  absorption.  Consequently  the  pitch  on  the 
side  of  the  ship  may  be  melted,  or  the  bulb  of  the  thermometer  raised  to 
a  liigh  temperature  by  the  direct  rays  of  the  sun,  while  the  surrounding 
air  remains  intensely  cold.  The  air  is  cooled  by  contact  with  the 
snow-covered  ground,  but  is  not  heated  by  the  radiation  from  the  sun. 

"When  the  air  is  charged  with  aqueous  vapour,  a  similar  cooling 
effect  also  takes  place,  but  in  a  slightly  different  way.  Air  charged 
with  aqueous  vapour  is  a  good  absorber  of  radiant  heat,  but  it  can 
ouly  absorl)  those  rays  which  agree  with  it  in  period.  It  so  happens 
that  rays  from  snow  and  ice  are,  of  all  others,  those  which  it  al>sorbs 
best.  The  humid  air  will  absorb  tlie  total  radiation  from  the  snow  and 
ice,  but  it  will  allow  the  greater  part  of,  if  not  nearly  all,  the  sun's  rays 
t«)  pass  unabsorlx)d.  But  during  the  day,  when  the  sun  is  shining,  the 
radiation  from  the  snow  and  ic^  to  the  air  is  negative;  that  is,  the 
Huow  and  ice  cool  the  air  by  radiation.  The  result  is,  the  air  is  cooled 
by  radiation  from  the  snow  and  ice  (or  rather,  wc  should  say,  to  the 
snow  and  ice)  more  rapidly  than  it  is  heated  by  the  sun  ;  and  as  a 
consequence,  in  a  country  like  Greenland,  covered  with  au  icy  mantle, 
tlie  temperature  of  the  air,  even  during  summer,  seldom  rises  above  the 
freezing-j)oint.  Snow  is  a 'good  reflector,  l)ut  as  simple  reflection  does 
not  change  the  character  of  the  rays,  they  would  not  be  absorbed  by  the 
air,  but  would  pass  into  stellar  space.  Were  it  not  for  the  ice,  the 
summers  of  North  Greenland,  owing  to  the  continuance  of  the  sun 
above  the  horizon,  would  be  as  warm  as  those  of  England  ;  but  instead 
of  this,  the  Greenland  summers  are  colder  than  our  -winters.     Cover 
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India  with  an  ice  sheet,  and  its  summers  would  be  colder  than  those  of 
England. 

"  Second^  Another  cause  of  the  cooling  effect  is  that  the  rays  which 
fall  on  snow  and  ice  are  to  a  great  extent  reflected  back  into  space. 
But  those  that  are  not  reflected,  but  absorbed,  do  not  raise  the  tem- 
perature, for  they  disappear  in  the  mechanical  work  of  melting  the  ice. 
For  whatsoever  may  be  the  intensity  of  the  sun's  heat,  the  surface  of 
the  ground  will  bo  kept  at  32°  so  long  as  the  snow  and  ice  remain 
unmelted. 

"  Thirds  Snow  and  ice  lower  the  temperature  by  chilling  the  air  and 
condensing  the  vapour  into  thick  fogs.  The  great  strength  of  the  sun's 
rays  during  summer,  due  to  his  nearness  at  that  season,  would,  in  the 
first  place  tend  to  produce  an  increased  amount  of  evaporation.  But  the 
presence  of  snow-clad  mountains  and  an  icy  sea  would  chill  the 
atmosphere  and  condense  the  vapour  into  thick  fogs.  The  thick  fogs 
and  cloudy  sky  would  effectually  prevent  the  sun's  rays  from  reaching 
the  earth,  and  the  snow,  in  consequence,  would  i-emain  unmelted  during 
the  entire  summer.  In  fact,  we  have  this  very  condition  of  things 
exemplified  in  some  of  the  islands  of  the  Southern  Ocean  at  the  present 
day.  Sandwich  Land,  which  is  in  the  same  parallel  of  latitude  as  the 
north  of  Scotland,  is  covered  with  ice  and  snow  the  entire  summer ;  and 
in  the  island  of  South  Georgia,  which  is  in  the  same  parallel  as  the  centre 
of  England,  the  perpetual  snow  descends  to  the  very  sea-beach.  Captain 
Sir  James  Boss  found  the  perpetual  snow  at  the  sea-level  at  Admiralty 
Inlet,  South  Shetland,  in  lat.  64° ;  and  while  near  this  place  the  thermo- 
meter in  the  very  middle  of  summer  fell  at  night  to  23°  P.  The 
reduction  of  the  sun's  heat  and  lengthening  of  the  winter,  which  would 
take  place  when  the  eccentricity  is  near  to  its  superior  limit  and  the 
winter  in  aphelion,  would  in  this  country  produce  a  state  of  things 
perhaps  as  bad  as,  if  not  worse  than,  that  which  at  present  exists  in  South 
Georgia  and  South  Shetland. 

"  The  cause  which  above  all  others  must  tend  to  produce  great 
changes  of  climate,  is  the  deflection  of  great  ocean  currents.  A  high 
condition  of  eccentricity  tends,  we  have  seen,  to  produce  an  accumu- 
lation of  snow  and  ice  on  the  hemisphere  whoso  winters  occur  in 
aphelion.  The  accumulation  of  snow,  in  turn,  tends  to  lower  the 
summer  temperature,  cut  off  the  sun's  rays,  and  retard  the  melting 
of  the  snow.  In  short,  it  tends  to  produce,  on  that  hemisphere,  a 
Btiite  of  glaciation.  Exactly  opposite  effects  take  place  on  the  other 
liemispliero,  which  has  its  winter  in  perihelion.  Thei-e  the  short- 
ness of  the  winters,  combined  with  the  high  temperature  arising 
from  tho  nearness  of  the  sun,  tends  to  prevent  the  accumulation  of 
Know.  Tho  general  result  is  thit  tlie  one  hemisphere  is  cooled  and  the 
other  heated.  This  state  of  things  now  brings  into  play  the  agencies 
which  lead  to  the  deflection  of  the  Gulf-stream  and  other  great  ocean 
currents. 

*'  Owiug   to  the  great  difference  between  the  temperature  of  the 
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equator  and  tho  poles,  there  is  a  constant  flow  of  air  from  the  poles  to 
the  equator.  It  is  to  this  that  the  trade-winds  owe  their  existence. 
Now,  Bs  the  strength  of  these  winds  will,  as  a  general  rule,  depend  upon 
the  difference  of  temperature  that  may  exist  between  the  equator  and 
higher  latitudes,  it  follows  that  the  trades  on  the  cold  hemisphere  will 
be  stronger  than  those  on  the  warm.  When  the  polar  and  temperate 
regions  of  the  one  hemisphere  are  covered  to  a  large  extent  with  snow 
and  ioe,  the  air,  as  we  have  just  seen,  is  kept  almost  at  the  freezing-point 
during  both  summer  and  winter.  The  trades  on  that  hemisphere  will, 
of  necessity,  be  exceedingly  powerful ;  while  on  the  other  hemisphere, 
where  there  is  comparatively  little  snow  or  ice,  and  the  air  is  warm,  the 
trades  will  consequently  be  weak.  Suppose  now  tho  northern  hemi- 
sphere to  be  the  cold  one.  The  north-east  trade- winds  of  this  hemisphere 
will  far  exceed  in  strength  the  south-east  trade-winds  of  the  southern 
hemisphere.  The  median  line  between  the  trades  will  consequently  lie 
to  a  very  considerable  distance  to  the  south  of  the  equator.  We  have  a 
good  example  of  this  at  the  present  day.  The  difference  of  temperature 
between  the  two  hemispheres  at  present  is  but  trifling  to  what  it  would 
be  in  the  case  under  consideration ;  yet  we  find  that  the  south-east 
trades  of  the  Atlantic  blow  with  greater  force  than  the  north-east  trades, 
sometimes  extending  to  10°  or  15°  N.  lat.,  whereas  the  north-east  trades 
seldom  blow  south  of  the  equator.  The  effect  of  the  northern  trades 
blowing  across  the  equator  to  a  great  distance  will  be  to  impel  the  wann 
water  of  the  tropics  over  into  the  Southern  Ocean.  But  this  is  not  all ; 
not  only  would  the  median  line  of  tho  trades  be  shifted  southwards,  but 
the  great  equatorial  currents  of  the  globe  would  also  bo  shifted  south- 
wards. 

*'  Let  us  now  consider  how  this  would  affect  the  Gulf-stream.  The 
South  American  continent  is  shaped  somewhat  in  the  form  of  a  triangle 
with  one  of  its  angular  corners,  called  Capo  St.  Ko(j[Uo,  pointing 
eastwards.  The  equatorial  current  of  the  Atlantic  impinges  against  this 
comer ;  but  as  the  greater  portion  of  the  current  lies  a  little  to  the  north 
of  the  corner,  it  flows  westward  into  the  Gulf  of  Mexico  and  forms  the 
Gulf-stream.  A  considerable  portion  of  the  water,  however,  strikes  the 
land  to  tho  south  of  the  capo,  and  is  deflected  along  the  shore  of  Brazil 
into  the  Southern  Ocean,  forming  what  is  known  as  tho  Brazilian 
current.  Now,  it  is  obvious  that  tho  shifting  of  the  equatorial  current 
of  the  Atlantic  only  a  few  degrees  to  the  south  of  its  present  position — a 
thing  which  would  certainly  take  place  under  the  conditions  which  we 
have  been  detailing — would  turn  the  entire  current  into  the  Brazilian 
branch,  and  instead  of  flowing  chiefly  into  the  Gulf  of  Mexico,  as  at 
y»reijent,  it  would  all  flow  into  tho  Southern  Ocean,  and  the  Gulf-stream 
would  consequently  >)e  stopped.  The  stoppage  of  the  Gulf-stream, 
combined  with  all  those  causes  which  we  have  just  been  considering, 
would  place  Europe  under  a  glacial  condition,  while  at  the  same  time 
the  temperature  of  the  Southern  Ocean  would,  in  consequence  of  the 
enormous  quantity  of    warm    water    received,   have    its  temperature 
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(already  high  from  other  causes)  raised  enormously.  And  what  holds 
true  in  regard  to  the  currents  of  the  Atlantic  holds  also  true,  though 
perhaps  not  to  the  same  extent,  of  the  currents  of  the  Pacific. 

'*If  the  breadth  of  the  Gulf-stream  be  taken  at  50  miles,  its  depth 
at  1000  feet,  its  mean  velocity  at  2  statute  miles  an  hour,  the  tempera- 
ture of  the  water  when  it  leaves  the  Gulf  at  65°,  and  the  return  current 
at  40^  F.,^  then,  the  quantity  of  heat  conveyed  into  the  Atlantic  by  this 
stream  is  equal  to  one-fourth  of  all  the  heat  received  from  the  sun  by 
that  ocean  from  the  Tropic  of  Cancer  to  the  Arctic  Circle.^  From 
principles  discussed  at  considerable  length  in  *  Climate  and  Time '  it  is 
shown  that,  but  for  the  Gulf- stream  and  other  currents,  London  would 
have  a  mean  annual  temperature  40^  lower  than  at  present. 

"  But  there  is  still  another  cause  which  must  be  noticed : — a  strong 
undercurrent  of  air  from  the  north  implies  an  equally  strong  upjKjr 
current  to  the  north.  Now  if  the  effect  of  the  undercurrent  would  be  to 
impel  the  warm  water  at  the  equator  to  the  south,  the  effect  of  the 
upper  current  would  be  to  carry  the  aqueous  vapour  formed  at  the 
equator  to  the  north ;  the  upper  current,  on  reaching  the  snow  and  ice  of 
temperate  regions,  would  deposit  its  moisture  in  the  form  of  snow ;  so 
that  it  is  probable  that,  notwithstanding  the  great  cold  of  the  glacial 
epoch,  the  quantity  of  snow  falling  in  the  northern  regions,  would  bo 
enormous.  This  would  be  particularly  the  case  during  summer,  when 
the  earth  would  be  in  the  perihelion  and  the  heat  at  the  equator  great. 
The  equator  would  be  the  furnace  where  evaporation  would  take  place, 
and  the  snow  and  ice  of  temperate  regions  would  act  as  a  condenser. 

"  The  foregoing  considerations,  as  well  as  many  others  which  might 
be  stated,  lead  to  the  conclusion  that,  in  order  to  raise  the  mean 
temperature  of  the  globe,  water  should  be  placed  along  the  equator,  and 
not  landy  as  was  contended  by  Sir  Charles  Lyell  and  others.  For  if  land 
\)o  placed  at  the  equator,  the  possibility  of  conveying  the  sun's  heat 
from  the  equatorial  regions  by  means  of  ocean  currents  is  prevented."  ^ 

Inter-Glacial  Periods. — Allusion  has  already  been  made  to  the 
accumulating  evidence  that  changes  of  climate  have  been  recurrent,  and 
to  the  deduction  from  this  alternation  or  perimlicity  that  they  have 
probably  been  due  to  some  general  or  cosmical  cause.  Dr.  Croll  has 
ingeniously  shown  that  every  long  cold  period  arising  in  each  hemis- 

•  Sir  Wyville  Thomson  states  that  in  May,  1873,  the  Chalhmger  cxpetlitiou  found 
the  (iulf-streani,  at  tho  point  where  it  was  crosswl,  to  l)o  alxmt  sixty  miles  in  widtli, 
KM)  fathoms  (lr<;i),  and  flowinp:  at  the  mte  of  three  knots  i)er  hour.  This  makes  the 
volume  of  the  strenm  one-fifth  fjreater  than  the  aljove  estimate. 

'^  The  (juantity  of  heat  conveyed  by  the  Gulf-stream  for  distribution  is  oquul  to 
77,479,t>o0,000,00(),()0(),()0()  foot-pounds  i)er  day.  The  quantity  received  from  the  sun 
by  tho  North  Atlantic  is  310,923,000,000,000,000,000  foot-pounds.  «CUnmto  and 
Time,'  chap.  ii. 

*  That  cllmato,  however,  may  be  considerably  affected  by  changes,  such  as  are  known 
to  havo  taken  place  in  the  distribution  of  land  and  sea,  must  bo  frankly  conceded. 
This  has  been  recently  cogently  argued  by  Mr.  Wallace  in  his  *  Island  liife,*  1880.  Mr. 
CtoII'b  yiews,  summarised  above,  have  recently  l)oen  adversely  criticised  by  Prof. 
Newcomhe,  for  whose  papers  and  Mr.  CroU's  replies  see  A  met.  Joum.  Seicnce^  1876, 
1883,  1881. 
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phere  from  the  circumstances  sketched  in  the  preceding  pages,  must 
have  been  interrupted  by  several  shorter  warm  periods. 

**  When  the  one  hemisphere,"  ho  says,  "  is  under  glaciation,  the  other 
is  enjoying  a  warm  and  equable  climate.  But,  owing  to  the  precession 
of  the  equinoxes,  the  condition  of  things  on  the  two  hemispheres  must  bo 
reversed  every  10,000  years  or  so.  When  the  solstice  passes  the  aphelion, 
a  contrary  process  commences;  the  snow  and  ice  gradually  begin  to 
diminish  on  the  cold  hemisphere  and  to  make  their  appearance  on  the 
other  hemisphere.  The  glaciated  hemispliero  turns  by  degrees  warmer, 
and  the  warm  hemisphere  colder,  and  this  continues  to  go  on  for  a  period 
of  ten  or  twelve  thousand  years,  until  the  winter  solstice  reaches  the 
I)erihelion.  By  this  time  the  conditions  of  the  two  hemispheres  have 
been  reversed ;  the  formerly  glaciated  hemisphere  has  now  become  the 
warm  one,  and  the  warm  hemisphere  the  glaciated.  The  transference 
of  the  ice  from  the  one  hemisphere  to  the  other  continues  as  long 
as  the  eccentricity  remains  at  a  high  value.  It  is  probable  that,  during 
the  warm  inter-glacial  periods,  Greenland  and  the  Arctic  regions  would 
be  comparatively  free  from  snow  and  ice,  and  enjoying  a  temperate  and 
equable  climate," 
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BOOK  IL 

GEOGNOSY. 

AN  INVESTIGATION  OF  THE  MATERIALS  OP  THE  EABTITS 

SUBSTANCE. 

Part  I. — A  General  Description  of  the  Parts  of  the  Earth. 

A  DISCUSSION  of  tho  geological  changes  which  our  planet  has  nndeigono, 
ought  to  be  preceded  by  a  study  of  the  materials  of  which  the  planet 
consists.     This  latter  branch  of  inquiry  is  termed  Geognosy. 

Viewed  in  a  broad  way,  the  earth  may  be  considered  as  consisting 
of  (1)  two  envelopes, — an  outer  one  of  gas,  completely  surrounding  tho 
planet,  and  an  inner  one  of  water,  covering  about  three-fourths  of  the 
globe ;  and  (2)  a  globe,  cool  and  solid  on  its  surface,  but  possessing  a 
liigh  internal  temperature. 

I. — The  Envelopes, 

It  is  certain  that  the  present  gaseous  and  liquid  envelopes  of  the 
planet  form  only  a  portion  of  the  original  mass  of  gas  and  water  with 
which  the  globe  was  invested.  Fully  a  half  of  the  outer  shell  or  crust  of 
the  earth  consists  of  oxygen,  which,  there  can  be  no  doubt,  once  existed 
in  the  atmosphere.  The  extent,  likewise,  to  which  water  has  been 
abstracted  by  minerals  is  almost  incredible.  It  has  been  estimated  that 
already  one-third  of  the  whole  mass  of  the  ocean  has  been  thus  absorbed. 
Eventually  tho  condition  of  the  planet  will  probably  resemble  that  of 
the  moon — a  globe  without  air,  or  water,  or  life  of  any  kind. 

1.  The  Atmosphere. — The  gaseous  envelope  to  which  the  name  of 
atmosphere  is  given,  extends  to  a  distance  of  perhaps  500  or  600  miles 
from  the  earth's  surface,  possibly  in  a  state  of  extreme  tenuity  to  a 
still  greater  height.  But  its  thickness  must  necessaril}'-  vary  with  lati- 
tude and  changes  in  atmospheric  pressure.  The  layer  of  air  lying  over 
the  poles  is  not  so  deep  as  that  which  surrounds  the  equator. 

Many  speculations  have  been  made  regarding  the  chemical  composition 
of  the  atmosphere  during  former  geological  periods.  There  can  indeed 
be  no  doubt  that  it  must  originally  have  differed  very  greatly  from  its 
present  conditicnu'  Besides  the  abstraction  of  the  oxygen  which  now 
forms  folly  a  half  of  the  outer  crust  of  the  earth,  the  vast  lieds  of  coal 
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found  all  over  the  world,  in  geological  formations  of  many  different  ages, 
doubtless  represent  so  much  carbon-dioxide  (carbonic  acid)  once  present 
in  the  air.  According  to  Sterry  Hunt,  the  amount  of  carbonic  acid 
absorbed  in  the  process  of  rock-decay,  and  now  represented  in  the  form 
of  carbonates  in  the  earth's  crust,  probably  equals  two  hundred  times  the 
present  volume  of  the  entire  atmosphere.^  The  chlorides  in  the  sea, 
likewise,  were  probably  carried  down  out  of  the  atmosphere  in  the 
primitive  condensation  of  aqueous  vapour.  It  has  often  been  stated 
that,  daring  the  Carboniferous  period,  the  atmosphere  must  have  been 
warmer  and  with  more  aqueous  vapour  and  carbon-dioxide  in  its  com- 
position than  at  the  present  day,  to  admit  of  so  luxuriant  a  flora  as  that 
from  which  the  coal-seams  were  formed.  There  seems,  however,  to  be  at 
present  no  method  of  arriving  at  any  certainty  on  this  subject. 

As  now  existing,  the  atmosphere  is  considered  to  be  normally  a 
mechanical  mixture  of  nearly  4  volumes  of  nitrogen  and  1  of  oxygon 
(N  79*4,  0  20' 6),  with  minute  proportions  of  carbon-dioxide  and 
water- vapour  and  still  smaller  quantities  of  ammonia  and  the  powerful 
oxidising  agent,  ozone.  These  quantities  are  liable  to  some  variation 
according  to  locality.  The  mean  proportion  of  carbon-dioxide  is  about  3*5 
parts  in  every  10,000  of  air.  In  the  air  of  streets  and  houses  the  pro- 
portion of  oxygen  diminishes,  while  that  of  carbon-dioxide  increases. 
According  to  the  researches  of  Angus  Smith,  verj'-  pure  air  should 
contain  not  less  than  20*99  per  cent,  of  oxygen,  with  0*030  of  carbon- 
dioxide  ;  but  he  found  impure  air  in  Manchester  to  have  only  20*2 1  of 
oxygen,  while  the  proportion  of  carbon-dioxide  in  that  city  during  fog 
was  ascertained  to  rise  sometimes  to  0*0679  and  in  the  pit  of  the  theatre 
to  the  very  large  amount  of  0*2734.  As  plants  absorb  carbon- dioxide 
during  the  day  and  give  it  off  at  night,  the  quantity  of  this  gas  in  the 
atmosphere  oscillates  between  a  maximum  at  night  and  a  minimum 
during  the  day.  During  the  part  of  the  year  when  vegetation  is  active, 
it  is  Ixjlieved  that  there  is  at  least  10  per  cent,  more  carbonic  acid  in 
the  air  of  the  open  country  at  night  than  in  the  day.^  Small  as 
the  normal  percentage  of  this  gas  in  the  air  may  seem,  yet  the  total 
amount  of  it  in  the  whole  atmosphere  probably  exceeds  what  would  be 
disengaged  if  all  the  vegetable  and  animal  matter  on  the  earth's  surface 
were  burnt. 

Tlie  other  substances  in  the  air  are  gases,  vapours,  and  solid  particles. 
Of  these  by  much  the  most  important  is  the  vapour  of  water,  which  is 
always  present,  but  in  very  variable  amount  according  to  temperature.^ 
It  is  this  vapour  which  chiefly  absorbs  radiant  heat.*      It  condenses  into 

»  Brit.  A9»oe.  Rep.  1878,  Sects,  p.  544. 

»  Prof.  G.  F.  ArmatroTig.     Froc.  Roy.  Soc.  xxx.  (1880),  p.  843. 

•  A  cubic  metre  of  air  at  the  frecziDg  point  can  liold  only  4*871  granimea  of  water- 
vapoar,  but  ut  40''  C.  can  tuko  up  50*70  gminmcs.  One  cubic  mile  of  air  satuniled  with 
vapour  at  35°  C.  will,  if  cooled  to  0°,  deposit  upwanls  of  140,000  tons  of  water  as  rain. 
RuBcoe  aod  Schorlemmer'a  *■  Chemistry/  i.  )).  452. 

*  Seo  TyndalVa  roaearches  which  established  this  important  function  of  the  aqueous 
vap(»ar  of  the  atmoaphere,  and  tlieir  confirmation  by  meteorological  observation.  S.  A. 
Hill,  Proe,  Rfrtj.  8or.  xxxiil  210,  435. 
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dew,  rain,  hail,  and  snow.  In  assuming  a  visible  form,  and  descending 
through  the  atmosphere,  it  takes  up  a  minute  quantity  of  air,  and  of  the 
different  substances  which  the  air  may  contain.  Being  caught  by  the 
rain,  and  held  in  solution  or  suspension,  these  substances  can  be  best 
examined  by  analysing  rain-water.  In  this  way,  the  atmospheric  gases, 
ammonia,  nitric,  sulphurous,  and  sulphuric  acids,  chlorides,  various  salts, 
solid  carbon,  inorganic  dust,  and  organic  matter  have  been  detected.  To 
the  fine  microscopic  dust  so  abundant  in  the  air,  great  importance  in 
the  condensation  of  vapour  has  recently  been  assigned.  (Book  III. 
Part  II.  Section  ii.) 

The  comparatively  small,  but  by  no  means  unimportant,  proportions 
of  these  minor  components  of  the  atmosphere  are  much  more  liable  to 
variation  than  those  of  the  more  essential  gases.  Chloride  of  sodium » 
for  instance,  is,  as  might  be  expected,  particularly  abundant  in  the  air 
l)ordering  the  sea.  Nitric  acid,  ammonia,  and  sulphuric  acid  appear  most 
conspicuously  in  the  air  of  towns.  The  organic  substances  present  in  the 
air  are  sometimes  living  germs,  such  as  probably  often  lead  to  the  pro- 
pagation of  disease,  and  sometimes  mere  fine  particles  of  dust  derived 
from  the  bodies  of  living  or  dead  organisms.^ 

As  a  geological  agent,  the  atmosphere  effects  changes  by  the  chemical 
reactions  of  its  constituent  gases  and  vapours,  by  its  varying  temperature, 
and  by  its  motions.  Its  functions  in  these  respects  are  described  in 
Book  in.  Part  II.  Section  i. 

2.  The  Oceans. — Bather  less  than  three-fourths  of  the  surface 
of  the  globe  (or  about  144,712,000  square  miles)  are  covered  by  the 
irregular  sheet  of  water  known  as  the  Sea.  Within  the  last  ten  years, 
much  new  light  has  been  thrown  upon  the  depths,  temperatures,  and  bio- 
logical conditions  of  the  ocean-basins,  more  particularly  by  the  Lighininffy 
Porcupine,  Cliallengsr,  Tuscarora,  Blake  and  Gazelle  expeditions  fitted  out 
by  the  British,  American  and  Grerman  Governments.  It  has  been  ascer- 
tained that  few  parts  of  the  Atlantic  Ocean  exceed  3000  fathoms,  the 
deepest  sounding  obta.incd  there  being  one  taken  about  100  miles  north 
from  the  island  of  St.  Thomas,  which  gave  3875  fathoms,  or  rather  less  than 
4J  miles.  The  Atlantic  appears  to  have  an  average  depth  in  its  more 
open  parts  of  from  2000  to  3000  fathoms,  or  from  about  2  to  3 J  miles. 
In  the  Pacific  Ocean  H.M.  Ship  Challenger  got  soundings  of  3950  and 
4475  fathoms,  or  about  4^  and  rather  more  than  5  miles.  Since  then  the 
U.S.  Ship  Tuscarora  obtained  a  still  deeper  sounding  (4655  fathoms),  to 
the  east  of  the  Eurile  Islands.  This  is  the  deepest  abyss  yet  found  in 
any  part  of  the  ocean.  But  these  appear  to  mark  exceptionally  abysmal 
depressions,  the  average  depth  being,  as  in  the  Atlantic,  between  2000 

• 
1  The  air  of  towns  is  peculiarly  rich  in  impurities,  especially  in  manufacturing  districU, 
whore  mnoh  coal  is  used.  These  impurities,  however,  though  of  serious  consequence  to 
the  towns  in  ft  sanitary  point  of  view,  do  not  sensihly  affect  the  general  atmosphere, 
seeing  thftfc  t^y  agg  probably  injneat  measure  taken  out  of  the  air  hy  rain,  even  in  tlio 
^^^^'^^'^^  ^riddi ||gj|iw  tiwpa.  Tkey  possess,  howeyor,  a  special  geological  significance, 
oniil  In  lM^iMH|iMyMliBB9ortaiit  eoonomio  hearings.  See  on  this  whole  suhjec^ 
ArijeaMaKlKKtKKf&        ^  account  of  Rain  in  Book  III.  Part  H.  8ect.  iL 
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and  8000  fathoms.  We  may  thoreforo  assume,  as  probably  not  far  from 
the  truth,  that  the  average  depth  of  the  sea  is  about  2,500  fathoms, 
or  nearly  3  miles.  Its  total  cubic  contents  will  thus  be  about  400  millions 
of  cubic  miles. 

With  regard  also  to  the  form  of  the  bottom  of  tlie  great  oceans,  much 
additional  information  has  recently  been  obtained.  Over  vast  areas 
in  the  central  regions,  the  sea-floor  appears  to  form  great  plains,  with 
comparatively  few  inequalities,  but  with  lines  of  submarine  ridges,  com- 
X>arablo  to  chains  of  hills  or  mountains  on  the  land.  Kccent  soundings, 
however,  taken  at  short  distances,  have  revealed,  in  parts  of  the  Atlantic 
that  were  supposed  to  be  deep  and  witli  a  tolerably  uniform  bottom,  sub- 
marine peaks  rising  to  within  50  fathoms  from  the  surface.^  A  vast  central 
ridge  has  also  been  traced  down  the  length  of  this  ocean,  from  which  a 
few  lonely  peaks  rise  above  sea-level — the  Azores,  St.  Paul,  Ascension,  and 
Tristan  d*Acunha.  In  the  Pacific  Ocean,  the  lines  of  coral-islands  ap2)ear 
to  rise  on  submarine  ridges,  having  a  general  north-westerly  and  south- 
easterly trend.  It  is  significant  that  the  islands  which  thus  appear  far 
from  any  large  mass  of  land  are  either  coral-reefs  or  of  volcanic  origin, 
and  contain  none  of  the  granites,  schists  and  other  ordinary  continental 
rocks.  St.  Helena  and  Ascension  in  the  Atlantic,  and  the  Friendly  and 
Sandwich  Islands  in  the  Pacific  Ocean  are  conspicuous  examples. 

Another  important  result  of  recent  deep-sea  research  is  the  determi- 
nation of  the  relation  of  mediterranean  seas  to  the  main  ocean.  These 
l^asins,  such  as  the  North,  Mediterranean,  and  Black  Seas,  the  Gulf  of 
^lexico,  Caribbean  Sea,  Baffin's  Bay,  Hudson's  Bay,  Sea  of  Okhotsk,  and 
< -hincse  Sea,  belong  rather  to  the  continental  than  the  oceanic  areas  of  the 
earth's  surface.  An  elevation  of  a  few  hundred  fathoms  would  convert 
Hiost  of  them  into  laud,  with  here  and  there  deep  water-tilled  basins. 

The  water  of  the  ocean  is  distinguished  from  ordinary  terrestrial 
waters  by  a  higher  specific  gravity,  and  the  presence  of  so  large  a  pro- 
j>ortion  of  saline  ingredients  as  to  impart  a  strongly  salt  taste.  The 
average  density  of  sea- water  is  about  1*026,  but  it  varies  slightly  in 
difterent  jmrts  even  of  the  same  ocean.  According  to  the  observations 
uf  J.  Y.  Buchanan  during  the  ChalleiKjer  ex2)edition,  some  of  the 
heaviest  sea-water  occurs  in  the  pathway  of  the  trade-winds  of  the 
North  Atlantic,  where  evaporation  must  be  comparatively  rapid,  a  density 
uf  1-02781  being  registered.  Where,  however,  large  rivers  enter  the 
sea,  or  where  there  is  much  melting  ice,  the  density  diminishes; 
Buchanan  found  among  the  broken  ice  of  the  Antarctic  Ocean  that 
it  had  sunk  to  1-02418.2 

The  greater  density  of  sea-water  depends,  of  course,  upon  the  salu 
wldch  it  contains  in  solution.  At  an  early  period  in  the  earth's  history, 
the  water  now  forming  the  ocean,  together  with  the  rivers,  lakes  and 
snowficlds  of  the  land,  existed  as  vapour,  in  which  were  mingled  many 
other    gases    and    vapours,    the    whole    forming    a    vast    atuiosphere 

'   Thnti,  7tli  Deer.  18«3.     [.).  Y.  lUiohanuu.J 
-  Uuclijuiau,  Vi'oc,  Jioij.  S(k:  (1S7(')«  vd.  xxiv. 
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surrounding  the  still  intensely  hot  glol^e.  Under  the  enormous  pressure 
(»f  the  primeval  atmosphere,  the  first  condensed  water  might  have  had 
the  temperature  of  a  didl  red  heat.*  In  condensing,  it  would  carry 
do^-n  with  it  many  substances  in  solution.  The  salts  now  present  in 
tjea- water  are  to  hci  regarded  as  principally  derived  from  the  primeval 
constitution  of  the  sea,  and  thus  we  may  infer  that  the  sea  has  always 
been  salt.  It  is  probable,  however,  that,  as  in  the  case  of  the  atmosphere, 
the  composition  of  the  ocean-water  has  acquired  its  present  character 
only  after  many  ages  of  slow  change,  and  the  abstraction  of  much  mineral 
matter  originally  contained  in  it.  There  is  evidence,  indeed,  among 
llic  geological  fonuations  that  large  quantities  of  lime,  silica,  chlorides, 
and  sulphates  have  in  the  coui>ic  of  time  been  removed  from  tho  sea.- 

](ut  it  is  manifciit  also  that,  whatever  may  have  K'eu  the  original 
rumpositiou  of  the  oi-eans,  they  have  for  a  vast  section  of  geological  time 
1>een  constantly  rueeiving  minenil  matter  in  solution  from  the  land. 
Every  spring,  brook,  and  river  removes  various  salts  from  tho  rucks 
over  which  it  moves,  and  these  substances,  thus  dissolved,  eventually 
find  their  way  into  the  sea.  Consequently  sea-water  ought  to  contain 
more  or  less  traceable  proportions  of  every  substance  which  the 
terrestrial  waters  can  remove  from  the  land,  in  short,  of  probably  every 
element  present  in  the  outer  shell  of  the  globe,  for  there  seems  to  be  no 
constituent  of  the  earth  which  may  not,  under  certain  circumstances,  bo 
held  in  solution  in  water,  ^loreover,  unless  there  be  some  counteracting 
process  to  remove  these  mineral  ingreilients,  the  ocean-water  ought  to  Ije 
growing,  insensibly  perhaps,  Salter,  for  the  supply  of  saline  matter  from 
the  land  is  incessant.  It  has  been  ascertained  indeed,  with  some 
approach  to  certainty,  that  the  salinity  of  the  Baltic  and  Mediterranean 
is  gradually  increasing.^ 

The  average  projwrtion  of  saline  constituents  in  the  water  of  tho 
great  oceans  far  from  land  is  about  three  and  a  half  }>arts  in  eveiy 
hundred  of  water.*  But  in  enclosed  seas,  receiving  much  fresh  water,  it 
is  greatly  reduced,  while  in  those  where  evaporation  predominates  it  is 
correspondingly  augmented.  Thus  the  Baltic  wat^r  contains  from  one- 
seventh  to  nearly  a  half  of  the  ordinary  proportion  in  ocean  water,  while 
the  Mediterranean  contains  sometimes  one-sixth  more  than  that  propor- 
tion. Forchhammer  has  shown  the  presence  of  the  follo\\^ng  twenty-- 
seven  elements  in  sea-water  :  oxygen,  hydrog-eu,  chlorine,  bromine, 
iodine,  fluorine,  sulphur,  phosphorus,  nitrogen,  carbon,  silicon,  boron, 
silver,  copi)er,  lead,  zinc,  cobalt,  nickel,  iron,  manganese,  aluminium, 

»  q,  J,  OtiJ,  Sor.  xxxvi,  Oi^O)  pp.  112, 117. 

'  Dr.  Sit-rry  Hunt  uven  snppofieii  th»t  the  saliue  watera  of  Canada  au<l  tlio  iiortlicrii 
suite's  ditiTL'  their  luiueral  ingzedicnts  frum  the  salts  still  rutaiued  amoug  tlie  sdUnienlfl 
Hi  id  predpitadrs  of  the  aia-ie  ut  aca  iu  which  the  earb'or  Pa]fix>ic»ic  rocks  were  dttpooitctl. 
— *  trtrokskal  and  Chemical  EMuyV  p.  lOi. 

■  ndu  in  W«tt|r«*  Dictionary  of  Chemisiry,*  v.  p.  1^^ 

*  Dittnn'a  wlilwMitt  nmntibm  on  the  aunplee  of  ocean  water  collected  by  the  Chal- 
lengtr  apedBloiti  ft^aw.  ObtA  tiie  lowoit  peroentage  of  salts  obtaiQe<l  was  3*301,  from 
Uk  mtiOShmimfMjAiggk^  Ooean,  tonth  of  kt.  66^,  whUe  the  highest  was  S'737, 
fi<  m  the  tamSmKKKKK^Mn^  at  about  lat  23^ 
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magnesium,  calcium,  strontium,  barium,  sodium,  and  potassium.^  To 
these  may  be  added  arsenic,  lithium,  caesium,  rubidium,  gold,  and 
probably  most  if  not  all  of  the  other  elements,  though  present  in  pro- 
portions too  minute  for  detection.  The  chief  constituents  have  been 
determined  by  Dittmar  to  be  present  in  the  proportions  shown  in  the 
first  column  of  the  subjoined  tables.  Assuming  them  to  occur  in  the 
combinations  shown  in  the  second  column,  they  are  present  in  the  average 
ratios  therein  stat^jd  ^  ; — 


I. 

Chlorine 55*292 

KromiDc 0188 

Sulplmric  acid,  W3     .      .      .  6410' 

Carbonic  acid,  CO..      .     .     .  0152 

Lime,  CaO  .."....  l-67(i 

Magnesia,  MgO     ....  6*209 

Potash,  KO 1-332 

Soda,  NajO 41*234 


II. 

Chloride  of  sodium     . 
Chloride  of  magueHiiim 
Sulphate  of  magaesia 
Sulphate  of  lime   . 
Sulphate  of  potash 
Bromide  of  magnesium 
Carbonate  of  lime.     • 


77*758 
10-878 
4-737 
O-600 
2-465 
0-217 
0-345 


Total  Salts    .     .  100000 


Subtract       Basic       Oxygen \  ^o.-qq 
equivalent  to  the  Halogens/  ^^*^^ 

Total  SalU     .     .  100-000 


Sea- water  is  appreciably  alkaline,  its  alkalinity  being  duo  to  the 
presence  of  carbonates,  of  which  carbonate  of  lime  is  one.^     In  addition 
to  its  salts  it  always  contains  dissolved  atmospheric  gases.     From  the 
researches  conducted  during  the  voyage  of  the  Bonite  in  the  Atlantic 
and  Indian  Oceans,  it  was  estimated  that  the  gases  in  100  volumes  of 
sea- water  ranged  from   1*85   to   3*04,  or   from   two  to  three  per  cent. 
Fdjui  observatious  made  during  the  Porcii}>ine  cruise  of  18 08,  it  was 
ascertained  that  the  proportion  of  oxygen  was  greatest  in  the  surface 
water,  and  least  in  the  bottom  water.     The  dissolved  oxygon  and  niti*o- 
^cn  are  doubtless   absorbed   from   the  atmosphere,  the  proportion   so 
aljsurlxMl  l>eing  mainly  regulated  by  temperature.     According  to  Ditt- 
niar's  recent  determinations,  a  litre  of  sea-water  at  0'^  C.  will  take  up 
15*00  cubic  centimetres  of  nitrogen  and  8-18  of  oxygen,  while  at  30°  C 
the  pixjportions  sink  respectively  to   8*30  and  4*17.     He   regards   the 
carlx)nic  acid  as  occurring  chiefly  as  carbonates,  its  presence  in  the  free 
state  being  exceptional.     During  the  voyage  of  the  Challenger^  Buchanan 
aiscertained  that  the  proportion  of  carbonic  acid  is  always  nearly  the 
Hame  for  similar  temperatures,  the  amount  in  the  Atlantic  surface  water, 
lietween  2(f  and  25"^  C,   being  00400   gramme  per  litre,  and  in  the 
burface  Pacific  water  00208 ;  and  that  sea-water  contains  sometimes  at 
least   tliirty  times  as  much  carbonic   acid  as  an  equal  bulk  of   fresh 

'  Forchhiuuuier,  PhU.  'Dans.  civ.  p.  205.  According  to  Thorpe  ami  Morton  (Cfiem.  Hin\ 
Jonni,  xxiv.  p.  .507),  the  water  of  the  Irish  Sea  contains  in  summer  rather  more  salti*  than 
in  winter.  In  1000  grammea  of  the  snmmer  water  of  the  Irish  Sea  they  found  0-04754 
grammcflof  cnrhomite  of  lime,  0-0050.T  of  ferrous  carbonate  and  traces  of  silicic  acid.  An 
exhauKtiyc  chemical  iuventigation  regarding  the  chemistry  of  ocean  water  is  that  by 
Dittmar  in  vol.  i.  *'  PhyHicH  and  Chemistry,'*  nt'porf  o/Voijatjc  0/  the  Challeutjer^  1884. 

•  Dittmar, nj*.  rit.  p.  203,  tt  M^q.  '  '       '  3  Dittmar,  op,  n't.  p.  200. 
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wjitor  wuiild  do.'  A  wippoBcd  greater  proportion  of  carbonic  acid  in 
the  deeper  and  colder  waters  of  the  ocean  lias  l>een  snggested  as  the 
main  cauee  of  the  diKippoaranco  of  tlie  largtT  and  more  delicate  cal- 
carooTUt  pelagic  orgaiiiBUis  from  abymiinl  depoaitfi,  these  forms  being 
luoru  readily  attacked  and  carried  away  in  solution ;  but  according 
to  Dittiuar,  even  alkaline  sea-wntcr,  if  given  Bofficient  time,  will 
take  \ii)  carlwrnate  of  lime  in  addition  to  what  it  already  coutainB,' 
Another  of  the  conBtituentB  of  sea-water  is  diffused  organic  mutter, 
derived  from  the  Itodiea  of  dead  plants  and  animals,  and  no  doubt  of 
great  importance  as  furniehiug  food  for  the  lower  grades  of  animal  life.= 

n.—The  S«m  Globe. 

Within  the  atmoaplieric  and  m-canic  envelopes  lies  the  inner  solid 
globe.  The  only  jwrtioii  of  it  whii-h,  rishig  above  tlio  sea,  is  visible 
to  us,  and  forms  what  wo  term  Tutud,  oeiuijies  rather  more  than  one- 
foTirtli  of  the  total  supcrEieieB  of  the  glolie,  or  about  5:i,000,000  wjaare 
miles. 

S  1.  The  Outer  Surface. — The  land  is  placed  chiefly  in  the  northern 
homisphore  and  is  disjtosed  in  large  masses,  or  continents,  which  taper 
southwards  to  about  half  the  distance  between  the  equator  and  the 
Kowth  pole.  No  adequate  cause  has  yet  been  assigned  for  the  present 
distribution  of  tho  land.  It  can  bo  shown,  however,  that  jMrtious  of 
the  coiitiiientH  are  of  extreme  gculogical  antiquity.  There  la  reason 
to  believe,  indeed,  that  the  present  terrestrial  areas  have  on  tho  whole 
been  land,  or  have,  at  least,  never  been  submerged  beneath  deep  water, 
from  tho  time  of  fho  earliciit  stratified  formations;  and  that,  on  the 
other  hand,  the  ocean-basins  have  ahvays  been  vast  areas  of  depression. 
This  subject  will  l>e  diseussed  in  subsequent  i>ages. 

In  fho  Kow  Wtirld,  tho  continental  trend  is  approximately  north 
aud  south ;  in  tho  Old  World,  though  less  distinctly  marked,  it  ranges 
on  tlie  whole  east  and  west.  The  intimate  relation  which  may  be 
observed  between  this  general  trend  and  the  direction  of  mountain 
i-hiiiiis,  is  best  exhibited  by  the  Amerieau  continent.  Euroi^e  and 
Africa  may  lie  considered  as  forming,  with  Asia,  the  vast  continental 
mass  of  the  Old  World.  The  existing  sevcram.'c  of  Africa  and  Euro{>e  is 
of  eoinparatively  recent  date.  On  the  other  hand,  Europe  and  Asia 
were  not  always  so  continuous  as  at  present.  But  even  where  the 
continents  of  the  Old  World  are  separated  by  sea,  the  intervening 
hollo\vB,  though  now  coverwl  by  oceau-water,  must  bo  reganled  as 
essentially  part  of  tho  continental  aveus.     Asia  is  linked  with  Australia 

W,.-    f.  -■                         ^          i.l;  I.)  ilr.  IViiw  f.Yor<eejj«iii  JforIA  ^Wa«(i«  Kt- 

ficiiili""    !-   '  '                               'I  tliu  racliuiixc  Hcid  of  BM-wnter  18  iucoubiiiutioti 

Willi  -"■'■  Ilia  niGiiKiir  for  nucitinute  of  tlic  iiruportiou  uf 

nir  hi  >.  Sminrf.,  XIt.  p.  3^ft,    Dittmw,  oj>.  rt).  p.  209. 

•   1  ■  iwTi,  lujtlc^Uieuniportloii  of  niguDiomnttcr.    AcMnliii'' 

■<>>«iMiK'<fUk8m£s|H'<litloi,,iS7S-S(L,  S.-)iiiu>lrl:,rAnu. 
)  <|in<1  jppHmalnlM  e.n.  nf  wukr, 
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by  a  chain  of  islands.  The  groat  contrast  between  the  Asiatic  and 
Australian  faunas,  however,  affords  good  grounds  for  the  belief  that,  at 
least  for  an  enormous  period  of  time,  Asia  and  Australia  have  been 
divided  by  an  important  barrier  of  sea. 

While  any  good  map  of  the  globe  enables  us  to  see  at  a  glance 
the  relative  positions  and  areas  of  the  continents  and  oceans,  most 
maps  fail  to  furnish  any  data  by  which  the  general  height  or  volume 
of  a  continent  may  be  estimated.  As  a  rule,  the  mountain-chains  are 
exaggerated  in  breadth,  and  incorrectly  indicated,  while  no  attempt  is 
made  to  distinguish  between  high  plateaux  and  low  plains.  In  North 
America,  for  example,  a  continuous  shaded  ridge  is  placed  down  the  axis 
of  the  continent  and  marked  "  Kocky  Mountains,"  while  the  vast  level 
or  gently  rolling  prairies  are  left  with  no  mark  to  distinguish  them  from 
the  maritime  plains  of  the  eastern  and  southern  states.  In  reality 
there  is  no  such  continuous  mountain-chain.  The  so-called  "Rocky 
Mountains"  consist  of  many  independent  and  sometimes  widely 
separated  ridges,  having  a  general  meridional  trend,  and  rising  above 
a  vast  plateau,  which  is  itself  4000  or  5000  feet  in  elevation.  It 
is  not  these  intermittent  ridges  which  really  form  the  great  mass  of 
the  land  in  that  region,  but  the  widely  extended  lofty  plateau,  or 
rather  succession  of  plateaux,  which  supports  them.  In  Europe,  also, 
the  Alps  form  but  a  subordinate  part  of  the  total  bulk  of  the  land. 
If  their  materials  could  be  spread  out  over  the  continent,  it  has  been 
calculated  that  they  would  not  increase  its  height  more  than  about 
twenty-one  fcet.^ 

Attempts  have  been  made  to  estimate  the  probable  aA'^orage  height 
which  would  be  attained  if  the  various  inequalities  of  the  land  could  be 
levelled  down.  Humboldt  estimated  that  the  mean  height  of  Europe 
must  be  about  C71,  of  Asia  1132,  of  North  America  748,  and  of  Soutli 
America  1151  feet.^  Herschel  supposed  the  mean  height  of  Africa  to  bo 
1800  feet.^  These  figures,  though  based  on  the  best  data  available  at 
the  time,  are  no  doubt  much  under  the  truth.  In  particular,  the  average 
height  assigned  to  North  America  is  evidently  far  less  than  it  should  be ; 
for  the  great  plains  west  of  the  Mississippi  valley  reach  an  altitude  of 
a>x>ut  5000  feet,  and  serve  as  the  platform  from  which  the  mountain 
ranges  rise.  The  height  of  Asia  also  is  obviously  much  greater  than 
this  old  estimate.     G.  Leipoldt  has  computed  the  mean  height  of  Europe 

>  M.  De  Lapparent  (*  Traits  de  G^ologie,*  p.  62)  gives  the  following  estimate  of  tlio 
relative  heights  of  different  continental  zones. 

Zont^    I.  (from  sea  level  to  200  metres)  covers  32  per  cent,  of  the  whole  surface. 
„     II.        „  200  „  500       „  19 

„   III.        „  500  ,,1000      „  28 

„    IV.        „  1000  ,,2000      „  IG 

„     V.        „         above  „  2000      „  5  „ 

100 
It  is  obviouB  that  in  the  total  bulk  of  a  continent  the  mountain-chains  count  for  quito 
a  subordinate  part. 

«  •  Asie  Centrale,'  torn.  1,  p.  168.  *  '  Physical  Georgaphy,*  p.  119. 
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to  be  296-838  nietres  (973*(>28  feet).^  According  to  a  recent  computation 
from  the  data  in  Stieler's  *  Atlas '  M.  A.  De  Lapparont  makes  the  mean 
height  of  the  land  of  the  globe  2120  feet,  which  is  double  what  it  has 
been  supposed  to  be.  He  estimates  the  mean  height  of  Europe  to  bo 
958  feet,  Asia,  2884,  Africa,  1975,  North  America,  1952,  and  South 
America,  1762.^  It  ip  of  some  consequence  to  obtain  as  near  an 
approximation  to  the  truth  in  this  matter  as  may  be  possible,  in 
order  to  furnish  a  means  of  comparison  between  the  relative  bulk  of 
dififorent  continents,  and  the  amount  of  material  on  which  geological 
changes  can  be  oflFected. 

The  highest  elevation  of  the  surface  of  the  land  is  the  summit  of 
Mount  Everest,  in  the  Himalaya  range  (29,002  feet);  the  deepest 
depression  not  covered  by  water  is  that  of  the  shores  of  the  Dead  Sea 
(1300  feet  below  sea-level).  There  are,  however,  many  subaqueous 
portions  of  the  land  which  sink  to  far  greater  depths.  The  bottom  of 
the  Ca8j)ian  Sea,  for  instance,  lies  about  3000  feet  below  the  general 
sea-level.  The  vertical  difference  between  the  maximum  height  of  the 
land  and  the  maximum  known  depth  of  the  sea  is  56,932  feet  or  nearly 
eleven  miles. 

There  are  two  conspicuous  junction-lines  of  the  land  with  its  over- 
lying and  surrounding  envelopes.  First  with  the  Air,  expressed  by 
the  contours  or  relief  of  the  land.  Second,  with  the  Sea,  expressed 
by  coast-lines. 

(1)  Contours  or  Belief  of  the  Land.  —  While  the  surface 
of  tlie  land  presents  endless  diversities  of  detail,  its  leading  features 
may  1x3  generalised  under  the  designations  of  mountains,  table-lands, 
plains. 

Mountains, — The  word  "mountain"  is,  properly  speaking,  not  a 
«cientific  term.  It  includes  many  forms  of  ground  utterly  different 
from  each  other  in  size,  shape,  structure,  and  origin.  It  is  popularly 
applied  to  any  considerable  eminence  or  range  of  heights,  but  the 
height  and  size  of  the  elevated  ground  so  designated  vary  indefinitely. 
In  a  really  mountainous  country  the  word  would  be  restricted  to 
the  loftier  masses  of  ground,  while  such  a  word  as  hill  would  1x3 
given  to  the  lesser  heights.  But  in  a  region  of  low  or  gently 
undulating  land,  where  any  conspicuous  eminence  becomes  important, 
the  term  mountain  is  lavishly  used-  In  Eastern  America  this 
habit  has  been  indulged  in  to  such  an  extent,  that  what  are,  so  to 
speak,  mere  hummocks  in  the  general  landscape,  are  dignified  by  the 
name  of  mountains. 

It  is  hardly  possible  to  gi^'e  a  precise  scientific  definition  to  a  term 
so   vaguely  employed   in  ordinary  language.     When   a  geologist  uses 

'  *  Die  Mittlcro  Hobo  Europas,'  Leipzig,  1874.  In  this  work  tlie  mean  height  of 
Switzerhind  is  put  down  as  1299-91  metres;  Spanish  i>enin8ula»  70060;  Austria,  517*87; 
Italy,  517-17;  Scandinavia,  428-10;  France,  393-84;  Great  Britain,  217-70;  German 
Empire,  213-6G ;  Russia,  167-09 ;  Belgium.  163-36 ;  Denmark  (exclusive  of  [oeland),  35-20; 
the  Netherlands  (exclusive  of  Luxembourg  and  the  tracts  below  sea-level),  9-61. 

»  *  Traits  de  Geologie/  p.  60. 
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the  word,  he  must  either  be  content  to  take  it  in  its  familiar  vague 
sense,  or  must  add  some  phrase  defining  the  meaning  which  he  attaches 
to  it.  He  finds  that  there  are  three  loading  and  totally  distinct  types 
of  elevation  which  are  all  popularly  termed  mountains.  1,  Single 
eminences,  standing  alone  uj^on  a  plain  or  table-land.  This  is  essentially 
the  volcanic  type.  The  huge  cones  of  Vesuvius,  Etna,  and  TenerifFe,  as  well 
as  the  smaller  ones  so  abundant  in  A^olcanic  districts,  are  examples  of  it. 
There  occur,  however,  occasional  isolated  eminences  that  stand  up  as 
remnants  of  once  extensive  rock-formations.  These  have  no  real 
analogy  with  volcanic  elevations,  but  should  be  classed  under  the 
next  lype.  The  remarkable  hntfcs  of  Western  America  are  good 
illustrations  of  them.  2.  Groups  of  eminences  connected  at  the  sides 
or  base,  often  forming  lines  of  ridge  between  divergent  valleys,  and 
owing  their  essential  forms  not  to  underground  structure  so  much 
as  to  superficial  erosion.  Many  of  the  more  ancient  uplands,  both  in 
the  Old  World  and  the  New,  furnish  examples  of  this  type,  such  as  the 
Highlands  of  Scotland,  the  hills  of  Cumberland  and  Wales,  the  high 
^)unds  between  Bohemia  and  Bavaria,  the  Laurentide  Mountains  of 
(^*anada,  and  the  Green  and  White  Mountains  of  Now  England.  3.  Lines 
of  lofty  ridge  rising  into  a  succession  of  more  or  less  distinct  summits,  their 
general  external  form  having  relation  to  an  internal  plication  of  their 
component  rocks.  These  linear  elevations,  whose  existence  and  trend 
have  been  determined  immediately  by  subterranean  movement,  are  the 
true  mountain-ranges  of  the  globe.  They  may  l)e  looked  upon  as  the 
rrest^  of  the  great  waves  into  which  the  crust  of  the  earth  has  been 
thrown.  All  the  great  mountain-lines  of  the  world  belong  to  this  type. 
Leaving  the  details  of  mountain-form  to  be  described  in  Book  VII., 
we  may  confine  our  attention  hero  to  a  few  of  the  more  important 
general  features.  In  elevations  of  the  third  or  true  mountain  type, 
there  may  Ik?  either  one  line  or  range  of  heights,  or  a  scries  of  parallel 
and  often  coalescent  ranges.  In  the  Western  Territories  of  the  UnitrMl 
Stites,  the  vast  plateau  has  been,  as  it  were,  wrinkled  by  the  ujirise  of 
long  intermittent  ridges,  with  broad  plains  and  basins  between  them. 
Each  of  these  forms  an  independent  mountain-range.  In  the  heart  of 
Europe,  the  Bernese  01>erland,  the  Pennine,  liC^pontine,  Ilhaetic,  and 
••ther  ranges  form  one  great  Alpine  chain  or  system. 

In  a  great  mountain-chain,  such  as  the  Alps,  Himalayas,  or  Andes, 

IW©  IB  one  general  i)ersi8tent  trend  for  the  successive  ridges.     Here 

iii\<l  there,  lateral  offsh(X)ts  may  diverge,  but  the  dominant  direction  of 

x\\*i  axifi  of  the  main  chain  is  generally  observed  by  its  component  ridges 

m\til  they  disappear.     Vet  while  the  general  parallelism  is  preserved, 

110  single  range  may  l>e  tracealde  for  more  than  a  comparatively  short 

•ViHtanee;  it  may  be  found  to  pass  insensibly  into  another,  while  a  tliird 

DWJ  be  seon  to  Ix^gin  on  a  slightly  different  line,  and  to  continue  with 

^H  name  dominant   trend   until  it    in    turn  becomes   confluent.     The 

^'^rioan  ranges  are  thus  apt  to  assume  an  arrangement  en  /'(Man, 

The  ranges  an?  separated  by  hngitudlvnl  valleys,  that  is,  depressions 
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coincident  with  the  general  direction  of  the  chain.  These,  though 
BometimoB  of  great  length,  are  relatively  of  narrow  width.  The  valley 
of  the  Khone,  from  the  source  of  the  river  down  to  Martigny,  oflFers  an 
excellent  example.  By  a  second  series  of  valleys  the  ranges  are 
trenched,  often  to  a  great  depth,  and  in  a  direction  transverse  to  the 
general  trend.  The  Rhone  furnishes  also  an  example  of  one  of  these 
tramverse  valleys,  in  its  course  from  Martigny  to  the  Lake  of  Geneva. 
In  most  mountain  regions,  the  heads  of  two  adjacent  transverse  valleys 
are  connected  by  a  depression  or  pass  (col,  joch). 

A  large  block  of  mountain  ground,  rising  into  one  or  more 
dominant  summits,  and  more  or  less  distinctly  defined  by  longitudinal 
and  traverse  valleys,  is  termed  in  French  a  massif — a  word  for  which 
there  is  no  good  English  equivalent.  Thus  in  the  Swiss  Alps  we 
have  the  massifs  of  the  Ghirnisch,  the  Todi,  the  Matterhorn,  the 
Jungfrau,  &c. 

Very  exaggerated  notions  are  common  regarding  the  angle  of 
declivity  in  mountains.  Sections  drawn  across  any  mountain  or 
mountain-chain  on  a  true  scale,  that  is,  with  the  length  and  height  on 
the  same  scale,  bring  out  the  fact  that,  even  in  the  loftiest  mountains, 
the  breadth  of  base  is  always  very  much  greater  than  the  height. 
Actual  vertical  precipices  are  less  frequent  than  is  usually  supposed, 
and  even  when  they  do  occur,  form  minor  incidents  in  the  general 
declivity  of  mountains.  Slopes  of  more  than  30^  in  angle  are  likewise 
far  less  abundant  than  casual  tourists  believe.  Even  such  steep 
declivities  as  those  of  38°  or  40°  are  most  frequently  found  as 
/a/w«-filopes  at  the  foot  of  crumbling  clififs,  and  represent  the  angle 
of  repose  of  the  disintegrated  debris.  Here  and  there,  wheie  the 
blocks  loosened  by  weathering  are  of  large  size,  they  may  accumulate 
upon  each  other  in  such  a  manner  that  for  short  distances  the  average 
angle  of  declivity  may  mount  as  high  as  65°.  But  such  steep  slopes 
are  of  limited  extent.  Declivities  exceeding  40°,  and  bearing  a  largo 
proportion  to  the  total  dimensions  of  hill  or  mountain,  are  always  found 
to  consist  of  naked  solid  rock.  In  estimating  angles  of  inclination  from 
a  distance,  the  student  will  learn  by  practice  how  apt  is  the  eye  to  bo 
deceived  by  perspective  and  to  exaggerate  the  true  declivity,  sometimes 
to  mistake  a  horizontal  for  a  highly  inclined  or  vertical  line.  The 
mountain  outline  shown  in  Fig.  2  presents  a  slope  of  25°  between  a  and 
6,  of  45°  between  h  and  c,  of  17°  between  c  and  d,  of  40°  between  d  an^  e, 
and  of  70°  between  e  and/.  At  a  great  distance,  or  with  bad  conditions 
of  atmosphere,  these  might  be  believed  to  be  the  real  declivities.  Yet  if 
the  same  angles  be  observed  in  another  way  (as  on  a  cottage  roof  at  B), 
we  may  learu  that  an  apparently  inclined  surface  may  really  be 
horizontal  (as  from  a  to  6  and  from  c  to  d),  and  that  by  the  effect 
of  perspective,  slopes  may  be  made  to  appear  much  steeper  than  they 
really  are.* 

»  Mr.  Rufikin  hfiA  well  illustratcfl  tin's  point.    Soc  *  Modern  Painters,'  vol.  iv.  p.  183, 
wlienee  the  illusimtions  in  the  text  are  tnkon. 
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i/Lach.  evil  haa  resulted  in  geological  leBearch  from   the 
ext^gereted  angles  of  dope  in  seotionB  and  di^ramg.     It 
ia  therefore  desirable  that  the  student  should,  from  the  be- 
ginning, accoBtom  himself  to  the  drawing  of  outlinee  as  nearly 
as  pnmtble  on  a  true  scale.    The  accompanying  section  of 
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use   of 


tlio  Alps  by  De  la  Heche  (Fig.  H)  is  of  interest  in  this 
respect,  as  one  of  the  earliest  illustrations  of  the  advanfiige 
of  constructing  geological  sections  on  a  true  scale  as  to  the 
relative  proportions  of  height  and  length.' 

TabU-lanih  or  Plafeaitx  are  elevated  regions  of  flat  or 
tindalating  country,  rising  to  heights  of  1000  feet  and  np- 
wanls  above  the  level  of  the  sea.  They  ore  sometimes 
bordered  with  steep  slopes,  which  desccml  from  their  edges, 
as  the  table-land  of  the  Spanish  peninsiila  docs  into  the  sea. 
In  other  cases,  they  gradually  sink  into  the  plains  and  have 
no  definite  boundaries ;  thus  the  prairie-land  west  of  the 
MiMonii  slowly  and  imperceptibly  ascends  until  it  becomes 
a-VABt  plateau  from  4000  to  5000  feet  above  the  sen.  Occa- 
Hionally  a  high  table-land  is  encircled  with  lofty  mountaine, 
iiM  in  those  of  Quito  and  Titicaca  among  the  Andes,  and 
that  of  tho  heart  of  Asia ;  or  it  forme  in  itself  the  platform 
on  vrbich  lines  of  mountains  stand,  as  in  North  America, 
where  the  ranges  inclnded  within  the  Rocky  Mountains  reach 
c-levatioBB  of  from  10,000  to  14,000  feet  above  tlio  sea,  but 
ti«t  more  than  from  5000  to  in,000  foot  above  tho  table-land. 


t..tAG. 


n  awl  Views,  illiiBlmtivf  of  nciil"gi«i!  PIict 


'  iRao,    ctfii  ohiif 


42  GEOGNOSY.  [Book   IT. 

Two  types  of  table-land  Btnicture  may  be  observed.  1.  Table-lands 
consisting  of  level  or  gently  undulated  sheets  of  rock,  the  general  surface 
of  the  country  corresponding  with  that  of  the  stratification.  The  Rocky 
^Mountain  plateau  is  an  example  of  this  type,  which  may  be  called  that 
of  Deposit,  for  the  flat  strata  have  been  equably  upraised  nearly  in 
the  position  in  which  they  were  deposited.  2.  Table-lands  formed  out 
of  contorted,  crystalline,  or  other  rocks,  which  have  been  planed  do^vn 
hy  superficial  agents.  This  type,  where  the  external  form  is  independent 
of  geological  structure,  may  be  termed  that  of  Erosion.  The  fjelds  of 
Norway  are  portions  of  such  a  table-land.  In  proportion  to  its  antiquity, 
a  plateau  is  trenched  by  running  water  into  systems  of  valleys,  until  in 
the  end  it  may  lose  its  plateau  character  and  pass  into  the  second  type 
of  mountain  ground  above  described.  This  change  has  largely  altered 
the  ancient  table-land  of  Scandinavia,  as  will  be  illustrated  in  Book  VII. 

Plains  are  tracts  of  lowland  (under  1000  feet  in  height)  which  skirt 
the  sea-board  of  the  continents  and  stretch  inland  up  the  river  valleys. 
The  largest  plain  in  the  world  is  that  which,  beginning  in  the  centre  of 
the  British  Islands,  stretches  across  Europe  and  Asia.  On  the  west,  it  is 
bounded  by  the  ancient  table-lands  of  Scandinavia,  Scotland,  and  Wales 
on  the  one  hand,  and  those  of  Spain,  France,  and  Germany,  on  the  other. 
Most  of  its  southern  boundary  is  foimed  by  the  vast  belt  of  high  ground 
which  sprcjids  from  Asia  Minor  to  the  east  of  Sibeiia.  Its  northern 
jnargin  sinks  beneath  the  waters  of  the  Arctic  Ocean..  This  vast  region 
is  divided  into  an  eastern  and  western  tract  by  the  low  chain  of  the 
T'ral  Mountains,  south  of  which  its  general  level  sinks,  until  underneath 
the  Caspian  Sea  it  reaches  a  depression  of  about  3000  feet  below  sea- 
level.  Along  the  eastern  sea-board  of  America,  lies  a  broad  belt  of  low 
plains,  which  attain  their  greatest  dimensions  in  the  regions  watered  by 
the  larger  rivers.  Thus  they  cover  thousands  of  square  miles  on  the 
north  side  of  the  Gulf  of  Mexico,  and  extend  for  hundreds  of  miles  up 
the  valley  of  the  Mississippi.  Almost  the  whole  of  the  valleys  of  tho 
Orinoco,  Amazon  and  La  Plata  is  occupied  with  vast  plains. 

From  the  evidence  of  upraised  marine  shells,  it  is  certain  that  largo 
portions  of  the  great  plain  of  the  Old  World  comparatively  recently 
fomied  part  of  the  sea-floor.  It  is  likewise  probable  that  the  beds  of 
some  enclosed  sea-basins,  such  as  that  of  the  North  Sea,  have  formerly 
been  plains  of  the  dry  land. 

It  is  obvious,  from  their  distribution  along  river- valleys,  and  on  the 
areas  between  the  base  of  high  grounds  and  the  sea,  that  plains  are 
essentially  areas  of  deposit.  They  are  the  tracts  that  have  received  tho 
detritus  washed  down  from  the  slopes  above  them,  whether  that  detritus 
has  originally  accumulated  on  the  land  or  below  the  sea.  Their  surfaco 
presents  everywhere  loose  sandy,  gravelly,  or  clayey  formations,  indica- 
tive of  its  comparatively  recent  subjection  to  the  operation  of  running 
water. 

(2)  Coast- lines. — A  mere  inspection  of  a  map  of  the  glolje  brings 
before  the  mind  the  striking  differences  which  the  masses  of  land  present 
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in  their  lino  of  junction  with  the  sea.  As  a  rule,  the  southern  conti- 
nents possess  a  more  uniform  unindonted  coast-lino  than  the  northern. 
It  has  been  estimated  that  the  ratios  between  area  and  coast-line  among 
the  different  continents,  stand  approximately  as  in  the  following  tiible :  — 

f  Europe  has  1  geographical  m\]o  of  coast-line  to  143  square  miles  of  Hiirfaop. 
Xorth  America  „  „  2(m  „ 

Asia,  including  tlio  islands  „  4G9  ., 

1  Africa  .,  ,,  895  ,, 

South  America  „  „  4:H  ., 

Australia  „  „  382  „ 


In  estimating  the  relative  potency  of  the  sea  and  of  the  atmospheric 
agents  of  disintegration,  in  the  task  of  wearing  down  the  land,  it  is 
evidently  of  great  importance  to  take  into  account  the  amount  of  surface 
respectively  exposed  to  their  operations.  Other  things  being  equal, 
there  is  relatively  more  marine  erosion  in  Europe  than  in  North  America. 
But  we  require  also  to  consider  tlie  nature  of  the  coast-lino,  whether  flat 
and  alluvial,  or  steep  and  rocky,  or  with  some  intermediate  blending  of 
these  two  characters.  By  attending  to  this  point,  we  are  soon  led  to 
t»bserve  such  great  differences  in  the  character  of  coast-lines,  and  such 
an  obvious  relation  to  differences  of  geological  structure,  on  the  onci 
hand,  and  to  diversities  in  the  removal  or  deposit  of  material,  on  the 
other,  as  to  suggest  that  the  present  coast-lines  of  the  globe  cannot  he 
aboriginal,  but  must  be  referred  to  the  operation  of  geologi(;al  agents  still 
at  work.  This  inference  is  amply  sustained  by  more  detailed  investi- 
gation. While  the  general  distribution  of  land  and  water  must  un- 
doubtedly be  assigned  to  terrestrial  movements  affecting  the  solid  glulx), 
the  present  actual  coasts  of  the  land  have  chiefly  been  produced 
by  lor,-al  causes.  Ileadlands  project  from  the  land  because,  for  th(^  most 
part,  they  consist  of  rock  which  has  been  better  able  to  withstand  the 
shfxjk  of  the  breakers,  liays  and  creeks,  on  the  other  hand,  have  been  rut 
by  the  waves  out  of  less  durable  materials.  Again,  })y  the  f^inking  (»f 
land,  ranges  of  hills  have  become  capes  and  headlands,  while  the  valleys 
have  passed  into  the  condition  of  bays,  inlets,  or  fjords.  By  the  uprise  of 
the  sea-bottom,  tracts  of  low  alluvial  ground  have  been  added  to  the  laud. 
Hence,  speculations  as  to  the  history  of  the  elevation  of  the  land, 
based  merely  upon  inferences  from  the  form  of  coast-lines  as  oxpressMl 
upon  ordinary  maps,  to  l>e  of  real  service,  demand  a  careful  scrntiny 
of  the  actual  coast-lines,  and  an  amount  of  geological  invcHtigutioii 
which  wonld  require  long  and  patient  toil  for  its  acooinpliHimionl. 

Passing  from  the  mere  external  form  of  the  land  to  the  comjMJsitlun 
and  fitnictiire  of  its  materials,  we  may  begin  by  considerinj;-  lln-  ;:.<'iieial 
«l-n«ity  of  the  entire  globe,  computed  from  obsei-vations  aii«]  <(»inj.ai«d 

•:.  iLuit  of  the  outer  and  accessible  portion  of  tlie  planrt.  Ii'<t<;n  m  «• 
ill-  already  Ijeen  made  to  the  aunparative  density  of  th«.-  jjhiIj  ajjK^ng 
*':«i  other  memlyers  of  the  solar  system.  In  inqtiiri'.-h:  r<';iardiii^  iho 
liistory  of  our  globe,  the  density  of  the  whole  jna^  oi  ih«    jilajnH,  as 
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compared  with  water — the  standard  to  which  the  specific  gravities  of 
terrestrial  bodies  are  referred — ^is  a  question  of  prime  importance. 
Various  methods  have  been  employed  for  determining  the  earth's 
density.  The  deflection  of  the  plumb-line  on  either  side  of  a  mountain 
of  known  structure  and  density,  the  time  of  oscillation  of  the  pendulum 
at  great  heights,  at  the  sea  level,  and  in  deep  mines,  and  the  comparative 
force  of  gravitation  as  measured  by  the  torsion  balance,  have  each  been 
tried  with  the  following  various  results : 

Plumb-line  experiments    on    Schiehallien  (Maakelyne  and   Playfair) 

gave  as  the  mean  density  of  the  earth  .....  4*713 

Do.  on  Arthur's  Seat,  Edinburgh  (James)    ....'.  5'316 

Pendulum  experiments  on  Mont  Cenis  (Carlini  and  Giulio)  .  4*950 

Do.  in  Ha^rton  ooal-pit,  Newcastle  (Airy) 6*565 

Torsion  balance  experiments  (Cavendish,  1798) 5 '480 

Do.  do.  (Reich,  1838) 5*49 

Do.  do.  (Baily,  1843) 5-660 

Do.  do.  (Comu  and  Bailie,  1872-3)       .         .         .  5-50-5'56 

Though  these  observations  are  somewhat  discrepant,  we  may  feel 
satisfied  that  the  globe  has  a  mean  density  neither  much  more  nor  much 
less  than  5*5  ;  that  is  to  say,  it  is  five  and  a  half  times  heavier  than  one 
of  the  same  dimensions  formed  of  pure  water.  Now  the  average 
density  of  the  materials  which  compose  the  accessible  portions  of  the 
earth  is  between  2*5  and  3 ;  so  that  the  mean  density  of  the  whole  globe 
is  about  twice  as  much  as  that  of  its  outer  part.  We  might,  therefore, 
infer  that  the  inside  consists  of  much  lieavier  materials  than  the  outside, 
and  consequently  that  the  mass  of  the  planet  must  contain  at  least  two 
disBiniilar  portions — an  exterior  lighter  crust  or  rind,  and  an  interior 
heavier  nucleus.  But  the  effect  of  pressure  must  necessarily  increase 
ihe  specific  gravity  of  the  interior,  as  will  be  alluded  to  further  on. 

§2.  The  Crust. — It  was  formerly  a  prevalent  belief  that  the  exterior 
and  interior  of  the  globe  diifered  from  each  other  to  such  an  extent  that, 
while  the  outer  parts  were  cool  and  solid,  the  vastly  more  enormous 
inner  intensely  hot  part  was  more  or  less  completely  liquid.  Hence  the 
term  "  crust"  was  applied  to  the  external  rind  in  the  usual  sense  of  that 
word.  This  crust  was  variously  computed  to  be  ten,  fifteen,  twenty,  or 
more  miles  in  thickness.  In  the  accompanying  diagram  (Fig.  4),  for 
example,  the  thick  line  forming  the  circle  represents  a  relative  thickness 
of  100  miles.  There  are  so  many  proofs  of  enormous  and  wide-spread 
corrugation  of  the  materials  of  the  earth's  outer  layers,  and  such 
abundant  traces  of  former  volcanic  action,  that  geologists  have  naturally 
regarded  the  doctrine  of  a  thin  crust  over  a  liquid  interior  as  necessary 
for  the  explanation  of  a  large  class  of  terrestrial  phenomena.  For 
reasons  which  will  be  afterwards  given,  however,  this  doctrine  has  been 
opposed  by  eminent  physicists,  and  is  now  abandoned  by  most  geologists. 
Nevertheless  the  term  "  crust "  continues  to  be  used,  apart  from  all 
theory  regarding  the  nucleus,  as  a  convenient  word  to  denote  those  cool, 
upper,  or  outer  layers  of  the  earth's  mass  in  the  structure  and  history  of 
which,  as  the  only  portions  of  the  planet  accessible  to  human  obser- 
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vation,  lie  the  chief  materials  of  geological  investigation.  The  chemical 
and  mineral  constitution  of  the  crust  is  fully  discussed  in  later  pages 
(p.  58,  ei  seq.). 

§  3.  The  Interior  or  Nucleus. — Though  the  mere  outside  skin  of 
our  planet  is  all  with  which  direct  acquaintance  can  be  expected,  the 
irregular  distribution  of  materials  beneath  the  crust  may  be  inferred 
from  the  present  distribution  of  land  and  water,  and  the  observed 
differences  in  the  amount  of  deflection  of  the  plumb-line  near  the  sea  and 
near  mountain  chains.  The  fact  that  the  southern  hemisphere  is  almost 
wholly  covered  with  water,  appears  explicable  only  on  the  assumption  of 
an  excefls  of  density  in  the  mass  of  that  half  of  the  planet.  The  existence 
of  such  a  vast  sheet  of  water  as  that  of  the  Pacific  Ocean  is  to  be 
accounted  for,  says  Archdeacon  Pratt,  by  the  presence  of  "  some  excess 


Fig.  4.— Supposed  Crust  of  the  Earth,  100  Miles  thick. 

<»r  matter  iu  the  solid  parts  of  the  earth  between  the  l*iicitic  Ocean  and 
the  earth's  centre,  which  retains  the  water  iu  its  place,  otherwise  the 
ocean  would  flow  away  to  the  other  parts  of  the  earth."  ^  The  same 
writer  points  out  that  a  deflection  of  the  plumb-line  towards  the  sea, 
which  has  in  a  number  of  cases  been  observed,  indicates  that  **the 
density  of  the  crust  beneath  the  mountains  must  bo  less  than  tliat  Ijelow 
the  plains,  and  still  less  than  that  below  the  ocean-bed."  '^  Apart, 
therefore,  from  the  depressions  of  the  earth's  surface,  in  wliich  the  oceans 
lie,  we  must  regard  the  internal  density,  whether  of  crust  or  nucleus,  to 
bo  somewhat  irregularly  arranged, — there  being  an  excess  of  heavy 
materials  in  the  water-hemisphere  and  beneath  the  ocean-beds,  as  com- 
pared with  the  continental  masses. 

It  has  been  argued  from  the  difference  between  the  spccitic  gravity 

'  '  Figure  of  the  Earth,*  4th  edit.  p.  2,S0. 

-  Op.  cit.  p.  200.     Sec  also  Herschel,  *  Phvs.  Geog.'  §  13 ;   O.  Fisher,  Cambridge 
Phil  Trans,  xii.,  part  ii. ;  *  Physics  of  the  Earth  s  Crust,*  p.  75.    ^ 
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of  the  wholo  globe  aud  that  of  the  crust,  that  the  interior  must  consist 
of  heavier  inatei'ial,  and  may  be  metallic.  But  the  effect  of  the  enonnous 
internal  presHure,  it  might  be  supposed,  should  make  the  density  of  the 
nucleus  much  higher,  oven  if  the  interior  consisted  of  matter  which,  on 
the  surface,  would  bo  no  heavier  than  that  of  the  crust.  In  fact,  we 
might,  on  the  contrary,  argue  for  the  probable  comparative  lightness 
of  the  substance  composing  the  nucleus.  That  the  total  density  of  the 
planet  does  not  greatly  exceed  its  observed  amount,  may  indicate  that 
some  antagonistic  force  counteracts  the  effect  of  pressure.  The  oidy  force 
we  can  suppose  capable  of  so  acting  is  heat,  though  to  what  extent  this 
eounterbalaneing  tukes  place  i.s  still  unknown.  It  must  be  admitted 
that  we  are  still  in  ignorance  of  the  law  that  regulates  the  compression 
of  solids  under  such  vast  pressure  as  must  exist  within  the  earth's 
interior.  We  know  that  gases  and  vapours  may  be  compressed  into 
licpiids,  sometimes  even  into  solids,  and  that  in  the  liquid  condition 
another  law  of  compressibility  begins.  AVe  know  also  from  experiment 
that  some  substances  have  their  melting-point  raised  by  pressure.^  It 
may  be  that  the  same  effect  takes  place  within  the  earth  ;  that  pressure 
increasing  inward  to  the  centre  of  the  globe,  while  angmenting  the 
density  of  each  successive  shell,  may  retain  the  whole  in  a  solid  condition, 
yet  at  temperatures  far  above  the  normal  melting  points  at  the  surface. 
Hence,  on  this  view  of  the  matter,  it  is  conceivable  that  the  difference 
l)etween  the  density  of  the  whole  globe  and  that  of  the  crust  may  be  duo 
to  pressure,  rather  than  to  any  essential  difference  of  composition.  Dr. 
Pfaff,  indeed,  offers  a  calculation  to  show  that  the  mean  terrestrial  density 
of  iy'o  is  not  incom2)atible  with  the  notion  that  the  whole  globe  consists 
of  materials  of  the  same  density  as  the  rocks  of  the  crust.^  It  is  possible 
that  the  gases  which,  largely  given  off  at  volcanic  foci,  must  exist  dis- 
solved in  the  hot  magma  of  the  nucleus  and  possess  a  very  high  tension, 
may  counteract  the  effects  of  compression  and  thus  reduce  density. 

Analogies  in  the  solar  system,  however,  as  well  as  the  actual  struc- 
ture of  the  rocky  crust  of  the  globe,  suggest  that  heaver  metiillic 
ingredients  possibly  predominate  in  the  nucleus.  If  the  materials  of  tho 
globe  wore  once,  as  they  are  believed  to  have  been,  in  a  liquid  condition, 
they  would  then  doubtless  be  subject  to  internal  arrangement,  in  accord- 
ance with  their  relative  specific  gravities.  We  may  conceive  that,  as  in 
the  case  of  the  sun,  as  well  as  of  the  solar  system  generally  (ante,  p.  8), 
thei*e  would  be,  so  long  as  internal  mobility  lasted,  a  tendency  in  the 
denser  elements  to  gravitate  towards  the  centre,  in  the  lighter  to 
accumulate  outside.  That  a  distribution  of  this  nature  has  certainly 
tiiken  place,  to  some  extent,  is  evident  from  the  structure  of  the  envelopes 
and  crust.  It  is  what  might  be  expected,  if  the  constitution  of  the  glolje 
resembles,  on  a  small  scale,  the  larger  planetary  system  of  which  it  forms 
a  part.     The  existence  even  of  a  metallic  interior  has  been  inferred  from 

*  Under  a  pressure  of  792  atmospheres,  spermaeoti  1ms  its  melting  jwint  raised  from 
51^  to  80-2^  ami  wax  from  64-5°  to  80-2°. 

•  » Allgemeine  Greologio  als  exacte  WisseiiBchnft,'  p.  42. 
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iho  metalKferous  veins  which  traverse  the  crust,  and  which  are  commonlv 
supposed  to  have  been  filled  from  beluw.^ 

Evidence  of  Internal  Heat.  —In  the  evidence  obtainable  as  to 
the  former  history  of  the  earth,  no  fact  is  of  more  importance  than  the 
existence  of  a  high  temperature  l)eiieath  the  cnist,  whicli  has  now  been 
placed  beyond  all  doubt.  Tliis  feature  of  the  planet's  organisation  is 
made  clear  by  the  following  proofs  : — 

(1.)  VoUaiwes, — In  many  regions  of  the  earth's  surface,  openings  exist 
from  which  steam  and  hot  vapours,  ashes  and  streams  of  molten  rock 
are  from  time  to  time  emitted.  The  abundance  and  wide  diflfusion  of 
these  openings,  inexplicable  by  any  niei-e  local  causes,  nmst  be  regar<le<l 
as  indiciitive  of  a  very  high  internal  temperature.  If  to  the  still  active 
vents  of  eruption,  we  add  those  wliich  have  formerly  Ijcen  the  channels 
of  communication  between  the  interior  and  the  surface,  there  are 
probably  few  largo  regions  of  the  globe  where  proofs  of  volcanic 
action  cannot  be  found.  Everywhere  we  meet  with  masses  of  molten 
ruck  which  have  risen  from  IkjIow,  as  if  from  some  general  reservoir. 
The  phenomena  of  active  volcanoes  are  fully  discussed  in  Book  III. 
Part  I. 

(2.)  Hoi  Springs, — "Where  volcanic  eruptions  have  ceased,  evidence  of  a 
high  internal  temperature  is  still  often  to  be  found  in  springs  of  hot  water 
wliich  continue  for  centuries  to  maintain  their  heat.  Thermal  springs, 
however,  are  not  confined  to  volcanic  districts.  They  sometimes  rise  even 
in  regions  many  hundreds  of  miles  distant  from  any  active  volcanic  vent. 
Tlie  hot  springs  of  Bath  (temp.  120"  Fahr.)  and  BuxUm  (temp.  82Tahr.) 
in  England  are  fully  9o0  miles  from  the  Icelandic  volcanoes  on  the  one 
side,  and  1100  miles  from  those  of  Italy  and  Sicily  on  the  other. 

(3.)  BorimjSf  Wells  and  Mines. — The  influence  of  the  seasonal  changes 
uf  temperature  extends  downward  from  the  surface  to  a  depth  which 
varies  according  to  latitude,  to  the  thermal  conductivity  of  soils  and 
nnrks,  and  i)erhaps  to  other  causes.  The  cold  of  winter  and  the  heat  of 
Mimmcr  may  be  regarded  as  following  each  other  in  siiecessive  waves 
downward,  until  they  disappear  along  a  limit  at  which  the  temperature 
remains  constant.  This  zone  of  invariable  temperature  is  commonly 
K-licved  to  lie  at  a  depth  of  somewhere  Ijctween  GO  and  80  feet  in  tem- 
l)erate  regions.  At  Yakutsk  in  Eastern  Silwria  (lat.  62°  N.),  liowever, 
as  shown  in  a  well-sinking,  the  soil  is  peiinanently  frozen  to  a  depth  of 
ulMmt  700  fect.2  jj^  j^ya,  on  the  other  hand,  a  constant  temperature  is 
sjiid  to  1k3  met  with  at  a  depth  of  only  2  or  8  feet.^ 

It  is  a  remarkable   fact,  now  verified  by  observation  all  over  the 

*  L«*j<L'iulre  HUpiwsc-il  tliut  lliu  density  being  U'.")  iit  the  surface,  it  is  i>'5  ut  liiilf 
tlio  k-uj^Ui  of  the  rudius  imd  11*3  ut  the  centre.  More  recently  E.  licolio  calcuhited 
ihe*c  tlensiticH  to  be  2*1,  S'."),  and  lOMj  respectively.  Thclate  David  Forbes  8Uggcste<l 
that  the  planet  might  be  supposed  to  consist  of  three  layers  of  uniform  densities, 
fucktsed  one  within  the  other,  llie  density  increasing  towards  the  centre  in  arithmetical 

froRressiou.     Allowing  2-.')  as  the  ppeeillc  gravity  of  the  crust  or  outer  layer,  he  assigned 
2*0  or  thcrcal)Out8  na  that  rf  tlie  middle  layer,  and  supposed  that  llie  inner  nucleus 
migiit  po68C8S  one  avemging  20'0.     (Popuhir  Sr^teuo'  lierinr^  April,  ISO'J.) 

*  IIclmer»?on,  Jhit.  AmK-.  lieiKtrt^  1S71,  p.  22.  •*  Junj^diuhn's  Mnvn,*  ii.  p.  771. 
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world,  that  below  tho  limit  of  the  influence  of  ordiuaiy  ucasonal  changes 
the  temperature,  so  far  aa  we  yet  know,  in  nowhere  found  to  diminish 
ilownwarde.  It  always  riaoa ;  and  its  rate  of  increment  never  falU  niucli 
below  the  average.  The  only  eYceptional  cases  occur  under  circam- 
Btauces  not  difficult  of  e!£j,)lanation.  On  the  one  hand,  the  neighbourhood 
of  liot-springs,  of  large  masBes  of  lava,  or  of  other  manifestations  of 
volcanic  activity,  may  raise  the  subterranean  toniperatnro  much  above 
lU)  normal  condition;  and  this  augmentation  may  not  disapjicar  for  many 
tliimisaud  years  oftcr  the  volcanic  aclivity  has  wholly  ceaseil,  since  tlio 
cooling  down  of  a  subtenituean  maun  of  lava  would  necessarily  bo  a  Tory 
slow  process.  It  has  oven  been  proi)oeed  to  estimate  the  age  of  subter- 
ranean masses  of  intrusive  lava  from  their  excess  of  temperature  above 
the  noiinal  amount  for  tlicir  isogeotherms  (luica  of  equal  earth-tem- 
perature), some  probable  initial  temperature  and  rate  of  cooling  being 
assumed.  On  the  otlier  hand,  the  spread  of  a  thick  mass  of  snow  and  itxi 
over  any  considerable  area  of  the  earth's  surface,  and  its  coutiuuanco 
there  for  several  thousand  years,  would  so  depress  the  isogeothcrmB  that, 
for  many  centuries  afterwards,  tlicro  would  bo  a  fall  of  temperature  for  » 
certain  distance  doivnwards.  At  the  present  day,  in  at  least  the  more 
northerly  j>arts  of  the  northern  hemisphere,  there  are  such  evidences  of  a 
former  moro  rigorous  climate,  as  in  the  well-siuiiug  at  Yakutsk  just 
ruferred  to.'  Sir  William  Thomson^  has  calculated  that  any  conaiderablo 
ai'ea  of  the  earth's  surface  covered  for  several  thousand  years  by  suow 
or  i**,  aiid  retaining,  after  the  disappearance  of  that  frozen  covering,  an 
average  surface  temperature  of  13°  C.,  "  would  during  900  years  show  a 
decreasing  temperature  for  some  depth  down  from  the  surface,  and  3600 
years  after  the  clearing  away  of  the  ice  would  still  show  residual 
effect  of  the  ancient  cold,  in  a  half  rate  of  augmentation  of  temperature 
downwards  in  the  upper  strata,  gradually  increasing  to  the  whole 
normal  rate,  which  would  be  sensibly  reached  at  a  depth  of  COO 
metres." 

Beneath  the  limit  to  which  the  iofluonce  of  the  changes  of  the  seasons 
extends,  ohservations  all  over  the  globe,  and  at  many  diffcrout  elevations, 
give  a  rate  of  increase  of  temperature  downwai-ds,  or  "  temperature  gin- 
dient,"  which  has  been  usually  taken  to  bo  1°  Fahr.  for  every  50  or  60 
feet  of  deaoent,  this  computation  being  based  especially  on  obser\'atious 
iu  deep  mines  and  borings.  According,  however,  to  data  collected  by 
a  Committee  of  the  British  Association  during  the  last  sixteen  years, 
the  average  gradient  appears  to  be  1°  Fahr.  for  every  C4  feet,  or  -^f  of  u 
degree  per  foot.  Isogeotherms  near  the  surface  follow  approximately  the 
B  of  the  snrface,  but  ore  flatter  than  these,  and  "their  flattening 
!■..  lower  ones,  until  at  a  considerable  depth  they 

! iiiiiigiiral  Lccfurc,  l^T.'i.]!.  -trolms  KUg^'iitod  Uiat  tutiui  tnuni 

atli's  KUifocc  iluriijj^  tliU  cold  period,  and  ti>  the  oonseqacnt 

.   I '  i.ii'AD  Uotbennul  liuug.  tl».t  alleged  present  coniparatiTO  iiuietiHle 

i<  M  1 1  \a  ui  br  Httribnieil.  tlitinliiiial  licat  not  Imviiig  jot  iccoTered  its 

liu-  uulat  eru*t 

.-"--  HwpniU.  1870,  &vUwK,  i-.  v.. 
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become  sensibly  horizontal  planes.     Tbo  temperature  gradient  is  con- 
sequently steepest  beneath  gorges  and  least  steep  beneath  ridges.'*  ^ 

Irregularities,  in  the  Downward  Increment  of  Heat. 
— While  there  is  everywhere  a  progressive  increase  of  temperature 
downwards,  its  rate  .  is  .  by  no  means  uniform.  The  more  detailed 
ol)servations  which  have  been  made  in  recent  years  have  brought  to 
light  the  important  fact  that  considerable  variations  in  the  rate  of 
increase  take  place,  oven  in  the  same  bore.  The  tempei-atures  obtained 
:it  different  depths  in  the  Hose  Bridge  colliery  shaft,  Wigan,  for  instance, 
road  as  in  the  following  columns : — 

TuiniKsrature 
(Kulir.) 

89 

IKJ^ 

•  •  •  a  «/  1  2 

i)2 

.      .      .      .      .  93 

93J 

.....  94 


liepthin 

Temperature 
(Fahr.) 

Depth  ill 
Yards. 

•)Oo     .      •      . 

...      78 

745 

G05     .      .      . 

...     80 

761 

630    .      .      . 

...     83 

775 

663    ;.     . 

.•    .      .     85 

783 

671     ..      . 

...     86 

800 

679    ..      . 

...     87 

806 

734    ..      . 

.     .      .     88i 

815 

At  La  Chapelle,  in .  an  important  well  made  for  the  water-supply  of 
Paris,  observations  have  been  taketi  of  the  temperature  at  different 
depths,  as  shown  in  the  subjoined  table  : — ^ 


Depth  in 
Ifftrea. 

Ti'mperature 
(Fahr;). 

100     ..      . 

.     .     .     59-5 

200     ..      . 

.      .      •     618 

•Hill     .       .       • 

.     .     .     (;5-5 

400    ..      . 

.     .     .     (;90 

Depth  ill 
'Metros. 

.500     . 

600     . 

660    . 


Temperature 

(Fahr.). 
.     72-6 
.     75*0 
.    760 


In  drawing  attention  to  the  temi>orature-ol>HorvationH  at  the  Rose 
Bridge  collier}'— the  deepest  mine  in  Great  BriUiin — Professor  Everett 
jNjiuts  out  that,  assuming  the  surface  temperature  to  be  49°  Fahr.,  in  the 
first  5.">8  yards  the  rate  of  rise  of  temperature  is  l""  for  57*7  feet;  in  the 
next  257  yards  it  is  1"*  in  48*2  feet ;  in  the  portion  between  605  and  671 
vanls— a  distance  of  only  198  feet—it  is  l'  in  33  feet;  in  the  lowest 
Jiortion  of  432  feet  it  is  1"*  in  54  feet.  *  When  such  irregularities  occur  in 
the  same  verticar  shaft,  it  is  not  surprising  that  the  average  should 
vary  so  much  in  different  places. 

There  can  l)e  little  doubt  tliat  (»ne  main  caust*  of  these  variations 
Ls  to  be  sought  in  the  different  thermal  couducjtivitit^s  of  the  rocks  of 
the  earth's  crust.  The  first  accurate  measurements  of  tlie  conducting 
l^^wers  of  rocks  were  made  by  the  late  J.  1).  Forbes  at  Edinburgli 
(  1H37-1845).  He  selected  three  sites  for  his  thermometers,  one  hi 
**  trap-rock  "  (a  i>orphyrite  of  Lower  Carl)oniferous  age),  one  in  loose 


lH7y-80.  Min,  Pntf,  N,  Enghtnd  Innt.  Mining-Mfchtn.  Knghi.  xxxil  (1883)  p.  19. 
•  R«:porti»<>f  Committw  on  ITiidrrjp-oiuul  ToiiiiM'ratnre/  Brit.  Aanor.  Ufp.  from  1S68  to 
1882,  with  mimmary  of  rwnUH  in  \ho  volnino  for  18S2. 

*  BrH.Atim:,  Rrp.  1873,  SectioiiP,  p.  2:j4.     ^  lliit.  A^^or.  li, !>.  \H7ii,  S-i^tious,  p.  :;i. 


50  OtJOQNOSr.  [Book  It. 


band,  and  one  in  sandstone,  eaoh  set  of  instruments  being  sunk  to  depthfi 
of  3,  6,  12  and  24  French  feet  from  the  surface.  He  found  that  the 
wave  of  summer  heat  reached  the  bulb  of  the  deepest  instrument 
(24  feet)  on  4th  January  in  the  trap-rock,  on  25th  December  in  the  sand, 
and  on  3rd  November  in  the  sandstone,  the  trap-rock  being  the  worst 
conductor  and  the  solid  sandstone  by  far  the  best.^ 

As  a  rule,  the  lighter  and  more  porous  rocks  oflfer  the  greatest 
resistance  to  the  passage  of  heat,  while  the  more  dense  and  crystalline 
offer  the  least  resistance.  The  resistance  of  opaque  white  quartz  is 
expressed  by  the  number  114,  that  of  basalt  stands  at  273,  while  that  of 
eannel  coal  stands  very  much  higher  at  1538,  or  more  than  thirteen 
times  that  of  quartz.^ 

It  is  evident  alsoj  from  the  texture  and  structure  of  most  rocks,  that 
the  conductivity  must  vary  in  different  directions  through  the  same 
mass,  heat  being  more  easily  conducted  along  than  across  the  "  grain," 
the  bedding,  and  the  other  numerous  divisional  surfaces.  Experiments 
have  been  made  to  determine  these  variations  in  a  number  of  rocks. 
Thus,  the  conductivity  in  a  direction  transverse  to  the  divisional  planes 
l)eing  taken  as  unity,  the  conductivity  parallel  with  these  planes  was 
found  in  a  variety  of  magnesian  schist  to  be  4*028.  In  certain  slates 
and  schistose  rocks  from  central  France,  the  ratio  varied  from  1  :  2*56  to 
1  :  3*952.  Hence  in  such  fissile  rocks  as  slate  and  mica-schist,  heat  may 
travel  four  times  more  easily  along  the  planes  of  cleavage  or  foliation 
than  across  them.^ 

In  reasoning  upon  the  discrepancies  in  the  rate  of  increase  of 
subterranean  temperatures,  we  must  also  bear  in  mind  that  convection 
by  percolating  streams  of  water  must  materially  affect  the  transference 
of  heat  from  below.*  Certain  kinds  of  rock  are  more  liable  tlian  others 
to  be  charged  with  water,  and,  in  almost  every  boring  or  shaft,  one  or 
more  horizons  of  such  water-bearing  rocks  are  met  with.  The  effect  ot 
interstitial  water  is  to  diminish  thermal  resistance.  Dry  red  brick  has 
its  resistance  lowered  from  680  to  405  by  being  thoroughly  soaked  in 
water,  its  conductivity  being  thus  increased  68  i)er  cent.  A  piece  of 
sandstone  has  its  conductivity  heightened  to  the  extent  of  8  per  cent,  by 
being  wetted.* 

Mallet  contended  that  the  variations  in  the  amount  of  increase 
lu  subterranean  temperature  are  too  great  to  permit  us  to  believe 
them  to  be  due  merely  to  differences  in  the  transmission  of  the  general 

*  Ttans,  Bity.  Soc  Edin.  xvi.  p.  211. 

*  Hcrschel  and  Lebour  (British  Aaaociution  Committee  on  Thennal  Couduotivitios  of 
llocks),  Bi-it.  Assoc,  Bep.  1875,  p.  59.    The  final  Report  is  in  the  vol.  for  1881. 

*  •*  Report  of  Committee  on  Thermal  Conductivities  of  Rock,"-Brt<.  Aaaoc  Hep,  1875, 
p.  61.  Jannettaz,  BulL  8oc,  04oL  France  (April-June,  1874)*  ii.  p.  264.  Thia  observer 
has  carried  out  a  scries  of  detailed  researches  on  the  propagation  of  heat  through  rocks 
which  will  bo  found  in  BuXL  Soc  GM,  Prance^  tomes  i.-ix.  (.3rd  series). 

*  In  the  great  bore  of  Sperenberg  (4172  feet,  entirely  in  rock-salt,  except  the  firut 
283  feet)  there  is  evidence  that  the  water  near  the  top  is  warmed  4  J°  Fahr.  by  convection. 
BriL  Amoc  1882,  jx  78. 

*  Ilerschd  and  Lebour,  BrU.  Atwd.  Bep,  1876,  p.  58. 
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internal  heat,  and  that  they  point  to  local  accessionB  of  heat  arising 
from  transformation  of-  the  mechanical  work  of  compression,  which 
is  due  to  the  constant  cooling  and  contraction  of  the  globe. ^  But  it 
may  be  replied  that  these  variations  are  not  greater  than,  froni  the 
known  divergences  in  the  conductivities  of  rocks,  they  might  fairly  be 
exjiected  to  be. 

Probable  Condition  of  the  Earth's  Interior. — Various 
theories  have  been  propounded  on  this  subject.  There  are  only  three 
which  merit  serious  consideration.  (1.)  One  of  these  supposes  theidanet 
to  consist  of  a  solid  crust  and  a  molten  interior.  (2.)  The  second  holds 
that,  with  the  exception  of  local  vesicular  spaces,  the  globe  is  solid  and 
rigid  to  the  centre.  (3)  The  third  contends  that  while  the  mass  of  thd 
globe  is  solid,  there  lies  a  liquid  substratum  beneath  the  crust. 

1.  The  arguments  in  favour  of  internal  liquidity  may  be  summed  up 
as  follows,     (a.)  The  ascertained  rise  of  temperature  inwards  from  the 
surface  is  such  that,  at  a  very  moderate  depth,  the  ordinary  melting 
jiuint  of  even  the  most  refractory  substances  would  be  reached.     At  20 
lutles  the  temperature,  if  it  increases  progressively,  as  it  does  in  the 
depthfl  accessible  to  observation,  must  be  about  1700°  Fahr. ;  at  50  miles 
it  must  be  4600°,  or  far  iiigher  than  the  fusing-point  even  of  so  stubborn 
a  metal  as  platinum,  which  melts  at  3080°  Fahr.^     (6.)  All  over  the 
world  volcanoes  exist  from  which  ste^m  and  torrents  of  molten '  lava  are 
from  time  to  time  erupted.     Abundant  as  are  the  active  volcanic  vents, 
they  forin  but  a  small  proportion  of  the  whole  which  have  been  in 
operation  since  early  geological  time.     It  has  Ikjcu  inferred,  therefore,  that 
these  numerous  funnels  of  communication  with  the  heated  interior  could 
not  have  existed  and  poured  forth  such  a  vast  amount  of  molten  rock,  unless 
they  drew  their  supplies  from  an  immense  internal  molten  nucleus,     (c.) 
When  the  products  of  volcanic  action  from  different  and  widely-separated 
ri'gions  are  compared  and  analysed,  tliey  are  found  to  exhibit  a  i*emark- 
able  uniformity  of  character.     Lavas  from  Vesuvius,  from  Hecla,  from 
the  Andes,  from  Japan,  and  from  New  Zealand  present  such  an  agTee- 
iiient  in  essential  particular  as,  it  is  contended,  can  only  be  accounted 
for  on    the   supposition   that    they  have   all   emanated   from  one  vast 
cimnion   source.^     {d.)  The   abundant   earthquake-shocks   which  affect 
large  areas  of  the  globe  are  maintained  to  Ije  inexplicable  unless  on  the 
huppisition   of  the  existence   of  a  thin  and   somewhat  flexible   crust. 
TheHC  arguments,  it  will  1x5  observed,  are  only  of  the  nature  of  inferences 
<lniwn  from  observations  of  the  present  constitution  of  the  globe.     They 
are  based  on  geological  data,  and  have  been  frequently  urged  by  geo- 
h^jpsts  as  supporting  the  only  view  of  the  nature  of  the  earth's  interior, 
Kupi»08ed  by  them  to  be  compatible  with  geological  evidence. 

'  -  Volcanic  Energy,"  PhU.  Tram,  1875. 

^  But  Sir  W.  Thomson  lias  shown  that  if  the  rate  of  increase  of  temperature  is  taken 
to  be  1**  for  every  51  feet  for  the  first  100,000  feet,  it  will  begin  to  diminish  below  that 
limit,  being  only  1°  in  2550  feet  at  800,000  feet,  and  then  rapidly  lessening.  Tram, 
Roy,  Sac,  Edh\,  xxiii.  p.  163. 

■  8c«  D.  Forbi?H,  Vopular  Science  Hcvieir,  April,  1861). 
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2.  The  arguments  against  the  tniemal  fluidity  of  the  earth  are  based  on 
physical  and  abtronomical  considerations  of .  the  greatest  importance. 
They  may  be  arranged  as  follows  :— 

(a.)  Argument  from  precession  and  nutation.— The  problem  of  the 
internal  condition  of  the  globe  was  attacked  as  far  back  as  the  year  1839 
by  Hopkins,  who  calculated  how  far  the  planetary  motions  of  precession  and 
nutation  would  be  influenced  by  the  solidity  or  liquidity  of  the  Cfarth's 
interior.  He  found  that  the  processional  and  nutational  movements 
cuuld  not  possibly  be  as  they  are,  if  the  planet  consisted  of  a  central  core 
of  molten  rock  surroimded  with  a  crust  of  twenty  or  thirty  miles  in 
thickness ;  that  the  least  possible  thickness  of  crust  consistent  with  the 
existing  movements  was  from  800  to  1000  miles ;  and  that  the  whole 
might  even  be  solid  to  the  centre,  with  the  exception  of  comparatively 
small  vesicular  spaces  filled  witli  melted  rock.^ 

M.  Delaunay,^  threw  doubt  on  Hopkins'  views,  and  suggested  that,  if 
the  interior  were  a  mass  of  sufficient  viscosity,  it  might  behave  as  if  it 
were  a  solid,  and  thus  the  phenomena  of  precession  and  nutation  might 
not  be  aflfected.  Sir  William  Thomson,  who  had  already  arrived  at  the 
conclusion  tliat  the  interior  of  the  globe  must  be  solid,  and  acquiesced 
generally  in  Hopkins*  conclusions,  pointed  out  that  M.  Delaimay  had  not 
worked  out  the  problem  mathematically,  otherwise  he  could  not  have 
failed  to  see  that  the  hypothesis  of  a  viscoiis  and  quasi-rigid  interior 
*•  breaks  down  when  tested  by  a  simple  calculation  of  the  amount  of 
tangential  force  required  to  give  to  any  globular  portion  of  the  interior 
mass  the  processional  and  nutational  motions  which,  with  other  physical 
astronomei's,  he  attributes  to  the  earth  as  a  whole."  ^  Sir  William,  in 
making  tliis  calculation,  holds  that  it  demonstrates  the  earth's  crust  down 
to  depths  of  himdreds  of  kilometres  to  be  capable  of  resisting  sueli  a 
tangential  stress  (amounting  to  nearly  iV^h  of  a  gramme  weight  per 
square  centimeti-e)  as  would  with  great  rapidity  draw  out  of  sha][>e  any 
plastic  substance  which  could  properly  be  termed  a  viscous  fluid.  "  An 
angular  distortion  of  8"  is  produced  in  a  cube  of  glass  by  a  distorting 
stress  of  about  ten  grammes  weight  per  square  centimetre.  We  may 
tlierefore  safely  conclude  that  the  rigidity  of  the  earth's  interior  sub- 
stance could  not  be  less  than  a  millionth  of  the  rigidity  of  glass  without 
very  sensibly  augmenting  the  lunar  nine  teen-yearly  nutation."  * 

In  Hopkins'  hypothesis  he  assumed  the  crust  to  be  infinitely  rigid 
and  unyielding,  which  is  not  true  of  any  material  substance.  Sir 
William  Thomson  has  recently  returned  to  the  problem,  in  the  light 
of  his  own  researches  in  vortex-motion.  He  now  finds  that,  while 
the  argument  against  a  thin  crust  and  vast  liquid  interior  is  still 
invincible,  the  phenomena  of  precession  and  nutation  do  not  decisively 
settle  the  question  of  internal  fluidity,  though  the  solar  semi-annual 

>  PhU,  Trans.  1839,  p.  861 ;  1840,  p.  198 ;  1842,  p.  43 ;  BriL  As800.  1847. 

'  In  a  paper  on  tho  uypotheeifl  of  the  interior  fluidity  of  the  globe,  Ccmptes  rendu*, 
July  IS,  1868.  QtoL  Mag,  v.  p.  507.  See  also  H.  Hennessy,  Comples  rendw^  6  Harch, 
]87],  Oeo/.  Mag,  viii.  p.  210.    Naiurt^  xv.  p.  78. 

•  Naiurt,  Febnmiy  1, 1871.  *  Loe»  oit.  p.  258. 
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and  lunar  fortnightly  nutations  absolutely  disprove  tlio  existence  of 
a  thin  rigid  shell  full  of  liquid.  If  the  inner  surface  of  the  crust 
or  shell  were  rigorously  spherical,  the  interior  mass  of  supposed  liquid 
could  experience  no  precessional  or  nutational  influence,  except  in  so 
far  as,  if  heterogeneous  in  composition,  it  might  suffer  from  external 
attraction  due  to  non-sphericity  of  its  surfaces  of  equal  density.  But 
"  a  very  slight  deviation  of  the  inner  surface  of  the  shell  from  perfect 
sphericity  would  suffice,  in  virtue  of  the  quasi-rigidity  due  to  vortex- 
motion,  to  hold  back  the  shell  from  taking  sensibly  more  precession 
than  it  would  give  to  the  liquid,  and  to  cause  the  liquid  (homogeneous 
or  heterogeneous)  and  the  shell  to  have  sensibly  the  same  precessional 
motion  as  if  the  whole  constituted  one  rigid  body."  ^ 

The  ■  assumption  of  a  comparatively  thin  crust  requires  that  the 
crust  sliall  have  such  perfect  rigidity  as  is  possessed  by  no  known 
substance.  The  tide-producing  force  of  the  moon  and  sun  exerts 
such  a  strain  upon  the  substance  of  the  globe,  that  it  seems  in  the 
highest  degree  improbable  that  the  planet  could  maintain  its  shape 
as  it  does  unless  the  supposed  crust  were  at  least  2000  or  2500  miles 
in  thickness.^  That  the  solid  mass  of  the  earth  must  yield  to  this 
strain  is  certain,  though  the  amount  of  deformation  is  so  slight  as  to 
have  hitherto  escaped  all  attempts  to  detect  it.^  Had  the  rigidity  been 
even  that  of  glass  or  of  steel,  the  deformation  would  probably  have 
been  by  this  time  detected,  and  the  actual  phenomena  of  precession  and 
nutation,  as  well  as  of  the  tides,  would  then  have  been  very  sensibly 
diminished.*  The  conclusion  is  thus  reached  that  the  mass  of  the  earth 
"  in  on  the  whole  more  rigid  certainly  than  a  continuous  solid  globe  of 
jclass  (if  the  same  diameter."^ 

(b.)  Argument  from  tlie  tides. — The  phenomena  of  the  oceanic  tides 
jire  only  explicable  on  the  theory  that  the  earth  is  either  solid  to  the 
fjeiitre,  or  possesses  so  thick  a  crust  (2500  miles  or  more)  as  to  give 
t.>  the  planet  practical  solidity.  Sir  William  Thomson  remarks  that 
'*  were  the  crust  of  continuous  steel,  and  500  kilometres  tliick,  it 
wimld  yield  very  nearly  as  much  as  if  it  were  india-rubljer  to  the 
deforming  influences  of  centrifugal  force,  and  of  the  sim's  and  mcK)n's 
attracti<»ns."  It  would  yield,  indeed,  so  freely  to  these  attractions 
"  that  it  would  simply  carry  the  waters  of  the  ocean  up  and  down 
with  it,  and  there  would  be  no  sensible  tidal  rise  and  fall  of  water 
Tt-latively  to  land."®  Prof.  G.  H.  Darwin,  in  the  series  of  papers 
alreaily  referred  to,  has  investigated  mathematically  tlie  Iwidily  tidt's 
of  virtcous  and  semi-elastic  spheroids,  and  the  character  of  the  ocean 
title**  on  a  yielding  nucleus.^      Ilis  results  tend  to  increase  the  force 

»  Kir  W.  Thomson,  Brit.  Am)c,  Rep.  1870,  Sections,  p.  5. 

2  Thomson,  Proc.  Roy.  Soc.  April.  1802. 

■  Sw  AMotiiation  Franfaine  pour  T Avancement  (hn  Scteufei*^  v.  p.  2Sl. 

•  Thomiioii,  lor.  eit. 

•  Thomeou,  2'ran*.  Roy.  Soc.  Edin.  xxiii,  p.  157. 

•  Thomson,  Brit  A$ioc.  Rep.  1870,  Sections,  p.  7. 

'  FkQ,  Trantt.  1879,  Part  I.    See  also  Brit  Assoc.  Rep.  1882,  Sects,  p.  473. 
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of  Sir  William  Thomson's  argument,  since  they  show  that  "  no  very 
considerable  portion  of  the  interior  of  the  earth  can  even  distantly 
approach  the  fluid  condition,"  the  effective  rigidity  of  the  whole  globe 
being  very  great. 

(c.)  Argument  from  relative  densities  of  melted  and  solid  rock. — 
The  two  preceding  arguments  must  be  considered  decisive  against 
the  hypothesis  of  a  thin  shell  or  crust  covering  a  nucleus  of  molten 
matter.  It  has  been  further  urged,  as  an  objection  to  this  hypothesis, 
that  cold  solid  rock  is  more  dense  than  hot  melted  rock,  and  that  even 
if  a  thin  crust  were  fonued  over  the  central  molten  globe  it  would 
immediately  break  up  and  the  fragments  would  sink  towards  the 
centre.^  This  argument,  however,  does  not  appear  to  be  well  founded. 
Experiment  has  shown  that  at  least  in  the  cases  of  glass,  iron,  brass, 
copper,  "whinstone,"  (probably  some  kind  of  diabase  or  basalt)  and 
granite,  the  snbsta-nce  is  denser  in  the  melted  than  in  the  solid  state.^ 
Moreover  as  has  been  already  pointed  out,  the  specific  gravity  of  the 
interior  is  at  least  twice  as  much  as  that  of  the  visible  parts  of  the 
crust.  If  this  difference  be  due,  not  merely  to  the  effect  of  pressure, 
but  to  the  presence  in  the  interior  of  intensely  heated  metallic  sub- 
stances, we  cannot  suppose  that  solidified  ix)rtion8  of  such  rocks  as 
granite  and  the  various  lavas  could  ever  have  sunk  into  the  centre  of  the 
earth,  so  as  to  build  up  there  the  honey-combed  cavernous  mass  which 
might  have  served  as  a  nucleus  in  the  ultimate  solicLification  of  the 
whole  planet.  If  the  earliest  formed  portions  of  the  comparatively 
light  crust  were  denser  than  the  underlying  liquid,  they  would  no  doubt 
descend  until  they  reached  a  stratum  with  specific  gravity  agreeing  with 
their  own,  or  until  they  were  again  melted.^ 

3.  Hypothesia  of  a  liquid  svbstratum  between  a  solid  nuclem  and  the 
crust, — Since  the  early  and  natural  belief  in  the  liquidity  of  the 
earth's  interior  has  been  so  weightily  opposed  by  physical  arguments, 
geologists  have  endeavoured  to  modify  it  in  such  a  way  as,  if  possible, 
to  satisfy  the  requirements  of  physics,  while  at  the  same  time 
providing  an  adequate  explanation  of  the  corrugation  of  the  earth's 
crust,  the  phenomena  of  volcanoes,  <fec.*  The  hypothesis  has  been 
proposed  of  "  a  rigid  nucleus  nearly  approaching  the  size  of  the  whole 
globe,  covered  l)y  a  fluid  substratum  of  no  great  thickness,  compared 
with  the  radius,  upon  which  a  cnist  of  lesser  density  floats  in  a  state  of 
equilibrium."     The  nucleus  is  assumed   to  owe   its  solidity,  to   "the 

*  This  objection  has  been,  repeatedly  urged  by  Sir  William  Thomson.  See  Tmntt, 
Hoy.  Sor.  Eclin.  xxiii.  p.  l.*)?;  and  Brit.  Ansae.  Rep.  1870,  Sections,  p.  7. 

^  Sir  W.  Thomson,  Tram.  Ge^d.  Sftc.  Glfvtgow,  vi.  (1878)  p.  40. 
^  See  D.  Forbes,  GeoL  Mag,  vol.  iv.  p.  4.S5. 

*  See  Dana  in  Silh'man*8  Journal^  iii.  (1847)  p.  147.  Amer.  Joum.  Seience  (1873). 
The  hypothesis  of  a  finid  snbstratnm  has  been  advocattHl  by  Shaler.  Pioc.  Best,  Nat, 
Hut.  Soc.  xi.  (18G8)  p.  8.  Geol  Mag.  v.  p.  511.  J.  Le  Conte,  Ainer.  Jtmrn.  S&i.  187*2, 
1873.  O.  Fisher,  Geol.  Maq,  v.  (new  series)  pp.  291  and  ,551.  •  Physics  of  the  Earth's 
iJniBt,'  1883.  See  also  Hill,  Gaol,  Mag,  v.  (new  series)  pp.  2C2,  479.  The  idea  of 
a  viscous  layer  between  the  solidifying  central  mass  and  the  crust  was  prcf-ont  in 
Jlopkimf  mind.     Brit,  Awh;,  1848,  Reports,  p.  48. 
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enormous  pressuro  of  tlie  superincumbent  matter,  while  the  crust 
owes  its  solidity  to  having  become  cool.  The  fluid  substratum  is  not 
under  sufficient  pressure  to  l)e  rendered  solid,  and  is  sufficiently  hot  to 
1)6  fluid,  being  probably  more  viscous  in  its  lower  portion  through 
pressure  and  likewise  passing  into  a  viscous  state  in  its  upper  parts 
through  cooling,  until  it  joins  the  cnist."  ^  The  contraction  and  con- 
solidation of  this  substratum  are  assumed  as  the  explanation  of  the 
plication  which  the  crust  has  certainly  undergone. 

It  must  be  admitted  that  the  wide-spread  proofs  of  great  crumpling 
of  the  rocks  of  the  crust  present  a  difficulty,  for  they  indicate  a 
capability  of  yielding  to  strain  such  as  has  been  supposed  impossible 
in  a  globe  possessing  on  the  whole  the  rigidity  of  steel  or  glass.  But 
this  difficulty  may  Ix)  more  formidable  in  appearance  than  in  reality. 
Tho  earth  miist  certainly  possess  such  a  degree  of  rigidity  as  to  resist 
tidal  deformation.  Professor  Darwin  has  calculated  the  limiting  rigidity 
in  the  materials  of  the  earth  which  is  necessary  to  prevent  the  weight 
of  nioimtains  and  continents  from  reducing  them  to  the  fluid  condition  or 
else  cracking,  and  has  found  that  these  materials  must  be  as  strong  as 
granite  1000  miles  below  the  surface  or  else  much  stronger  than 
granite  near  the  surface.^  But  high  rigidity,  that  is,  elasticity  of  form, 
is  not  contradictory  of  plasticity.  Even  bodies  like  steel  may,  under 
suitable  stress,  be  made  to  flow  like  butter,  (see  postea.  Book  III.  Part  I. 
Sect.  iv.  §  3.)  While,  therefore,  tho  earth  may  possess  as  a  whole  the 
rigidity  of  steel,  there  seems  no  reason  why,  under  sufficient  strain, 
the  outer  portions  may  not  be  plicated  or  even  reduced  to  tho  fluid 
condition.  It  is  important  "  to  distinguish  viscosity,  in  which  flow  is 
caused  by  infinitesimal  forces,  from  plasticity,  in  which  permanent 
distortion  or  flow  only  sets  in  when  the  stresses  exceed  a  certain  limit."  ^ 

In  speculating  on  the  plication  of  the  earth's  crust,  we  ought  not  to 
forget  that,  from  the  earliest  times,  the  existing  continental  regions 
seem  to  have  specially  suifered  from  the  efforts  of  the  planet  to  adjust 
its  external  form  to  its  diminishing  diameter  and  lessening  rapidity 
of  rotation.  They  have  served  as  lines  of  relief  from  the  strain  of 
compression  during  many  successive  epochs.  It  is  along  their  axial 
lines, — their  long  dominant  mountain-ranges,  that  wo  should  naturally 
look  for  evidence  of  corrugation.  Away  from  these  lines  of  weakness  the 
ground  has  been  upraised  for  thousands  of  square  miles  without 
plication  of  the  rocks,  as  in  the  instructive  region  of  the  Western 
Territories  of  North  America.  N(»r  is  there  any  proof  that  cornigation 
takes  place  beneath  the  great  oceanic  areas  of  subsidence. 

It  api^ears  highly  probable  tliat  the  substance  of  the  earth's 
interior  is  at  the  melting  p<»int  proper  for  the  pressure  at  each  depth. 
Any  relief  from  pi*essure,  therefore,  may  allow  of  the  liquefaction  of  tho 
matter  so  relieved.  Sucli  relief  is  doubtless  afforded  by  the  corrugation 
of  mountain-chains  and  other  terrestrial  ridges.     And   it   is  in   these 

»  Fi«her,  *  Physics  of  Earth's  Crust,'  p.  2(^>9.  ^  Froc.  Roy,  Soe,  1881,  p.  432. 

'  Professor  Darwin  in  a  letter  to  tho  author,  0th  January.  1884 
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lines  of  uprise  that  volcanoes  and  other  manifestations  of  subterranean 
heat  actually  show  themselves. 

§  4.  Age  of  the  Earth  and  Measures  of  Geological  Tizae. — 

The  age  of  our  planet  is  a  problem  which  may  be  attacked  either 
from  the  geological  or  physical  side. 

The  geological  argument  rests  chiefly  upon  the  observed  rates 
at  which  geological  changes  are  being  oifcc ted  at  the  present  time, 
and  is  open  to  the  obvious  preliminary  objection  that  it  assumes 
the  existing  rate  of  change  as  the  measure  of  past  revolutions,- — an 
assumption  which  may  bo  entirely  erroneous,  for  the  present  may  be 
a  period  when  all  geological  events  march  forward  more  slowly  than' 
they  used  to  do.  The  argument  proceeds  on  data  partly  of  a  physical 
and  partly  of  an  organic  kind,  (a.)  The  physical  evidence  is  derived 
from  such  facts  as  the  observed  rates  at  which  the  surface  of  a 
country  is  lowered  by  rain  and  streams,  and  new  sedimentary  deposits 
are  formed.  These  facts  will  be  more  particularly  dwelt  upon  in 
later  sections  of  this  volume.  If  we  assume  that  the  land  has  been 
worn  away,  and  that  stratified  deposits  have  been  laid  down,  nearly 
at  the  same  rate  as  at  present,  then  we  must  admit fhat  the  stratifie*! 
portion  of  the  crust  of  the  earth  must  represent  a  very  vast  period 
of  time.^  (h,)  On  the  other  hand,  human  experience,  so  far  as  it 
goes,  warrants  the  belief  that  changes  in  the  organic  world  proceed 
with  extreme  slowness.  Yet  in  the  stratified  rocks  of  the  terrestrial 
crust,  we  have  abimdant  proof  that  the  whole  fauna  and  flora  of  the 
earth's  surface  have  passed  through  numerous  cycles  of  revolution, — 
species,  genera,  families,  orders,  ap^Kjaring  and  disappearing  many 
times  in  succession.  On  any  supposition,  it  must  bo  admitted  that 
these  vicissitudes  in  the  organic  world  can  only  have  been  effected 
with  the  lapse  of  vast  periods  of  time,  though  no  reliable  standard 
seems  to  be  available  whereby  these  periods  are  to  be  measured. 
The  argument  from  geological  evidence  indicates  an  interval  of 
probably  not  much  less  than  100  million  years  since  the  earliest  forms 
of  life  appeared  upon  the  earth,  and  the  oldest  stratified  rocks  began  to 
l>e  laid  down. 

2.  The  physical  argument  as  to  the  age  of  our  planet  is  based 
by  Sir  William  Thomson  upon  three  kinds  of  evidence : — (1)  the 
internal  heat  and  rate  of  cooling  of  the  earth ;  (2)  the  tidal  retardation 
of  the  earth's  rotation  ;  and  (3)  the  origin  and  age  of  the  sun's  heat. 

(1.)  Applying  Fourier's  theory  of  thermal  conductivity,  he  pointed 

*  Dr.  Croll  puts  this  period  at  not  law,  but  possibly  much  more,  than  60  millioa 
years.  Dr.  Haughton  gives  a  much  more  extended  period.  Estimating  the  present 
rate  of  deposit  of  strata  at  1  foot  in  8(>16  years,  assuming  the  former  rate  to  have  been 
ten  times  more  rapid,  or  1  foot  in  861*6  years,  and  taking  the  thickness  of  the  stratifie<l 
rocks  of  the  earth's  crust  at  177,200  feet,  he  obtains  a  minimum  of  200,000,000  years 
for  the  whole  duration  of  geological  time :  •  Six  Lectures  on  Physical  Geography,'  1880^ 

L94.  Dr.  Haughton  has  also  proposed  another  geological  measure  of  past  time^' 
ed  upon  the  assumed  effects  of  continental  uplicaval  (Proc,  Roy,  Soc.  xxvi.  (1877) 
p.  534).  But  Professor  Darwin  has  shown  it  to  be  imulmissible.  (Ow.  cit,  xxvii. 
(1878)  p,  179.)  ^  ^ 
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out  some  years  ago  (1862)  that  in  the  known  rate  of  increase  of 
temperature  downward  beneath  the  surface,  and  the  rate  of  loss  of  heat 
from  the  earth,  we  have  a  limit  to  the  antiquity  of  the  planet.  He 
showed,  from  the  data  available  at  the  time,  that  the  superficial 
consolidation  of  the  globe  could  not  have  occurred  less  than  20  million 
years  ago,  or  the  underground  heat  would  have  l>een  greater  than  it  is  ; 
nor  more  than  400  million  years  ago,  otherwiBo  the  underground 
temperature  would  have  shown  no  sensible  increase  downwards.  He 
admitted  that  very  wide  limits  were  nepessary.  In  more  recently 
discassing  the  subject,  he  inclines  rather  towards  the  lower  than  the 
higher  antiquity,  but  concludes  that  the  limit,  from  a  consideration  of 
all  the  evidence,  must  be  placed  within  some  such  period  of  past  time  as 
100  millions  of  years;^ 

(2.). The  reasoning  from  tidal  retardation  proceeds  on  the  admitted 
fact  that,  owing  to  the  friction  of  the  tide-wave,  the  rotation  of  the  earth 
13  retarded,  and  is  therefore  slower  now  than  it  must  have  been  at  one 
time.  Sir  William  Thomson  contends  that  had  the  globe  become  solid 
some  10,000  million  years  ago,  or  indeed  any  high  antiquity  beyond  100 
million  years,  the  centrifugal  force  due  to  the  more  rapid  rotation  must 
have  given  the  planet  a  very  much  greater  polar  flattening  than  it 
actually  possesses.  He  admits,  however,  that  though  100  million  years 
ago  that  force  must  have  been  about  3  per  cent,  greater  than  now,  yet 
'*  nothing  we  know  regarding  the  figure  of  the  earth  and  the  disposition  of 
land  and  water  would  justify  us  in  saying  thatab<.)dy  consolidated  when 
there  was  more  centrifugal  force  by  3  per  cent,  than  now,  might  not  now 
be  in  all  respects  like  the  earth,  so  far  as  we  know  it  at  present."  ^ 

(3.)  Tlie  third  kind  of  evidence  loads  to  results  confessedly  less 
emphatic  than  those  from  the  two  previous  lines  of  reasoning.  It  is 
Ixised  upon  calculations  as  to  the  amount  of  heat  that  would  be  available 
by  the  falling  together  of  masses  from  space,  which  gave  rise  by  their 
impact  to  our  sun,  and  the  rate  at  which  this  heat  has  been  radiated. 
Assuming  that  the  sun  has  been  cooling  at  a  uniform  rate,  Professor 
Tait  comes  to  the  conclusion  that  it  cannot  have  supplied  the  eartli, 
even  at  the  present  rate,  for  more  than  about  1 5  or  20  million  years.*^ 

Part  II. — An  Account  of  the  Composition  of  the  Earth's 

Crust— Minerals  and  Rocks. 

The  earth's  crust  is  composed  of  mineral  matter  in  various  aggregates 
included  under  the  general  term  Rock.  A  rock  may  be  defined  as  a 
mass  of  matter  composed  of  one  or  more  simple  minerals,  having 
usually  a  variable  chemical  composition,  with  no  necessarily  symmetrical 

*  Trans.  Roy.  Soe.  Edin.  xxiii.  p.  157.    Trans.  Geol.  Sor.  GW/om?,  iil.  p.  25.    Professor 
Tait  reduces  the  period  to  10  or  15  millions.     *  Recent  Advances  in  Physical  Science,* 

P-  ^*^- 

^  Trans,  Geol.  Soc.  Gla»goWy  iii.  p.  16.     Professor  Tait,  in  repeating  this  argument 

concludi«  that,  taken  in  connection  witli  the  previous  one,  "  it  probably  reduces  the 

iioAsible  periml  which  can  Ije  allowed  to  geologists  to  something  less  than  10  millions  of 

years.''    Op.  cit.  p.  174.  ^  Op.  eif.  p.  174. 
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external  form,  and  ranging  in  cohesion  from  mere  loose  cl61)ris  up  to 
the  most  compact  stone.  Granite,  lava,  sandstone,  limestone,  graTcl,  sand, 
mud,  soil,  marl  and  peat,  are  all  recognised  in  a  geological  sense  aa  rocks. 
The  study  of  rocks  is  known  as  Lithology,  Petrography  or  Petrology. 

It  will  bo  most  convenient  to  treat — let,  of  the  general  chemical 
constitution  of  the  crust ;  2nd,  of  the  minerals  of  which  rocks  mainly 
consist ;  3rd,  of  the  methods  employed  for  the  determination  of  rocks ; 
4th,  of  the  external  characters,  and,  5th,  of  the  internal  texture  and 
structure,  of  rooks;  6th,  of  the  classification  of  rucks;  and  7th,  of  the 
more  important  rocks  occurring  as  constituents  of  the  earth's  crust. 

§  i.  General  Ckemieol  CongtiltUion  of  the  Criitt. 

Direct  acqiuuTitance  with  tlio  chemical  constitution  of  the  globe  must 
ohvionsly  bo  limited  to  that  of  the  crust,  though  by  inference  we  may 
eventually  reach  highly  prohahle  conclusions  regarding  the  conBtitution 
of  the  interior.  Chemical  research  his  discovered  that  sixty- four ' 
simple  or  as  yet  unttecompoHable  bodies,  calleil  elements,'  iii  variouft 
proportions  and  compounds,  constitute  the  accessible  part  of  the  crust.* 
Of  these,  however,  the  great  majority  are  comparatively  of  rare 
ffficnrrence.  The  crust,  so  far  as  we  can  ox.imino  it,  is  mainly  biiilt  np 
■■iralwiit  sixteen  elements,  *hich  may  bo  arranged  in  the  two  following 
gi'ou]iB,  the  most  abundant  bodies  l>eing  placed  first  in  each  list: — 

Atomtc  AUmk 

Weight.  WMgtit 

Oxygen IS-9G  AlnQiiiiiiuii 27-30 

flilicon 28-00  Calcium 39-90 

Carbon     ..,.:,     11-97  I      MBgneeinm    ...      .     .  23-M 

Sulphur 31-<J8  ,      PotaBaium 39-04 


Hydrogen 1-00  Bodiai; 

Cbbrino  ,....,,  35-37       !      Iron    . 

PhoaphoniB  .     .     .      .      .  30 -OC 

Flnorino 1910 


Tlio  sixteen  elements  here  mentioned  form  about  ninety-nine  partfi 
of  the  earth's  crust ;  the  other  elements  constitute  only  abont'a  himJEndtfi 
l>art,  though  they  includo  gold,  silver,  copper,  tin,  lead,  BDd't3ie"otlier 

useful  metals,  iron  excepted.    By  far  the  niost  abundant  and  iu^porfiat 
<ilement  is  Oxygen.     It  forms  about  23  per  cent,  by  wei^t  of  l^J  88'tff 
per  cent,  of  water,  and  about  a  half  of  all  the  rocks  which  compose  tlio 
visible  imrtiou  or  crust  of  the  globe.     Another  metalloid,  Silicon,  alwayH 
united  with  oxygen,  ranks  nex.t  in  abundance  as  a  TOustltnent  of  Hi" 
iTUst.     Of  the  remaining  metalloids,  Carbon  and  Sn'i'iu' 
occur  in  the  free  state,  but  usually  in  combination  v/\-  . 
metal,     (.'lilorino  (save  perhaps  at  volcanic  vents)  'I 
free  »iaU;  but  is  almndaut  in  combination  with  tic  nil. 

'  Tliis  imiuLrr  Iiiiswilliin  the  liust  fow  yr,i, 
<,(  no  I'.n-cr  t)»iii  fourU.'ea  iiaw  metaln.  Sou 
LrvTi  s!i1i-fi..-(.iri]y  prnVL-.l  t«  W  new.     T.  B.. 
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with  sodium.  Fluorine  is  always  found  in  combination,  and  has  never 
yet  been  isolated  by  artificial  chemical  processes.  It  is  the  only  element 
which  has  not  been  combined  with  oxygen.  It  chiefly  occurs  in  union 
with  Calcium  as  the  mineral  fluor-spar,  and  constitutes  more  than  half 
■of  the  mineral  cryolite ;  but  traces  of  its  presence  liave  bec^n  detected  in 
other  minerals,  in  sea-water,  and  in  the  bones,  tcetli,  blood  and  milk  of 
mammalia.  Hydrogen  occurs  chiefly  in  combination  with  oxygen  as  the 
oxide,  water,  of  which  it  forms  11-13  per  cent,  by  weight;  also  in  com-. 
bination  with  carbon  as  tlio  hydrocarlx>ns  (mineral  oils  and  gases),  pro- 
duced by  the  slow  decomposition  of  organic  matter.  Thosphorus  occurs 
with  oxygen  principally  in  calcic  phosphate.  Of  the  metals,  a  few  are 
found  in  the  native  state  (gold,  silver,  copper,  &c.),  but  those  of  impor- 
tance in  the  framework  of  the  earth's  crust  have  entered  into  combina- 
tion with  metalloids  or  with  each  other.  Putting  the  more  important 
metals  and  metalloids  together,  we  may  compute  that  oxygen,  silicon, 
aluminium,  magnesium,  calcium,  potassium,  sodium,  iron  and  carbon 
form  together  more  than  97  per  cent,  of  the  whole  known  crust. 

So  far  as  accessible  to  observation,  the  outer  portion  of  our  planet 
consists  mainly  of  metalloids.  Its  metallic  constituents  have  already  in 
great  part  entered  into  combination  with  oxygen,  so  that  the  atmosphere 
contains  the  residue  of  that  gas  which  has  not  yet  united  itself  to  terres- 
trial compounds.  In  a  broad  view  of  the  arrangement  of  the  chemical 
elements  in  the  external  crust,  the  suggestive  speculation  of  Durocher 
deserves  attention.^  He  regarded  all  rocks  as  referable  to  two  layers  or 
magmas  co-existing  in  the  earth's  crust,  the  one  beneath  the  other, 
according  to  their  specific  gravities.  The  upper  or  outer  shell,  which  he 
termed  the  acid  or  siliceous  magma,  contains  an  excess  of  silica,  and  has 
a  mean  density  of  2-65.  The  lower  or  inner  shell,  which  he  called  the 
Imsic  magma,  has  from  six  to  eight  times  more  of  the  earthy  bases  and 
iron-oxides,  with  a  mean  density  of  2-96.  To  the  former  he  assigned 
the  early  plutonic  rocks,  granite,  felsite,  (fee,  with  the  more  recent 
trachytes ;  to  the  latter  he  relegated  all  the  heavy  lavas,  basalts,  diorites, 
&c.  The  ratio  of  silica  is  7  in  the  acid  magma  to  5  in  the  basic. 
Though  the  proportion  of  silicic  acid  or  of  the  earthy  and  metallic  bases 
cannot  be  regarded  as  any  certain  evidence  of  the  geological  date  of 
rocks,  nor  of  their  probable  depth  of  origin,  it  is  nevertheless  a  fact  that 
(with  many  important  exceptions)  the  eruptive  rocks  of  the  older  geo- 
logical periods  are  very  generally  super-silica  ted  and  of  lower  specific 
gravity,  while  those  of  later  time  are  very  frequently  poor  in  silica,  but 
rich  in  the  earthy  bases  and  in  iron  and  manganese,  with  a  consequi^nt 
higher  specific  gravity.  The  latter,  according  to  Durocher,  have  been 
forced  up  from  a  lower  zone  through  the  lighter  siliceous  crust.  The 
sequence  of  volcanic  rocks  as  first  announced  by  Kichthofen,  has  an 
interesting  connection  with  this  speculation.'^ 

The  main  mass  of  the  earth's  crust  is  composed  of  a  few  prodoniiuant 

*  Ann.  den  M%ne»y  18r>7.    Translat^xl  })y  Hftu^hton,  'Maniml  of  Gcolop;y,'  180^,  p.  ](>. 

*  Pfnttt^.    Book  IJI.  Part  I.  Section  i.  §  5. 
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compounds.  Of  these  in  every  respect  the  most  abundant  and  impor* 
tant  is  Silicon-dioxide  or  Silica  (Kieselerde)  SiOg.  As  the  fundamental 
ingredient  of  the  mineral  kingdom,  it  forms  more  than  one  half  of  the 
known  crust,  which  it  seems  to  bind  firmly  together,  entering  as  a  main 
ingredient  into  the  composition  of  most  crystalline  and  fragmental 
rocks  as  well  as  into  the  veins  that  traverse  them.  It  occurs  in  the 
free  state  as  the  abundant  rock-forming  mineral  quartz,  which  strongly 
resists  ordinary  decay,  and  is  therefore  a  marked  constituent  of  many  of 
the  more  enduring  kinds  of  rock.  As  one  of  the  acid-forming  oxides 
(H4Si04,  Silicic  acid,  Kieselsaure)  it  forms  combinations  Avith  alkaline, 
earthy,  and  metallic  bases,  which  appear  as  the  prolific  and  universally 
diffused  family  of  the  silicates.  Moreover,  it  is  present  in  solution  in 
terrestrial  and  oceanic  waters,  from  which  it  is  deposited  in  pores  and 
fissures  of  rocks.  It  is  likewise  secreted  from  these  waters  by  abun- 
dantly diffused  species  of  plants  and  animals  (diatoms,  radiolarians,  &c.). 
It  has  been  largely  effective  in  replacing  the  organic  textures  of  former 
organisms,  and  thus  preserving  them  as  fossils. 

Alumina  or  aluminium-oxide  (Thonerde),  AljOg,  occurs  sparingly 
as  corundum,  which,  however,  according  to  F.  A.  Genth,  was  the 
original  condition  of  many  now  abundant  complex  alumiuous  minerals 
and  rocks.  The  most  common  condition  of  aluminium  is  in  union  with 
silica.  In  this  form  it  constitutes  the  basis  of  the  vast  family  of  the 
aluminous  silicates,  of  which  so  large  a  portion  of  the  crystalline  and 
fragmental  rocks  consists.  Exposed  to  the  atmosphere,  these  silicates 
lose  some  of  their  more  soluble  ingredients,  and  the  remainder  forms  an 
e<arth  or  clay  consisting  chiefly  of  silicate  of  aluminium. 

Carbon  is  the  fundamental  element  of  organic  life.  In  combination 
with  hydrogen,  as  well  as  with  oxygen,  nitrogen  and  sulphur,  it  forrns 
the  various  kinds  of  coal,  and  thus  takes  rank  as  an  important  rook- 
forming  element.  As  carbon-dioxide,  COj,  it  is  present  in  the  air,  in 
rain,  in  the  sea  and  in  ordinary  terrestrial  waters.  This  oxide  is  solu- 
ble in  water, ^  giving  rise  then  to  a  dibasic  acid  tenned  Carbonic  Acid 
(Kohlensaure),  C0(0H)2  or  H2CO3,  which  forms  carbonates,  its  com- 
bination with  calcium  having  been  instrumental  in  the  formation  of 
vast  miBusses  of  solid  rock.  Carbon-dioxide  constitutes  a  fifth  part  of 
the  weight  of  ordinary  limestone. 

Sulphur  (Soufre,  Schwefel),  S,  occurs  uncombined  in  occasional 
deposits  like  those  of  Sicily  and  Naples^  to  be  afterwards  described,  also 
in  union  with  iron  and  other  metals  as  sulphides ;  but  its  principal 
condition  as  a  rock-builder  is  in  combination  with  oxygen  as  sulphuric 
acid  (Schwefelsaure)  H2SO4  which  forms  sulphates  of  lime,  magnesia,  &c. 

Calcium  enters  into  the  composition  of  many  crystalline  rocks  in 
combination  with  silica  and  with  other  silicates.  But  its  most 
abundant  form  is  in  union  with  carbon-dioxide,  when  it  appears  as  the 
mineral,  calcite  (CaCOg),  or  the  rock,  limestone.     Calcium-carbonate, 

'  One  volume  of  water  ut  0°  C.  dissolves  1-7967  volumes  of  carbon -dioxide ;  at  15°  C. 
"..the  amount  is  reduced  to  1*0020  volumes. 
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being  Bolnble  in  water  containing  carbonic  acid,  is  one  of  the  most 
universally  diffused  mineral  ingredients  of  natural  waters.  It  suj^plies 
the  varied  tribes  of  moUusks,  corals,  and  many  other  invertebrates 
with  mineral  substance  for  the  secretion  of  their  tests  and  skeletons. 
Such  too'  has  been  its  office  from  remote  geological  periods,  as  is 
shown  by  the  vast  masses  of  organically-formed  limestone,  which  enter 
BO  coufipioQOUsly  into  the  structure  of  the  continents.  In  combination 
with  sulphuric  acid,  calcium  forms  important  beds  of  gypsum  and 
anhydrite. 

Magnesium}  Potassium  and' Sodium  play  a  less  conspicuous  but. still 
etttiential  part  in  the  composition  of  the  earth's  crust.  Magnesium, 
ill  combination  with  silica,  forms  a  class  of  silicates  of  prime  importance 
in  the  composition  of  volcanic  and  metamorphic  rocks.  As  a  carbonate, 
it  unites  with  •  calcium-carbonate  to  form  the  widely  diffused  rock, 
dolomite.  In  union  with  chlorine,  it  takes  a  prominent  place  among 
the  salts  of  sea- water.  Potassium  or  Sodium,  combined  with  silica, 
is  present  in  small  quantity  in  most  silicates.  In  union  >vith  chlorine, 
as  common  salt,  sodium  is  the  most  important,  mineral  ingredient  of 
sea- water,  and  can  be  detected  in  minute  quantities  in  air,  rain,  and  in 
terrestrial  waters.  In  the  old  chemical  formul»  hitherto  employed  in 
mineralogy  the  metals  of  the  alkalies  and  alkaline  earths  are  re2>ro- 
Hcuted  as  oxides.  Thus  lime  (calcium-monoxide),  soda  (sodium-mon- 
oxide), potash  (potassium-monoxide),  magnesia  (magnesium-oxide),  are 
denoted  as  in  union  with  carbonic  acid,  sulphuric  acid,  silica,  &c., 
forming  carbonates,  sulphates,  silicates  of  lime,  soda,  &c. 

Iron  4ind  Manganese  are  the  two  most  common  heavy  metals, 
tKXJurring  both  in  the  form  of  ores,  and  as  constituents  of  rocks.  Iron 
is  the  great  pigment  of  nature.  Its  peroxide  or  scH(|uioxide,  now  known 
as  ferric  uxide,  forms  large  mineral  manses,  and  together  with  the 
protoxide  or  ferrous  oxide,  occurs  in  smaller  or  larger  proportions  in 
the  great  majority  of  crystalline  rocks,  iron  (as  sulphate  or  in  combi- 
nation with  organic  acids)  is  removed  in  solution  in  the  water  of  springs, 
and  precipitated  as  a  hydrous  peroxide;.  ^langanese  is  commonly 
associated  with  iron  in  minute  proportions  in  igneous  rocks,  and  being 
similarly  removed  in  solution  in  water,  is  thrown  down  as  l)og  manganese 
or  wad. 

Silicic  Acid,  Carbonic  Acid,  and  Suli)huric  Acid  are  the  three 
acids  with  which  most  of  the  bases  that  compose  the  earth's  crust  have 
been  combined.  \Vith  these  wo  may  connect  the  water  which,  besides 
merely  percolating  through  rocks,  or  existing  enclosed  in  the  vesieles 
of  minerals,  has  been  chemically  absorbed  in  the  process  of  hydration, 
and  which  thus  constitutes  more  than  10  or  even  20  per  cent,  of  some 
rocks  (gypsum). 

Although  every  mineral  may  be  made  to  yield  data  of  more  or  less 
geological  significance,  only  those  minerals  need  be  referred  to  here 
which  enter  as  chief  ingredients  into  the  composition  of  rock-masses, 
or  which  are  of  frequent  occurrence   as   accessories,  and  special  note 
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may  bo  taken  of  those  of  their  characters  which  are  of  main  interest 
from  a  geological  point  of  view,  such  as  their  modes  of  occurrence  in 
relation  to  the  genesis  of  rocks,  and  their  weathering  as  indicative  of 
tlic  nature  of  rock-decomposition. 

§  ii.  Bock-forming  Minerals, 

Minerals,  as  constituents  of  rocks,  occur  in  four  conditions,  according 
to  the  circumstances  under  which  they  have  been  produced. 

1.  Crystalliney  as  (o)  more  or  less  regularly  defined  crystals;  (6) 
amorphous  granules,  aggregations  or  crystalloids,  having  an  internal 
ciystalline  structure  in  most  cases  easily  recognisable  with  polarized 
light,  as  in  the  quartz  of  granite ;  (c)  "  crystallites  "  or  "  microliths," 
incipient  forms  of  crystallization,  which  are  described  on  p.  1Q6.  The 
crystalline  condition  may  arise  from  igneous  fusion,  aqueous  solution, 
or  sublimation.* 

2.  Glassy  or  t^Ureous,  as  a  natural  glass,  usually  including  either 
crystals  or  crystallites,  or  both.  Minerals  have  assumed  this  condition 
from  a  state  of  fusion.  The  glass  may  consist  of  several  minerals  fused 
into  one  homogeneous  substance.  Where  it  has  assumed  a  lithoid  or 
stony  structure,  these  component  minerals  crystallize  out  of  the  glassy 
magma,  and  may  be  recognised  in  various  stages  of  growth. 

3.  Colloid,  as  a  jelly-like  though  stony  substance,  deposited  from 
atpieous  solution.  The  most  abundant  mineral  in  nature  whichtakes  the 
colloid  form  is  silica.  Opal  is  a  hardened  colloidal  condition  of  this  sube 
stance.  Chalcedony,  doubtless  originally  colloidal  silica,  now  unites  tlie 
characters  of  quartz  and  opal,  being  only  partially  soluble  in  caustic  potash 
and  partially  converted  into  a  finely  fibrous,  doubly-refracfing  substance. 

4.  Anwrjphous,  having  no  crystalline  structure  or  form,  and  occurring 
in  indefinite  masses,  granules,  streaks,  tufts,  stainings,  or  other  irregular 
modes  of  occurrence. 

A  mineral  which  has  replaced  another  and  has  assumed  the  external 
form  of  the  mineral  so  replaced,  is  termed  a  Pseudonwrph,  A  mineral 
which  encloses  another  has  been  called  a  Perimorph;  one  enclosed 
within  another,  an  Endomorph. 

Minerals  may  either  be  essential  or  accessory,  original  or  secondary 
constituents  of  rocks.  A  mineral  is  an  essential  ingredient  when  its 
ubseuce  would  so  alter  the  character  of  a  rock  as  to  make  it  something 
fundamentally  different.  The  quartz  of  granite,  for  example,  is  an 
essential  constituent  of  tliat  rock,  the  removal  of  which  would  alter  the 
petrographical  species.  All  essential  minerals  are  original  constituents 
of  a  rock,  but  all  the  original  constitu(>nts  are  not  essential.  In  granite, 
for  example,  topaz,  beryl,  sphene,  and  other  minerals  often  occur  under 
circumstanceis  which  show  that  they  crystallized  out  of  the  original 
magma  of  the  rock.  But  they  form  so  trifling  a  proportion  in  the  total 
mass,  and  their  absence  would  so  little  affect  the  general  character  of  that 

'  For  the  microscopic  characters  of  miuerals  and  rocks,  see  p.  99. 
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mass,  that  they  are  regarded  as  accessory,  though  undoubtedly  original 
and  often  important  ingredients.^  Again,  in  rocks  of  eruptive  origin,  the 
essential  ingredients  cannot  be  traced  back  further  than  the  eruption  of 
the  mass  containing  them.  They  are  not  only  original,  as  constituents  of 
the  lava^  but  are  themselves  original  and  non-derivative  mineral^,  pro- 
duced directly  from  the  crystallization  of  molten  minerals  ejected  from 
beneath  the  earth's  crust,  though,  as  Michel-Levy  has  shown,  the  debris 
of  older  ininerals  may  sometimes  be  traced  amidst  the  later  crystals  of 
massive  rocks.*  In  rocks  of  aqueous  origin,  however,  there  are  many, 
such  as  conglomerates  and  sandstx)ne8,  where  the  component  minerals, 
though  original  ingredients  of  the  rocks,  are  evidently  of  derivative 
origin.  The  little  quartz-granules  of  a  sandstone  have  formed  part  of 
the  rock  ever  since  it  was  accumulated,  and  are  its  essential  constituents. 
Yet  each  of  these  once  formed  part  of  some  older  rock,  the  destruction 
of  which  yielded  materials  for  the  production  of  the  sandstone. 

The  same  mineral  may  occur  both  as  an  original  and  as  a  secondary 
constituent.  Quartz,  for  example,  appears  everywhere  in  both  con- 
ditions ;  indeed,  it  may  sometimes  bo  found  in  a  twofold  form  even  in 
the  same  rock,  though  there  is  then  usually  some  difference  between  the 
original  and  secondary  quartz.  A  quartz-felsite,  for  instance,  abounds 
in  original  little  kernels,  or  in  double  pyramids  of  the  mineral,  often 
v'nclosing  fluid  cavities,  while  the  secondary  or  accidental  fonns  occur  in 
veins,  reticulations,  or  other  iiTcgular  aggregates,  distinguished  by  a 
^Kjculiar  chequered  structure  in  polarized  light,  and  by  an  absence  of  the 
crowded  cavities  so  characteristic  in  the  quartz  of  eruptive  rocks. 

Accessory  minerals  frequently  occur  in  cavities  where  they  liave 
had  some  room  to  crystallize  out  from  the  general  muss.  The  "  druHy  ** 
cavities,  or  open  spaces  lined  with  well  developed  cryHtals,  found  iii 
some  granites  are  good  examples,  for  it  is  there  that  the  non-essential 
minerals  are  chiefly  to  l>e  recognised.  The  veins  of  segregation  found 
in  many  cr^'stalline  rocks,  particularly  in  those  of  the  granite  series,  are 
further  illustrations  of  the  original  separation  of  mineral  ingredients 
frum  the  general  magma  of  a  rock  (see  p.  139).  In  some  cases  minerals 
jisbume  a  concretionary  shape,  which  may  bo  observed  chiefly  though 
not  entirely  in  rocks  formed  in  water.  Some  minerals  are  particularly 
prone  to  occur  in  concretions.  Siderite  (ferrous  carbonate)  is  to  be 
found  in  abundant  nodules,  mixed  with  clay  and  organic  matter  among 
c^jnsolidated  muddy  deposits.  ( -alcito  or  calcium-carbonate  is  likewise 
nbuuilantly  concretionary.  Silica  in  the  forms  of  chert  and  flint  ai)pears 
in  irregular  concretions,  in  old  calcareous  formations,  composed  mainly 
of  the  remains  of  marine  organisms. 

Secondary  minerals  have  been  develoi)cd  as  the  result  of  subsequent 

'  Some  of  the  **  accessory  *'  minemld  may  be  of  groat  importance  as  indicative  of 
the  conditions  under  which  the  rock  was  formed. 

-  Bull,  8oc.  Gtol.  France^  3rd  scr.  iii.  100.  See  also  Fou(|iie'  and  IMichel-Levy, 
•  Mineralogie  Micrographique,*  \).  180.  Some  eruptive  rocks  abound  in  corroded  or 
ornnewhat  rounded  or  broken  crystals  which  obviously  have  belonged  to  some  previous 
state  of  conaolidation. 
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changes  in  rocks,  and  are  almost  invariably  due  to  the  chemical  action  of' 
percolating  water,  either  from  above  or  from  below.  Occurring  under 
circumstances  in  which  such  water  could  act  with  effect,  they  are  found 
in  cracks,  joints,  fissures,  and  other  divisional  planes  and  cavities  of 
rocks.  These  subterranean  channels,  frequently  several  feet  or  even 
yards  wide,  have  been  gradually  filled  up  by  the  deposit  of  mineral 
matter  on  their  sides  (see  the  Section  on  Mineral  Veins).  The  cavities 
formed  by  expanding  steam  in  ancient  lavas  (amygdaloids)  have  offered 
abundant  opportunities  for  deposits  of  this  kind,  and  have  accord* 
ingly  been  in  large  measure  occupied  by  secondary  minerals  (amygr 
dules),  as  calcite,  chalcedony,  quartz  and  zeolites. 

In  the  subjoined  list  of  the  more  important  rock-forming  minerals, 
attention  is  drawn  mainly  to  those  features  that  are  of  geological 
importance  ;  the  physical  and  chemical  characters  of  these  minerals  will 
bo  found  in  any  text-book  of  mineralogy.  Reference  is  therefore  made 
hero  to  modes  of  occurrence,  whether  original  or  secondary ;  modes  of 
origin,  whether  igneous,  aqueous,  or  organic ;  pseudomorphs,  that  is,  the 
various  minerals  which  any  given  mineral  has  replaced,  while  retaining 
their  external  forms,  and  likewise  those  which  are  found  to  have 
supplanted  the  mineral  in  question  while  in  the  same  way  retaining 
its  form — a  valuable  clue  to  the  internal  chemical  changes  which 
rocks  undergo  from  the  action  of  percolating  water  (Book  III.  Part  11. 
Section  ii.  §  1  and  2) ;  and  lastly,  characteristics  or  peculiarities  of 
weathering,  where  any  such  exist  that  deserve  special  mention. 

I.  Native  elements  are  comparatively  of  rare  occurrence,  and  only  two  of  them. 
Carbon  and  Sulphur,  occasionally  play  the  part  of  noteworthy  essential  and  accessory 
constituents  of  rocks.  A  few  of  the  native  metals,  more  e8i)cciany  oopper  and  gold,  now 
and  then  appear  in  sufficient  quantity  to  constitute  commercially  imix)rtant  ingredienti} 
of  veins  and  rock-masses. 

Graphite  is  found  chiefly  in  aucient  crystalline  rocks,  as  gneiss,  mica-schist, 
jrranitc,  &c. ;  some  of  the  Laurentiun  limestones  of  Canada  being  so  full  of  the  diffused 
mineral  as  to  be  profitably  worked  for  it;  in  rare  instances  coal  hiis  been  observed 
changed  into  it  by  intrusive  basalt  (Ayrshire).  Probably  in  most  cases  graphite  results 
from  the  alteration  of  imbedded  organic  matter,  especially  remains  of  plants ;  oc- 
casionally it  is  obser\'ed  as  a  pseudomorph  after  calcite  and  pyrites,  and  sometimes 
enclosing  sphene  and  other  minerals.* 

Sulphur  occurs  Ist,  as  a  product  of  volcanic  action  in  the  vents  and  fissures 
of  active  and  dormant  C€>ne8.  Volcanic  sulphur  is  formed  from  the  oxidation  of  the 
sulphuretted  hydi-ogen,  80  coj^iously  emitted  with  the  steam  that  issues  from  volcanic 
vcut«,  as  at  the  Solfatara,  near  Naples.  It  may  also  be  pro<luced  by  the  mutual 
docomiwsition  of  the  same  gas  and  anhydrous  sidphuric  acid.  2nd,  in  beds  and 
layers,  or  diffused  particles,  residting  from  the  alteration  of  i)revious  minerals, 
particularly  sidphates,  or  from  deix)sit  in  water  tlirough  decomjiositiou  of  sulphuretted 
liydrogen.  The  frequent  crystallization  of  suljOiur  shows  that  the  mineral  must 
have  been  formed  at  ordinary  temperatures,  for  its  natural  crystals  melt  at  238*1°  Fahr. 
Its  formation  may  be  observed  in  progress  at  many  sulphureous  springs,  where  it  falls 
to  the  bottom  as  a  pale  mud  through  the  oxidation  of  the  sulphuretted  hydrogen 
in  the  water.    It  occurs  in  Sicily,  Spain  and  elsewhere,  in  beds  of  bituminous 

>  Vom  Kath.  SUzutigtfher.  Wien,  AhaiL  x.  p.  G7 ;  Sullivan  in  Jukes*  •  I^Ianual  of 
Geology,'  3rd  edit.  (1872)  p.  56. 
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limestone  and  gypsum.    These  strata,  sometimes  full  of  remains  of  fresh-water  shells 
and  plants,  are  interlaminated  with  sulphur,  the  very  sholls  being  not  infrequcntlv 
replaced  by  this  mineral.    Hero  the  presence  of  the  sulphur  may  ho  traced  to  the 
redaction  of  the  calcium-sulphate  to  the  state  of  sul])hirle,  through  the  action  of  the 
decomposing  organic  matter,  and  the  subsequent  production  and  decomxx>8ition  of 
aulphniettod  hydrogen,  with  consequent  liberation  of  sulphur.*    The  sulphur  deiwsits 
of  Sicily  famish  an  excellent  illustration  of  the  alternate  deposit  of  sulphur  au<l 
limestone.    They  consist  mainly  of  a  marly  limestone,  through  which  the  sulphur 
is  partly  disseminated  and  partly  interstratified  in  thin  laminsa  and  thicker  layers, 
some  of  which  are  occasionally  28  feet  deep.    Below  these  dci^sits  lie  older  Tertiary 
gypseoos  formations,  the  decomposition  of  wliich  has  probably  pnxluccd  the  deposits 
of  sulphur  in  the  overlying  more  recent  lake  basins.*    The  weathering  of  sulphur 
is  exemplified  on  a  considerable  scale  at  these  Sicilian  deposits.    The  sulphur,  in 
presence  of  limestone,  oxygen,  and  moisture,  becomes  sulphuric  acid,  which  combiniup; 
with  the  limestone,  forms  gypsum,  a  curious  return  to  what  was  probably  the  original 
substance  from  the  decomposition  of  which  the  sulphur  was  derived.  Hence  the  site  of  tlic 
outcrop  of  the  sulphur  beds  is  marked  at  the  surface  by  a  white  earthy  rock,  or  borscale, 
which  is  regarded  by  the  minors  in  Sicily  to  be  a  sure  indication  of  sulphiu'  underneath, 
as  the  gossan  of  Cornwall  is  indicative  of  underlying  metalliferous  veins.' 

Iron,  the  most  important  of  all  the  metals,  is  found  only  sparingly  in  the  native 
state,  in  blocks  which  have  fallen  as  meteorites,  also  in  grains  or  dust  euclosetl  in 
hailstones,  in  snow  of  the  Alps,  Sweden  and  Siberia,  in  the  mud  of  the  ocean  floor  at 
remoie  distances  from  land,  and  in  some  eruptive  rocks.  There  caw  be  no  doubt  that  a 
small  bat  constant  snpply  of  native  iron  (cosmic  dust)  is  falling  upon  the  earth's  surface 
from  outside  the  terrestrial  atmosphere.^  This  iron  is  alloyed  with  nickel,  and  contains 
small  quantities  of  cobalt,  copper  and  other  ingredients.  Dr.  Andrews,  however, 
showed  in  1852  that  native  iron,  in  minuto  spicules  or  granules,  exists  in  some  basalts 
and  other  volcanic  rocks,'  and  Mr.  J.  Y.  Buchanan  has  recently  detected  it  in 
appreciable  quantity  in  the  gabbro  of  the  west  of  Scotland.  It  occurs  also  in  basalts 
of  Bohemia  and  Greenland.* 

*  Braun,  BuU.  Soc.  Geol  France^  Ist  ser.  xii.  p.  171. 

'  Memorie  dal  R.  Comilato  Geolagico  ^Italiay  i.  (1871). 

'  Journ.  Soc.  ArUy  1873,  p.  170.  E.  Ledoux,  Ann.  (h:n  Miiniit,  7'"«  ser.  vii.  p.  1.  The 
Hicilian  sulphur  beds  belong  to  the  Oeningen  stage  of  the  Upper  Tertiary  deposits. 
They  contain  numerous  plants  and  some  insects.  H.  T.  Qeyler,  PaVwntographicn,  xxiii., 
U^J.  9,  p.  317.    Von  Lasaulx,  Neiies  JdhrJ).  1879,  p.  490. 

*  8ee  Ehrenberg,  Frorieps  Notizen,  Feb.  184G  ;  Nordenskiohl,  Compter  rendwt^  Ixxvii. 
p.  463,  Ixxviii.  p.  236.  Tissandier,  op.  eit.  Ixxviii.  p.  821,  Ixxx.  p.  58,  Ixxxl.  p.  576, 
See  Ixxv.  (1872)  p.  683.  Yung,  Rail.  Soc.  Vaudoise  Set.  Nat.  (1876),  xiv.  p.  493. 
Ranyard,  Monthly  Not.  Roy.  Antron.  Soc.  xxxix.  (1879)  p.  161  T.  L.  Pliipson, 
('omplt't  rend.  IxxxiiL  p.  364.  A  Committee  of  the  British  Association  was  appointed 
in  1880  to  investigate  the  subject  of  cosmic  dust.    See  its  reports  for  1881-8^. 

*  RrU  Agnoc  Rep.  1852. 

*  Nordenskiold  describes  fifteen  blocks  of  iron  on  the  island  of  Disco,  Greenland,  tho 
weight  of  the  two  largest  being  21,000  and  8,000  kilogrammes  (20  nnl  8  tons, 
respectively).  He  observed  that  at  tho  same  locality,  tho  underlying  Ixisiilt  contains 
lenticular  and  disc-shaped  blocks  of  precisely  similar  iron,  and  inferred  that  the  whole  of 
the  blocks  may  belong  to  a  meteoric  shower  which  fell  during  the  time  (Tertiary)  when 
the  basalt  was  poured  out  at  tho  surface.  He  dismisses  the  suo^gestion  that  the  iron  could 
possibly  be  of  telluric  origin  {Ged.  Mag.  ix.  (1872;  p.  462).  But  the  microscope  reveals 
in  this  basalt  the  presence  of  minute  particles  of  native  iron  which,  assr>ciAted  with  viridite, 
are  moulded  round  the  crystals  of  labradorite  and  augito  (Fouquc'  and  Michel -Lc^vy, 
op.  cU.  p.  443).  Steenstrup,  Daubree,  and  others  appear  therefore  to  Ix)  justified  iu 
regarding  this  iron  as  derived  from  the  inner  metallic  portions  of  the  globe,  which  lie  at 
depths  inacoessible  to  our  observations,  but  from  which  the  vast  Greenland  basalt 
emptioDs  have  brought  up  traces  .to  the  surface  (K.  J.  T.  StcenHtnip.  Vid.  Medd.  Nat, 
Foren.  Copenhagen  (1875)  No.  16-19,  p.  284.  Zeitxch.  DeuUch.  Geol.  Ge^.  xxviii.  (1876) 
p.  225;  Mineralog.  Mag.  July,  1884.  F.  Wohlor,  NeiK^j^  Jahrb.  1879,  p.  832.  Daubree, 
Diteoun  Acad,  Sci.  1  March  1880,  p.  17.    W.  Flight,  Geol,  Mag.  ii.  (2nd  ser.)  p.  152. 
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In  the  great  majority  of  cases  the  Qxidu  occor  oombined  with  some  add.  A  few 
uncombined  take  a  piomiiient  place  as  essential  constituents  or  frequent  ingredients 
of  rocks,  especially  the  oxides  of  silicon  and  iron. 

2.  Silica  (SiO,)  is  found  in  three  chief  forms,  Quartz,  Tridymite,  and  OpaL 

Quarts  is  abundant  as  (1)  an  essential  constituent  of  rooks,  as  in  granite, 
gneiss,  mica-schist,  quartz-trachyte,  quartz-porphyry,  sandstone;  (2)  an  acoessorj 
ingredient,  wholly  or  partially  filling  veins,  joints,  cracks  and  cavities.  It  has  been 
produced  from  (a)  igneous  action,  as  in  yolcanio  rocks ;  (6)  aquo-igneous  or  plutonio  aetkm, 
as  in  granites,  gneisseSi  &c. ;  (e)  solution  in  water,  as  where  it  lines  cavitiee  or  replaces 
other  minerals.  The  last  mode  of  formation  is  that  of  the  crystallized  quartz  and 
chalcedony  found  as  secondary  ingredients  in  rocks. 

Tho  study  of  the  endomorphs  and  pseudomorphs  of  quartz  is  of  great  importance  in 
the  investigation  of  the  history  of  rooks.  No  mineral  is  so  conspicuous  for  the  variety 
of  other  minerals  enclosed  within  it.  In  some  secondary  quartz-ciystals,  each  prism 
forms  a  small  mineralogioal  cabinet  enclosing  a  dozen  or  more  distinct  minerals,  as 
rutilo,  hsDmatite,  limonite,  pyrites,  chlorite,  and  many  others.^  Quartz  may  be 
observed  replacing  calcite,  aragonite,  siderite,  gypsum,  rock-salt,  hssmatite,  ftc  This 
facility  of  replacement  constitutes  silica  one  of  the  most  valuable  petrifying  agents  in 
nature.  Organic  bodies  which  havo  been  silicified  retain,  often  wltti  the  utmost 
perfection,  their  minutest  and  most  delicate  structures. 

Quartz  may  usually  be  identified  by  its  external  characters,  and  especially  by  its 
vitreous  lustre  and  haziness.  When  in  the  form  of  minute  blebs  or  crystals,  it  may  be 
recognised  in  many  rocks  with  a  good  lens.  Under  the  microscope,  it  presents  a 
characteristic  brilliant  chromatic  polarization,  with  no  trace  of  any  alteration  of  its 
borders ;  while  chalcedony  displays  a  minute  concentric  radial  structure  giving  a  black 
cross  between  crossed  Nicols.  Where  it  is  an  original  and  essential  constituent  of  a 
rock,  quartz  very  commonly  contains  minute  rounded  or  irregular  cavities  or  pores, 
partially  filled  with  liquid.  So  minute  are  these  cavities  that  a  thousand  millions  of 
them  may,  when  they  are  closely  aggregated,  lie  within  a  cubic  inch.  The  liquid  is 
chiefly  water,  not  uncommonly  containing  sodium  chloride  or  other  salt,  sometimes  liquid 
carbon-dioxide  and  hydro-carbons.* 

Bock-crystol  and  crystalline  quartz  resist  atmospheric  weathering  with  great  per- 
sistence. Hence  the  quartz-grains  may  usually  be  easily  discovered  in  the  weathered 
crust  of  a  quortzlferous  igneous  rock.  But  corroded  quartz-crystals  have  been 
observed  in  exposed  mountainous  situations,  with  their  edges  rounded  and  eaten  awaj.' 
The  chalcedouic  and  more  or  less  soluble  forms  of  silica  are  more  easily  affected.  Flint 
and  many  forms  of  coloured  chalcedony  weather  with  a  white  crust.  But  it  is  chiefly 
from  the  weathering  of  silicates  (especially  through  the  action  of  organic  adds)  that 
the  soluble  silica  of  natural  waters  is  derived.    Book  IIL  Port  II.  Section  ii.  §  7. 

Tridyinite«  has  been  met  with  chiefly  among  volcanic  rocks  (trachytes,  andesitea^ 
&c.),  botii  as  an  abundant  constituent  of  those  which  have  been  poured  out  in  the 
form  of  lava,  and  also  in  ejected  blocks  (Vesuvius).^ 

Opal,  a  hydrous  condition  of  silica  formed  from  solution  in  water,  is  usually 
disseminated  in  veins  and  nests  through  rocks.  Semi-opal  occasionally  replaces  the 
original  substance  of  fossil  wood  (wood-opal).  Several  forms  of  opal  are  deposited  by 
geysers,  and  are  known  under  the  general  appellation  of  sinters.    Closely  allied  to  the 


'  See  Sullivan,  in  Jukes'  *  Manual  of  Geology,*  3rd  edit.  (1872),  p.  61. 

«  See  Brewster,  Tram,  Boy.  8oc,  Edin.  x.  p.  1.  Sorby,  QuaH.  Jaum.  Geol  8oc.  xiv. 
p.  453.  Proc,  Boy.  8oo.  xv.  p.  153 ;  xvii.  p.  299.  Zirkel,  *  Mikroskopische  Beschaffenheit 
dor  Mineralien  und  Gestoine,*  p.  39.  Bosenbusch,  *  Mikroskopische  Physiographie,' 
L  p.  30.  Hartley,  Joum.  Chem.  Soo,  February,  1876.  The  occurrence  of  fluid-cavitieB 
in  the  crystals  of  rocks  is  more  fully  described  in  Part  II.  §  iv.  of  this  Book. 

*  Both,  Chem,  Qtol.  i.  p.  94. 

«  Vom  Bath,  Z,  DeuUch.  Oeol.  Ges.  xxv.  p.  236, 1878. 
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opds  are  iba  fbmiB  in  which  bydions  silica  appears  iu  the  organic  world,  where  it 
eonsfcitiitee  the  frnstnles  of  diatoms,  and  the  skeletons  of  radiolaria,  &o.  Tripoli  powder 
(Kiesrignhr),  randanite,  and  other  similar  earths,  are  composed  mainly  or  wholly  of  the 
remains  of  diatoms,  Ac 

Ckimndtim,  almninium-ozide,  is  found  in  crystalline  rooks,  particularly  in  certain 
•eipentines  and  schists,  gneiss,  granite,  dolomite,  and  rooks  of  the  metamorphio  series. 

8.  Imv  OzD>n«— Four  minerals,  composed  mainly  of  iron  oxides,  occur  abundantly  as 
ewmfisl  and  waoeuoty  ingredients  of  rocks.  HaBmatite,  Limonite,  Magnetite,  and 
ntanioiroo. 

Hnmtlto  (Fer  oligiste,  Botheisen,  Eisenglanz,  Fe2O,=Fe70,O30)  in  the  orys- 
talliiad  Ibnu  oooon  in  Tsina,  as  well  as  linmg  canties  and  fissures  of  rocks.  The 
fibfom  and  move  oommon  form  (which  often  has  portions  of  its  mass  passing  into  the 
erjBtalliaed  eondition)  lies  likewise  in  strings  or  veins;  also  in  cavities,  which,  when  of 
large  lize,  have  given  opportunity  for  the  deposit  of  great  masses  of  hiematite,  as  in 
cavemoos  limestones  (Westmoreland).  It  occurs  with  other  ores  and  minerals  as  an 
abundant  oomponent  of  mineral  veins,  likewise  in  beds  interstratifled  with  sedimentary 
or  schistose  rooks.  Scales  «nd  specks  of  opaque  or  clear  bright  red  hematite,  of 
fteqoent  oocunenoe  in  the  crystals  of  rooks,  give  them  a  reddish  colour  or  peculiar 
Instie  (perthite,  stilbite).  Httmatito  appears  abundantly  as  a  product  of  sublimation  in 
defts  of  volcanic  cones  and  lava  streams ;  also  in  veins  and  beds,  and  as  the  earthy 
pigment  that  gives  a  red  colour  to  sandstones,  clays  and  other  rocks.  It  is  probably  in 
most  oases  a  deposition  from  water,  resulting  from  the  alteration  of  some  previous  soluble 
eombination  of  the  metal,  such  as  the  oxidation  of  the  sulphate.  It  is  found 
psendomorphous  after  ferrous  carbonate,  and  this  has  probably  been  the  origin  of  beds  of 
red  ochre  occasionally  intercalated  among  stmtified  rooks.  It  likewise  replaces  calcite, 
dolomite^  quarts,  baiytes,  pyrites,  magnetite,  rook-salt,  fluor-spar,  &c. 

Iilmonite  (Brown  iron-ore,  2FetO,+8H20=Fe20,  85*56,  H^O  14-44),  occurs  in 
beds  among  stratified  formations,  and  may  be  seen  in  the  course  of  deposit,  through 
the  action  of  organic  acids,  on  marsh-land  (bog-iron-ore)  and  lake-bottoms.  (Book  IV. 
Part  n.  Section  iii.)  In  the  form  of  yellow  ochre,  it  is  precipitated  from  the  waters  of 
chalybeate  springs  containing  green  vitriol  derived  from  the  oxidation  of  iron-sulphides.' 
It  is  a  oommon  decomposition  product  in  rocks  containing  iron  among  their  constituents. 
It  is  thus  always  a  secondary  or  derivative  substance,  resulting  from  chemical  alteration. 
The  peeudomorphous  forms  of  limonite  show  to  what  a  largo  exteut  combinations  of 
iron  are  carried  in  solution  through  rocks.  The  mineral  has  been  found  replacing 
OQloite,stderite,  dolomite,  haematite,  magnetite,  pyrite,  marcasite,  galena,  blende,  gypsum, 
borytes,  fluor-spar,  pyroxene,  quartz,  garnet,  beryl,  &a 

Magnetite  (Fer  oxydul<^,  Magnetcison,  Fe,04),  occurs  abundantly  in  some  schists, 
in  scattered  octohedral  crystals ;  in  crystalline  massive  rocks  like  granite,  in  diffused 
grains  or  minute  crystals ;  among  some  schists  and  gneisses,  (Norway  and  the  eastern 
states  of  North  America)  in  massive  beds ;  in  basalt  and  other  volcanic  rocks,  as  an 
essential  constituent,  in  minute  octohedral  crystals,  or  in  granules  or  crystallites. 
Likewise  found  as  a  pseudomorphous  secondary  product,  resulting  from  the  alteration 
of  some  previous  mineral,  as  luomatite,  pyrite,  quartz,  hornblende,  augitc,  garnet  and 
sphene.  Oocurs  with  haematite,  &c.,  as  a  product  of  sublimation  at  volcanic  foci,  where 
chlorides  of  the  metals  in  presence  of  steam  are  resolved  into  hydrochloric  acid  and 
anhydrous  oxides.  It  may  thus  result  from  either  aqueous  or  igneous  operations.  It 
is  liable  to  weather  by  the  reducing  effects  of  decomposing  organic  matter,  whereby  it 
becomes  a  carbonate,  and  then  by  exposure  passes  into  the  hydrous  or  anhydrous 
peroxide.  The  magnetite  grains  of  basalt-rocks  are  very  generally  oxidized  at  the 
snriace,  and  sometimes  even  for  some  depth  inward. 

Tltanio  Iron  (Titaniferous  Iron,  Menaooonite,  Bmenite,  Fer  titan^,  Titanciscn 


Sullivan,  Jukes' '  Manual  of  Geology,'  p.  G3. 
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(Fo  TO^OJjOocun  in  scattered  grains,  plates,  and  crystals  as  an  abundant  c(msiituent  of 
many  crystalline  rocks  (basalt-rocks,  diabase,  gabbro,  and  other  igneous  masses) ;  also  in 
veins  or  beds  in  syeniteit  serpentine,  and  metamorpbic  rocks.^  Scarcely  to  be  distinguisbed 
from  magnetite  vrhen  seen  in  small  particles  under  the  microscope,  but  possessing  a 
brown  semi-metollio  lustre  with  reflected  light;  resists  corrosion  by  acids  when  the 
powder  of  a  rock  containing  it  U  exposed  to  their  action,  while  magnetite  is  attacked 
and  dissolved.  Titanic  iron  frequently  resists  weathering,  so  that  its  black  glossy 
granules  project  from  a  weathered  surface  of  rock.  In  other  cases,  it  is  deoompoee<jl 
either  by  oxidation  of  its  protoxide,  when  the  usual  brown  or  yellowish  colour  of  the 
hydrous  ferric  oxide  appears,  or  by  removal  of  the  iron.  The  latter  is  believed  to  be 
the  origin  of  a  peculiar  milky  white  opaque  substance,  frequently  to  be  observed  under 
the  microscope,  surrounding  and  even  replacing  crystals  of  titanic  iron,  and  named 
Leucoxene  by  Giimbel.' 

4.  Manganese  Oxides  are  frequently  associated  with  those  of  iron  in  ordinary  rock- 
forming  minerals,  but  in  such  minute  proportions  as  to  have  been  generally  neglected  in 
analyses.  Their  presence  in  the  rocks  of  a  district  is  sometimes  shown  by  deposits  of 
the  hydrous  oxide  in  the  forms  of  Psilomelane  (HxMnOf+H^O),  and  Wad  (MnO, 
+MnO+H.O).  These  deposits  sometimes  take  place  as  black  or  dark  brown 
branching,  plant-like  or  deiulritic  impressions  between  the  divisional  planes  of  close- 
grained  rocks  (limestone,  felsite,  &c.),  sometimes  as  accumulations  of  a  black  or  brown 
earthy  substance  in  hollows  of  rocks,  and  occasionally  as  deposits  in  marshy  places,  like 
those  of  bog-iron-ore. 

5.  Silicates. — These  embrace  by  far  the  largest  and  most  important  series  of  rock- 
forming  minerals.  Tlieir  chief  groups  are  the  anhydrous  aluminous  and  magnesian 
silicates  embracing  the  Felspars,  Hornblendes,  Augites,  Micas,  &c,  and  the  hydrous 
silicates  which  include  tlie  Zeolites,  Clays,  talc,  chlorite,  serpentine,  &c. 

The  family  of  the  Felspars  forms  one  of  the  most  important  of  all  the  constituents 
of  rocks,  seeing  that  its  members  constitute  by  much  the  largest  portion  of  the  plutonio 
and  volcanic  rocks,  are  abundantly  present  among  many  crystalline  schists,  and  by 
their  decay  have  supplied  a  great  part  of  the  clay  out  of  which  argillaceous  sedimentary 
formatious  have  been  constructed. 

The  felspars  are  usually  divided  into  two  series.  1st,  The  orthoclastic  or  monoolinio 
felspars,  consisting  of  two  species  or  varieties,  Orthoclase  and  Sanidine ;  and  2nd,  The 
plagioclastic  or  triclinic  felspars,  among  which,  as  constituents  of  rocks,  may  be 
mentioned  the  species  albite,  anorthite,  oligoclose,  andesine,  labradorite,  and  microcline. 

Orthoclase  (K^O  16*89,  Al^Os  18-43,  SiOt  6468),  occiurs abundantly  as  an  original 
constituent  of  many  crystalline  rocks  (granite,  syenite,  felsite,  gneiss,  &c.),  likewise 
in  cavities  and  vcininga  In  which  it  has  segregated  from  the  surrounding  mass 
(])egmatite) ;  seldom  found  in  unaltered  sedimentary  rocks  except  in  fragments 
derived  from  old  crystalline  masses;  generally  Dssociated  with  quartz,  and  often 
with  hornblende,  while  the  felspars  less  rich  in  silica  more  rarely  accompany  firee 
quartz.  It  is  both  an  original  constituent  of  plutonic  and  old  volcanic  rocks  (granite, 
felsite,  &c.),  and  a  result  of  the  mctamorphism' that  has  produced  foliated  masses 
of  gneiss  and  various  schists.  A  few  examples  have  been  noticed  where  it  has 
replaced  other  minerals  (prehnite,  analcime,  laumontite).  Under  the  microscope  it 
is  recognisable  from  quartz  by  its  characteristic  cleovage,  twinning,  turbidity,  and 
frequent  alteration,*     Orthoclase  weathers  on  the  whole  with  comparative  nipidity, 

'  Some  of  the  Canadian  masses  of  this  mineral  are  90  feet  thick  and  many  prds  in 
length. 

.  *  f  Pie  Pal'aolitische  Eruptivgesteine  dcs  FichtelgebirgosJ  1874,  p,  29.    S^  Boseu- 
busch,  Mik,  Physiog.  ii.  p.  836.    De  la  Yallce  Poussin  and  Bcnard,  Mim,  CouronnSe* 
Acad,  Boy,  de  Belgique,  1876,  xl.  Plate  vi.  pp.  34  and  35.    Fouqu^  and  Michel-L^vy, 
'•Mineralogie  Micrograph.*  p.  426.  - 

•  On  microscopic  determination  of  felspars,  see  Fouqu<J  and  Michel-L^vy,  op,  eit. 

pp.  fcUy,  ££7t 
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though  dnrable  Tarieties  are  known.    The  alkali  and  some  of  the  nlica  are  removed 
and  the  mineral  passes  into  clay  or  kaolin  (p.  73). 

8anidine,the clear  glassy  fissnred  variety  of  orthoclase so oonspionons  in  the  more 
silioated  Tertiary  and  modem  lavas,  occurs  in  some  trachytes  in  large  flat  tables  (hence 
the  name  ''sanidine"};  more  commonly  in  fine  clear  or  grey  crystals  or  crystalline 
graavlea;  an  eminently  volcanic  mineral. 

Fbtfl^oeUse  (Triolixiio)  Felapars.— While  the  different  felspars  which 
cryakalliae  in  the  triolinio  system  may  be  moi^  or  less  easily  distinguished  in  largo 
crystals  or  crystalline  aggregates,  they  ace  difficult  to  separate  in  the  minute  forms  in 
wliSeli  they  bommonly  occur  as  rock  constituents.  They  have  been  grouped  by  petro- 
giaphan  imder  the  general  name  Plagioclase  (with  oblique  cleavage),  proposed  by 
Tsofaennak,  who  regards  them  as  mixhires  in  vicious  proportions  of  two  fundamental 
compoonds— albite  or  soda- felspar,  and  anorthite  or  lime-felspar. 

They  occur  mostly  in  well  developed  crystals,  partly  in  irregular  crystalline 
gtains.  On  a  fresh  fracture,  their  crystals  often  appear  as  clear  glassy  strips,  on  which 
may  usually  be  detected  a  fine  parallel  lineation  or  ruling,  indicating  a  chamcterisiic 
polysynthetie  twinning  which  never  appears  in  orthodsse.  A  felspar  striated  in  this 
manner  can  thus  be  at  once  pronounced  to  be  a  tridinic  form,  though  the  distinction  is 
not  invariably  present  Under  the  microscope,  the  fine  parallel  lamcllation  seen  with 
polarized  liglit  forms  one  of  the  most  distinctive  features  of  this  group  of  felspars.  Thu 
ekicf  triclinic  felspars  are,  Microcline  (potash-felspar,  K,Al,Si«0,fl) ;  occurs  in  granites 
and  some  gneisses,  &e.;  Albite  (soda-felspar  Na^O  11*82,  Al^O,  lOoO,  SiO^  G8G2), 
occurs  in  some  granites,  and  in  several  volcanic  rocks ;  (soda-lime  and  lime-soilu 
felspars)  Oligodase,  Na,0  8-2,  CaO  4*8,  Al^O,  23*0,  8iO,  62*8)  occurs  in  many  granites 
and  other  eruptive  rocks;  Andcsine  (Na,0  7*7,  CaO  7*0,  A1,0,  25*6,  BiOj  60*0)  occurs 
in  some  syenites,  &c. ;  Labradorite  (No^O  4*6,  CaO  12*4,  Al^O,  30-2^  SiO,  52*9), 
an  essential  constituent  of  many  lavas,  &c.,  abundant  in  masses  in  the  azoic  rocks  of 
Canada,  &c. ;  Anorthite  (lime-fel^ar,  CaO  2010,  AljO,  36*82,  SiO.  43*08)  occurs  in  many 
vulcanic  rocks,  sometimes  in  granites  and  metamorphic  rocks. 

The  triclinic  felspars  have  been  produced  sometimes  directly  from  igneous  fusion,  as 
can  be  studied  in  many  lavas,  where  one  of  tho  first  minerals  to  appear  in  the  devitrifi- 
cation of  the  original  molten  glass  is  the  labradorite  or  other  plagioclase.  In  other 
cases,  they  have  resulted  from  the  operation  of  the  processes  to  which  tho  formation  of  thu 
crystalline  schists  was  due ;  large  beds  as  well  as  abundant  diff'usod  strings,  veiuings, 
aud  crystals  of  triclinic  felspar  (labradorite)  form  a  marked  feature  among  the  ancient 
gneisses  of  Eastern  Canada.  The  more  highly  silicatod  species  (albite,  oligoelnsc) 
occur  with  orthoclase  as  essential  constituents  of  many  granites  and  other  pliitonic 
rocks.  The  more  basic  forms  (labradorite,  anorthite)  are  generally  absent  where  free 
silica  is  present ;  but  occur  in  the  more  basic  igneous  rocks  (basalts,  &c.). 

Considerable  differences  are  presented  by  the  triclinic  felspars  in  regard  to  woatlicring. 
On  an  exposed  face  of  rock  they  lose  their  glassy  lustre  and  become  white  and  opaque. 
This  change,  as  in  orthoclase,  arises  from  loss  of  bases  and  silica  and  from  hydration. 
Traces  of  carbonates  may  often  be  observed  in  weathered  crystals.  The  original  steuni 
cavities  of  old  volcanic  rocks  have  generally  been  filled  with  infiltrated  minerals,  wJiich 
in  many  cases  have  resulted  from  the  weathering  and  dcoomposition  of  the  triclinic 
felspars.  Calcite,  prehnite,  aud  the  family  of  zeolites  have  been  abundantly  produced  in 
tliis  way.  The  student  will  usually  observe  that  where  these  minerals  abound  in  the 
colla  and  crevices  of  a  reck,  the  rock  itself  is  for  tho  most  part  proportionate]}- 
decomposed,  showing  tho  relation  that  subsists  between  infiltration-products  and  the 
decomposition  of  the  surrounding  mass.  Abundance  of  ca^lcite  in  veins  and  cavities  of 
a  felspathic  rook  affords  good  ground  for  suspecting  tho  presence  in  the  latter  of  a 
l{me  felspar.' 

.    '  A  valuable  essay  on  the  stages  of  the  weathering  of  triclinic  felspar  ns  revealed  by 
the  microscope  was  published  by  6.  Rose  in  1867.    ZeiUch.  Deutsrh,  Geol.  Get.  xix.  p.  276. 
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SauBsnritey  believed  to  be  often  a  mixtme  of  plagioclaae  and  nnsifte,  fonns  with 
diallage  some  yarietiee  of  gabbro,  and  is  abandaotly  aaaociaied  in  others  with  labradorite, 
or  with  hornblende.  Under  the  microBcope  it  presents  a  oonfnsed  aggregate  of 
crystalline  needles  and  grannies  imbedded  in  an  amorphous  glass-like  matrix. 

Leuoite  (K,0  21*58,  Al^O,  23*50,  SiO,  54*97)  is  a  markedly  yolcanio  mineral,  oocnr- 
ring  as  an  abundant  constituent  of  many  ancient  and  modem  Italian  lavas^  and  in 
some  varieties  of  basalt.  Under  the  microscope  sections  of  this  mineral  are  usually 
eight-sided,  and  very  commonly  contain  enclosures  of  magnetite,  Arc,  conforming  in 
arrangement  to  the  external  form  of  the  crystal. 

Nepheline  (Na,0 17*04,  A1«0, 35*26,  K,0  6*46,  SiO,  41*24),  essentially  a  volcanic 
mineral,  being  an  abundant  constituent  of  phonolite,  of  some  Yesuvian  lavas,  and 
of  some  forms  of  basalt,  presents  under  the  microscope  various  six-sided  and  even 
four-sided  forms,  according  to  the  angles  at  which  the  prisms  are  cut^  Under  the  name 
of  Ekedite  ore  comprised  the  greenish  or  reddish,  dull,  greasy-lustred,  compact  or  massive 
varieties  of  nepheline,  which  occur  in  some  syenites  and  other  ancient  crystalline  rocks. 

The  Mica  Family  embraces  a  number  of  minerals,  distinguished  especially  by 
their  very  perfect  basal  cleavage,  whereby  they  can  be  split  into  remarkably  thin  elastic 
lominse,  and  by  a  predominant  splendent  pearly  lustre.  They  consist  essentially  of  silicates 
of  alumma  and  potash  or  magnesia,  usually  with  some  oxide  of  iron,  but  little  or  no  lime. 

Muscovite  (Potash-mica,  Glimmer,  K,0  3*07-12*44,  Na^O  0-4*10,  FeO  0-1*16, 
Fe^O,  0-46-8*80,  m|:0  0*37-3  08,  A1,0,  28*05-38*41,  SiO,  43*47-51*73,  H,0  0*98- 
6*22),  abundant  as  an  original  constituent  of  many  crystaJIine  rocks  (granite,  &o.), 
and  as  one  of  the  characteristic  minerals  of  the  crystalline  schists ;  also  in  many 
sandstones,  where  its  small  parallel  flakes,  derived,  like  the  surrounding  quartz  grains, 
from  older  crystalUno  masses,  im|>art  a  silvery  or  "  micaceous "  lustre  and  fissility  to 
the  stone.  Under  the  microscope,  thin  plates  of  musoovite  give  bright  chromatic  polari- 
zation when  cut  parallel  to  the  basal  cleavage.  But  as  the  sections  of  the  mineral 
displayed  in  a  thin  slice  of  any  rock  rarely  coincide  with  the  cleavage,  but  traverse  it  at 
various  angles,  they  appear  usually  as  narrow  bands  with  fine  parallel  lines  which  mark 
the  planes  of  cleavage.*  The  persistence  of  muscovite  under  exposure  to  weather  is 
shown  by  the  silvery  plates  of  the  mineral,  which  may  be  detected  on  a  orumbliDg 
surface  of  granite  or  schist  where  most  of  the  other  minerals,  save  the  quartz,  have 
decayed  ;  also  by  the  frequency  of  tho  micaceous  lamination  of  sandstones. 

Biotite  (Magnesia-mica,  MgO  10-30  per  cent),  occurs  abundantly  as  an  original 
constituent  of  many  granites,  gneisses,  and  schists ;  also  sometimes  in  ba&alt,  trachyte^ 
and  as  ejected  fragments  and  .'crystals  in  tuff.  Its  small  scales,  when  cut  transvenn  to 
the  dominant  cleavage,  may  usually  be  detected  under  the  microscope  by  their  remark- 
ably strong  dichroism,  their  fine  parallel  lines  of  cleavage,  and  their  frequently  frayed 
appearance  at  the  ends.  Under  the  action  of  the  weather  it  assumes  a  pale,  dull,  soft 
crust,  owing  to  removal  of  its  bases.  The  mineral  rvbeUan^  which  occurs  in  hexagonal 
brown  or  red  opaque  inelastic  tables  in  some  basalts  and  other  igneous  rocks,  is  regarded 
OS  an  altered  form  of  biotite. 

Lepidolite  (Lithia-mica),  occurs  in  some  granites  and  crystalline  schists,  espedally  in 
veins.  Several  hydrous  varieties  of  Mica  are  distinguished— Damourite,  merely  a  variety 
of  muscovite,  occurs  among  crystallino  schists;  Sericito,  a  talc-like  variety  of  muscovite, 
occurring  in  soft  inelastic  scales  in  some  schists;*  Margarodite,  a  silvety,  talc-like 
hydrous  mica,  widely  diffused  as  a  constituent  of  granite  and  other  crystalline  rocks ; 
Paragonite,  a  scaly  micaceous  mineral,  forms  the  main  mass  of  certain  alpine  schists. 


*  On  the  microscopic  distinction  between  nepheline  and  apatite,  see  Fouqu€  and 
Michel-L^vy,*  Mineral.  Micrograplu*  p.  276. 

2  On  the  microecopic  determmation  of  the  micas,  see  Fouque  and  Michel-L^vy,  op.  ciU 
p.  ooo. 

*  On  the  occurrence  of  this  mineral  in  schists,  see  Lossen,  Zeittch.  DeuUch.  OeoL  Ges, 
1867,  pp.  546,  66L 
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Horablflnde  (Amphibole,  CaO,  10-12,  MgO  11-24,  F03O,  0-10,  A1,0,  5-18, 
8iO,  40—50  also  nraally  with  some  Na,0,  K^O  and  FeO).  Divided  into  two  gronps. 
1st.  Xoo-alnmiiKNis,  indudiiig  the  white  and  pale  green  or  grey  fibrous  varieties 
(tieiiK^te,  actinolite,  anthophyllito,  &c.).  2nd.  Aluminons,  embracing  the  more 
abondaiit  dark  green,  brown,  or  black  varieties.  Under  the  microscope,  hornblende 
presents  cleavage-angles  of  124^  30',  the  definite  cleavage-planes  intersecting  each  other 
in  a  wdl^marfced  lattice  work,  sometimes  with  a  finely  fibrons  character  superadded.  It 
also  riiowB  a  maiked  pleochioism  with  polarized  light,  which,  as  Tschermak  first  pointed 
out,  umiallj  dislingoisheB  it  fitom  augite.^  The  pale  non-alnminous  hornblendes  are 
found  among  gnetsses,  erystalUne  limestones,  and  other  metamorphio  rocks.  The  dark 
varietiei^  though  also  fonnd  in  similar  situations,  sometimes  even  forming  entire  masses 
of  lock  (amphibolite,  honblende-rock,  hornblende-schist),  are  the  common  forms  in 
gnnitic  and  volcanic  rocks  (syenite,  diorite,  homblende-andesite,  &c).  The  former 
gronp  naturally  gives  rise  by  weathering  to  various  hydrous  magncsian  silicate?,  notably 
to  serpentine  and  tala  In  the  weathering  of  the  aluminous  varieties,  silica,  lime. 
magnesia,  and  a  portion  of  the  alkalies  are  removed,  with  conversion  of  part  of  the 
earths  and  the  iron  into  carbonates.  The  further  oxidation  of  the  ferrous  carbonate  is 
shown  by  the  yellow  and  brown  crust  so  commonly  to  be  seen  on  the  surface  or 
penefarating  cradm  in  the  hornblende.  The  change  proceeds  until  a  mere  internal 
kernel  of  unaltered  mineral  remains,  or  until  the  whole  has  been  converted  into  a 
femgiDons  clay. 

Smaragdito,  a  grass  green  variety  of  hornblende,  or  an  aggregate  of  pyroxene  and 
hornblende,  occurs  in  gabbro  and  eclogite. 

Uralite,  having  the  crystalline  form  of  angite  (pyroxene)  and  the  internal  cleavage 
and  structure  of  hornblende  (amphibole),  is  regarded  as  a  product  of  the  gradual 
alteration  of  angite  into  hornblende.  Under  the  microscope  a  still  unchanged  kernel  of 
angite  may  in  some  specimens  be  observed  in  the  centre  of  a  crystal  surrounded  by 
strongly  pleochroio  hornblende,  with  its  characteristic  cleavage. 

Angite  (Monoclinic  Pyroxene,  CaO  12-27*5,  MgO  3-22-5,  FeO  1-34,  Fe^O,  0-10, 
AI3O,  0-11;  SiOj  40-57-4).  Divided  like  hornblende  into  two  groups.  1st.  Non- 
aluminous,  with  a  prevalent  green  colour  (malacolite,  sahlite,  &c).  2ud.  Aluminous, 
including  generally  the  dark  green  or  black  varieties  (common  angite,  fossaite).  It 
would  appear  that  the  substance  of  hornblende  and  augito  is  dimorphous,  for  the  expe- 
riments of  Berthier,  Mitscherlich  and  G.  Rose  showed  that  hornblende,  when  melted 
and  allowed  to  cool,  assumed  the  crystalline  form  of  augite ;  whence  it  has  been  inferred 
that  hornblende  is  the  result  of  slow,  and  augite  of  comparatively  rapid  cooling.' 
Under  the  microscope,  augite  in  thin  slices  is  only  very  feebly  pleochroic,  and  presents 
cleavage  lines  intersecting  at  an  angle  of  87^  5'.  It  is  ofleu  remarkable  for  the  amount 
of  extraneous  materials  enclosed  within  its  cr^'stals.  Like  some  felspars,  augite  may 
be  found  in  basalt  with  merely  an  outer  casing  of  its  own  substance,  the  core  being 
composed  of  magnetite,  of  the  ground-mass  of  the  surrounding  rock,  or  of  some  other 
mineral  (¥1g.  7).  The  distribution  of  augite  resembles  that  of  hornblende  ;  the  pale, 
non-aluminous  varieties  are  more  specially  found  among  gneisses,  marbles,  and 
other  crystalline,  foliated,  or  metamorphio  rocks ;  the  dark-green  or  black  varieties 
enter  as  essential  constituents  into  many  igneous  rocks  of  nil  ages,  from  palsoozoic  up 
to  recent  times  (diabase,  basalt,  andesitc,  &c.).  Its  weathering  also  agrees  with  that 
of  hornblende.  The  aluminous  varieties,  containing  usually  some  lime,  give  rise  to 
calcareous  and  ferruginous  carbonates,  from  which  the  fino  interstices  and  cavities  of 
the  surrounding  rock  are  eventually  filled  with  threads  and  kernels  of  calcito  and 


>  Wien,  Acad.  May  1869.    See  also  Fouque'  and  Michel-Levy,  of,  cit,  pp.  349,  365. 
■  The  same  results  have  been  obtained  recently  by   Fouque  and  Michel-Levy, 
*  Synthte  des  Mineraux  et  des  Roches,'  1882,  p.  78. 
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strings  of  hydrous  ferric  oxide.  In  basalt  and  dol^itey  for  examplet  the  leathered 
surface  often  acquires  a  rich  yellow  colour  from  the  oxidation  and  hydration  of  the 
ferrous  oxide. 

Ompbacitey  a  granular  Tariety  of  pyroxene,  grass  green  in  odour,  and  oommonly 
aaaociated  with  red  garnet  in  the  rock  known  as  eclogite. 

Diallage,  probably  only  a  Tariety  of  augite,  is  especiaUy  a  eonalitiient  of  gahbro. 

There  are  three  rhombic  forms  of  pyroxene,  which  occur  as  important  oonstituents 
of  some  rocks,  Enstatite,  Bronzite  and  Hypersthene.  Bnstatitey  oecnrs  in  Ihersolite, 
serpentina,  and  other  olivine  rocks;  also  in  meteorites.  Biozudtey  is  found  nnder 
similar  conditions  to  enstatite,  from  which  it  is  with  difficulty  sqwrable.  It  oocurs  in 
some  basalts  and  in  serpentines ;  also  in  meteorites.  Bronzite  and  enstatite  weather  into 
dull  green  serpentinous  products.  Bastite  or  8chiller-epar  is  a  frequent  product  of  the 
alterotion  of  Bronzite  or  Enstatite,  and  may  be  obsenred  with  its  charaderistio  pearly 
lufltre  in  serpentine.  Hsrpentheiie,  oocurs  in  hypersthenite  and  hypersthene-andesito ; 
also  assodated  with  other  magnesian  minerals  among  the  crystalline  schists. 

OUvine  (Peridot,  MgO  32-4-50-5,  FeO  6-297,  SiO,  31-6-42-8X  forms  an  essential 
ingredient  of  basalt,  likewise  the  main  part  of  various  so-called  oliTuic-rocks  or 
peridotites  (as  Iherzolite  and  pikrite)  and  oocurs  in  many  gabbros.  Under  the 
mlcrsscope  with  polarized  light,  gives,  when  fresh,  bright  colours,  specially  red  and 
green,  but  is  not  perceptibly  pleochroic.  Its  orthorhombio  outlines  can  sometimes  be 
readily  observed,  but  it  often  occurs  in  irregularly  shaped  granules  or  in  broken 
crystals,  und  is  liable  to  be  traversed  by  fine  fissures,  which  are  particularly  developed 
transverse  to  the  vertical  axis.  It  is  remarkably  liable  to  alteration.  The  change 
begins  on  the  outer  surface  and  extends  inwards  and  specially  along  the  fissures,  until 
the  whole  is  converted  either  into  a  green  granular  or  fibrous  substance,  which  is 
probably  in  most  cases  serpentine  (Fig.  26),  or  into  a  reddish  yellow  amorphous  mass 
limonite% 

ECauyne.    Occurs  abundantly  in  Italian  lavas,  in  basalt  of  the  Eifel,  and  elsewhere. 

B'oeeaiL  Under  the  microscope,  one  of  the  most  readily  recognised  minerals, 
showing  a  hexagonal  or  quadrangular  figure,  with  a  characteristic  broad  dark  border 
corresponding  to  the  external  contour  of  the  crystal,  and  where  weathering  has  not 
proceeded  too  far,  enclosing  a  dear  colourless  centre.  Occurs  in  minute  forms  in  most 
phonolites,  also  in  large  crystals  in  some  sanidine  volcanic  rocks.  Both  hanyne  and 
noseftn  ore  volcanic  minerals  associated  with  the  lavas  of  more  recent  geological  periods. 

Epidote.  (CaO  16-30,  MgOO-4-9,  Fe.O,  7-5-17-24,  Al^O,  14-47-28-9,  SiO,  33-81 
-57'Co).  Under  the  microscope,  appears  as  a  constituent  of  rocks  in  yellow  needles 
and  threads,  often  divergent ;  with  distinct  plcochroism  and  remarkably  bright  limpid 
yellow  and  orange  polarization  tints.  Occurs  in  many  crystalline,  chiefly  hornblende- 
Ijearing,  rocks,  probably  as  a  result  of  the  alteration  of  the  hornblende;  largely 
distributed  in  certain  schists  and  qiiartzites,  sometimes  associated  with  beds  of  magnetite 
and  haematite. 

Vesuviajiite  (Idocrase,  CaO  27-7-37o,  M;^  0-10-6,  FeO  0-16,  A1,0, 10-5-2G1, 
SiOj  35-31)-7,  M..0  0-2-73).  Occurs  in  ejected  blocks  of  altered  limestone  at  Somma, 
also  among  crystalline  limestones  and  schist:). 

AndaluBite.  (Al^O,  50-9G-62-2,  Fe,0,  0-57,  SiO.,  35-3-4017).  Found  in  crys- 
talline schists.  The  variety  CJncufMite,  abundant  in  some  dark  clay-slates,  is  dis- 
tin^iished  by  the  rrp^ular  manner  in  ^Vhich  the  dark  substance  of  the  surrounding 
matrix  has  Ixjcn  enclosed  within  the  niaclee,  giving  a  cross-like  tmnsverse  section. 
Thf'se  cryatilfl  have  been  developed  in  the  rock  after  its  formation,  and  are  regarde«l  as 
prTofrt  of  metninoriihlsni.     (Book  XT.  Part  VIII.) 

Dichroite  (Cordieritc,  lolite,  3IgO  &-2-20-45,  FeO  0-11-58,  Al-O,  28-72-3311, 
SiD,  iSl-riOl,  Iljfj  0-2'GC).  Occurs  in  gneiss,  sometimes  in  large  amount  (cor- 
dieritf;-gnei.s8) ;  occasionally  as  an  accessory  ingredient  in  some  granites;  also  in 
t:il«*-3cliist.    Apt  to   be  confounded  with  quartz,  but  usually  gives  marked  diobroism 
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wiHi  one  Kiool-prum,  and  pale  grey-blno  tints  witli  the  two  prisms.  Undergoes 
numerous  alterations.  Laying  been  fonnd  changed  into  pinite,  chlorophyllite,  mica,  &c. 

Gkumet.  (CaO  0-5-78,  MgO  0-10-2,  FcaO,  0-6*7,  FeO  24-82-39-68,  MnO  0- 
6*43,  AljO,  15-2-21-49,  SiO,  35-75-5211).  The  common  rod  and  brown  varieties 
oocor  as  essential  constitnento  of  eclogite,  garnet  rock ;  and  as  abundant  accessories 
in  mioarechlst,  gneiss,  granite,  &c  Under  tho  microscope,  garnet  as  a  constituent  of 
rocks,  presents  three-sided,  four-sided,  six-sided,  eight-sided  (or  even  rounded)  figures 
aocoiding  to  the  angle  at  which  the  individual  crystals  are  cut ;  usually  clear,  but  full 
of  flaws  or  of  cavities ;  passive  in  polarized  light. 

TaurmaUae  (Schorl,  CaO  0-2-2,  MgO  0-14-89,  Na,0  0-4-95,  K,0  0-3-59,  FeO 
0-12.  Fe,0,  0-13-08,  A1,0,  30-44-44-4,  SiO,  35-2-4116,  B  8-63-11-78,  F  1-49-2-58) 
i^ith  qnarti,  forma  tourmaline-rock;  associated  with  some  granites;  occurs  also 
diffuaed  throng  many  gneisses,  schists,  crystaUine  limestones,  and  dolomites. 
Pleochroism  strongly  marked. 

Ziroon.  (ZrO,  63-5-6716,  Fe,0,  0-2,  8iO-  32-35-26.)  Occurs  as  a  chief 
ingredient  in  the  zircon-syenite  of  Southern  Norway;  sparingly  in  other  syenites, 
granitesy  gneisses,  crystalline  limestones  and  schists ;  in  eclogite ;  as  clear  red  grains 
in  some  basalts,  and  also  in  ejected  volcanic  blocks;  gives  bright  colours  between 
crossed  Nicols. 

Titanite  (Sphene,  CaO  21-76-33,  TiO,  33-43-5,  SiO^  30-35),  dispersed  in  smaH 
crystala  in  many  syenites,  also  in  granite,  gneiss,  and  in  some  volcanic  rocks  (basalt, 
trachyte,  phonolite).    Between  crossed  Xiools  gives  dark  yellowish-brown  tints. 

Zeolites.  Under  this  name  is  included  a  characteristic  family  of  minerals,  which 
have  resulted  from  the  alteration,  and  particularly  from  the  hydration,  of  other  minerals, 
especially  of  felspars.  Secondary  products,  rather  than  original  constituents  uf  rocks, 
they  oflcn  occur  in  cavities  both  as  prominent  amygdules  and  veins,  and  in  minute 
interstices  only  perceptible  by  the  microscope.  In  these  minute  forms  they  very 
commonly  present  a  finely  fibrous  divergent  structure.  As  already  remarked,  a  relation 
uiay  often  be  traced  between  tho  containiug  rock  and  its  enclosed  zeolites.  Thus  among 
the  basalts  of  the  inner  Hebrides,  the  dirty  green  decomposed  amygdaloidal  sheets  are 
tlie  chief  repositories  of  zeolites,  while  tho  firm,  compact,  columnar  beds  ore  compara- 
tively free  from  these  alteration  products.^ 

S:aolin  (A1,0,  38-6-40-7,  CaO  0-3-5,  K^O  0-1-9,  SiO.,  45-5-46-53,  H^O  9-14-54), 
results  from  the  alteration  of  potash-  and  soda-felspars  exposed  to  atmospheric,  in- 
fluences. Ordinary  clay  is  impure  from  admixture  of  iron,  lime,  and  other  ingredients, 
among  which  the  de'bris  of  the  undccomposed  constituents  of  tiie  original  rock  may  form 
a  marked  proportion. 

Talc  (MgO  2319-35-4,  PeO  0-45,  AUO,  0-5-67,  SiO^  5G-62-64-53,  H^O  0-6-65), 
occurs  as  an  essential  constituent  of  talc-schist,  and  as  an  ulteration  product  re- 
placing mica,  hornblende,  augite,  olivine,  diallage,  and  other  minerals  in  crystalline 
rocks.  Under  the  microscope  appears  in  small  scales,  which,  cut  transverse  to  basal 
cleavage,  show  ragged  edges  and  an  internal  fibrous  structure,  the  fibres  not  being 
parallel  as  in  muscovite  ;  is  not  pleochroic ;  polarization  colours,  bright  yellow  and  red. 

Chlorite  (MgO  24-9-36,  FeO  0-5-9,  Fe^O,  0-11-36,  Al^O,  10-5-19-9,  SiO^  30- 
38-5,  H,0  11*5-16),  including  several  vorieties  or  species,  occurs  in  small  green 
hexagonal  tables  or  scaly  vermicular  or  earthy  aggregates ;  is  an  essential  ingredient 
of  chlorite-schist,  and  occurs  abundantly  as  an  alteration  product  (of  hornblende,  &c.) 
in  fine  filaments,  incrustations,  and  layers  in  many  crystalline  rocks.  Under  the 
microscope  appears  markedly  radiated  in  thin  plutcs  or  sphcrulites,  with  internal 
confused  radiating  fibrous  structure. 

Serpentine  (>IgO  28-43,  FeO  1-10-8,  A1,0,  0-55,  SiO^  37-5-44-3,  U,0  95- 
14-C)  is  a  product   of   the  alteration  of   pre-existing    minemls,  and  especinlly    of 

»  See  Sullivan  in  Jukes'  *  Manual  of  Geology,'  p.  85. 
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oli?ine.  It  oocura  in  nests,  grains,  thiesds,  and  veins  in  rocks  which  once  contained 
olivino,*  (p.  72),  also  massive  as  a  rook,  in  which  it  has  replaced  olivine,  enstatite  or 
some  other  magnesian  bisilicate  (p.  156).  Under  the  microscope  it  presents,  in  very 
thin  slices,  a  pale  leek-green  or  blaish-groen  base,  showing  aggregate  polarization. 
Through  this  base  runs  a  network  of  dark  opaque  threads  and  veinings.  Sometimes 
among  these  veinings,  or  through  the  network  of  green  serpentinous  matter  in  the  base, 
the  forms  of  original  olivine  crystals  may  be  traced  (Figs.  26,  27). 

Delessite  (CaO  0-45-3-7,  FeO  0-1512,  Fe,0,  817-17-54,  A1,0,  15-47-18-25, 
SiOs  29*08-^1*07,  H^O  11*55-12*99),  occurs  abundantly  as  an  olive-  to  blackish-gieen 
decomposition  product  of  augitio  rocks,  coating  or  filling  amygdaloidal  cavities  or 
narrow  filamentous  veins. 

QUuoonite  (CaO  0-4-9,  MgO  0-5*9,  K,0  0-12*9,  Na,0  0-2*6,  FeO  8-25-5, 
Fe,0,  0-281,  A1,0,  1-5-13*3,  SiO,  46*5-6009,  H,0  0-147),  found  in  many  strati- 
fied formations,  particularly  among  sandstones  and  limestones,  where  it  envelopes 
grains  of  sand,  or  fills  and  coats  foraminifera  and  other  organisms,  giving  a  general 
green  tint  to  the  rock.  It  is  at  present  being  formed  on  the  sea-floor  off  the  coasts  of 
Georgia  and  South  Carolina,  where  Pourtales  found  it  filling  the  chambers  of  reoent 
polythalamia. 

6.  Carbonates.  This  family  of  minerals  furnishes  only  four  which  enter  lai^ly 
into  the  formation  of  rocks,  viz..  Carbonate  of  Calcium  in  its  two  forms,  Cakite  and 
Aragonite,  Carbonate  of  Magnesium  (and  Calcium)  in  Dolomite,  and  Carbonate  of  Iron 
in  Siderite. 

Oaloite,  occurs  as  (1)  an  original  constituent  of  many  aqueous  rocks  (limestone, 
calcareous  shale,  &c.),  either  as  a  result  of  chemical  deposition  from  water  (calo-sinter, 
stalactites,  &c.),  or  as  a  secretion  by  plants  or  animals  '  ;  or  (2)  as  a  secondary  product 
resulting  irom  weathering,  when  it  is  found  filling  or  lining  cavities,  or  diffused  through 
the  capillary  interstices  of  minerals  and  rocks.  It  probably  never  occurs  as  an  original 
ingredient  in  the  massive  crystalline  rocks,  such  as  granite,  felsite,  and  lavas.  Under 
the  microscope,  calcite  is  readily  distinguishable  by  its  intersecting  cleavage  lines,  by  a 
frequent  twin  lamellalion  (sometimes  giving  interference  colours),  strong  double 
refraction,  weak  or  inappreciable  pleochroism,  and  characteristic  iridescent  polarization 
tints  of  grey,  rose  and  blue. 

From  the  readiness  with  which  water  absorbs  carbon-dioxide,  from  the  increased 
solvent  power  which  it  thereby  acquires,  and  from  the  abundance  of  calcium  in  various 
forms  among  minerals  and  rocks,  it  is  natural  that  calcite  should  occur  abundantly  as 
a  pseudomorph  replacing  other  minerals.  Thus,  it  has  been  observed  taking  the  place 
of  a  number  of  silicates,  as  orthoclase,  oligoclase,  garnet,  augite  and  several  zeolites ;  of 
the  sulphates,  anhydrite,  gypsum,  barytes,  and  oelestine ;  of  the  carbonates,  aragonite, 
dolomite,  cerussite ;  of  the  fiuoride,  fluor-spar ;  and  of  the  sulphide,  galena.  Moreover, 
in  many  massive  crystalline  rocks  (diorite,  dolerite,  &c,),  which  have  been  long  ezpoasd 
to  atmospheric  influence,  this  mineral  may  be  recognised  by  the  brisk  effervescence 
produced  by  a  drop  of  acid,  and  in  microscopic  sections  appears  filling  the  crevices,  or 
sending  minute  veins  among  the  decayed  mineral  constituents.  Calcite  is  likewise  the 
great  petrifying  medium :  the  vast  majority  of  the  animal  remains  found  in  the  rocky 
crust  of  the  globe  have  been  replaced  by  calcite,  sometimes  with  a  complete  preserva- 
tion of  internal  organic  structure,  sometimes  with  a  total  substitution  of  crystalline 
material  for  that  structure,  the  mere  outer  form  of  the  organism  alone  surviving.' 


>  Bee  Tschormak,  Wien,  Akad.  Ivi.  1867. 

^  Mr.  Sorby  has  investigated  the  condition  in  which  tho  calcareous  matter  of  tho 
harder  parts  of  invertebrates  exists.  Ho  finds  that  in  foraminifera,  eohinoderms, 
brachiopode,  Crustacea,  and  some  lamellibranchs  and  gasteropods,  it  occurs  as  calcite ; 
that  in  nautilus,  sepia,  most  gasteropods,  many  lamellibranchs,  &c,  it  is  aragonite ; 
that  in  not  a  few  cases  the  two  forms  occur  together,  or  that  the  carbonate  of  Ume  is 
hardened  by  an  admixture  of  phosphate.    Quart  Jaum,  (TeoZ.  8oc,  1879.    Address,  p.  61. 

'  See  Index  wb  voc,  Calcite, 
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AragonitiB,  harder,  heavier,  and  much  less  abnndant  than  calcite,  which  is  the 
mote  stable  form  of  caksinm-carbonate ;  oocnrs  with  beds  of  gypenm,  also  in  mineral  veins, 
in  atrtngs  nmning  throngh  basalt  and  other  igneous  rocks,  and  in  the  shells  of  many 
moUnsoa.  It  ia  thus  always  a  deposit  from  wat^**,  sometimes  from  mineral  springs, 
fWip^^wMw  as  the  resnlt  of  the  internal  alteration  of  rocks,  and  sometimes  throngh  the 
action  of  living  organisms.  Being  more  easily  soluble  than  calcite,  it  has  no  doubt 
in  many  cases  disappeared  from  limestones  originally  formed  mainly  of  aragonite  shells, 
and  has  been  replaced  by  the  more  durable  calcite,  with  a  consequent  destruction  of  the 
tiaeee  of  ofganio  origin.  Henoe  what  are  now  thoroughly  crystalline  limestones  may 
have  been  formed  by  a  slow  alteration  of  such  shelly  deposits. 

I>olomite  (Bitter-spar,  p.  120),  occurs  (1)  as  an  original  deposit  in  massive  beds 
(magnesian  limestoneX  belonging  to  many  different  geological  formations;  (2)  as  a 
product  of  alteration,  especially  of  ofdinaiy  limestone  or  of  aragdhite  (Dolomitizatkm). 

Siderite  (Brown  Ironstcme,  Spathic  Iron,  Ghalybite),  oocuis  orystallized  in 
iiiriation  with  metalUo  oree,  also  in  beds  and  veins  of  many  crystalline  rocks, 
paitionlarly  with  limestones;  the  compact  argillaceous  varieties  (clay-ironstone)  are 
found  in  abundant  nodules  and  beds  in  the  shales  of  Oarboniferous  and  other  formations 
where  they  have  been  deposited  from  solution  in  water  in  presence  of  decaying  organic 
mattCT  (see  pp.  121, 174). 

7.  SuLPHATU.  Among  the  sulphates  of  the  mineral  kingdom,  only  three  deserve 
notioo  hero  as  important  compounds  in  the  constitution  of  rocks — viz.,  caldum-sulphato 
or  sulphate  of  lime  in  its  two  forms,  Anhydrite  and  Gypsum  ;  and  barium-sulphate  or 
sulphate  of  baryta  in  Bary  tes. 

Anhydrite,  occurs  more  especially  in  association  with  beds  of  gypsum  and  rock* 
salt  (see  p.  121). 

Oypsum  (Selenite).  Abundant  as  an  original  aqueous  deposit  in  many  sedimentary 
formations  (see  p.  120). 

Bavytee  (Heavy  Spar).  Frequent  in  veins  and  especially  associated  with  metallic 
ores  as  one  of  their  chamcteristic  vein-stones. 

8.  Phospbatks.  The  phosphates  which  occur  most  conspicuously  as  constituents  or 
accessory  ingredients  of  rocks  are  the  tricalcic  phosphate  or  Apatite,  and  triferrous 
phosphate  or  Vivianite. 

Apatite,  occurs  in  many  igneous  rocks  (granites,  basalts,  &c.))  in  minute  hexagonal 
non-plcochroic  needles,  giving  faint  polarization  tints ;  also  in  large  crystals  and  massive 
beds  associated  with  metamorphic  rocks. 

Vivianite  (Blue  iron-earth) ;  occurs  crystallized  in  metalliferous  veins ;  the  earthy 
variety  is  not  infrequent  in  peat-mosses  where  animal  matter  has  decayed,  and  is  some- 
times to  be  observed  coating  fossil  fishes  as  a  fine  layer  like  the  bloom  of  a  plum. 

9.  Fluobides.  The  clement  fluorine,  though  widely  diffused  in  nature,  occurs  only  in 
comparatively  small  quantity.  Its  most  abundant  compound  is  with  Calcium  as  the 
common  mineral  Fluorite. 

Fluorite  (Fluor-spar) ;  occurs  generally  in  veins,  especially  in  association  with 
metallic  ores. 

10.  Chlobidbs.  There  is  only  one  chloride  of  importance  as  a  constituent  of  rocks 
^Bodium-chloridc  or  common  salt,  which,  occurring  chiefly  in  beds,  is  described  among 
the  rocks  at  p.  118. 

11.  SuLPHTDES.  Sulphur  is  found  united  with  metals  in  the  form  of  sulphides,  many 
of  which  form  common  minerals.  The  sulphides  of  lead,  silver,  copper,  zinc,  antimony, 
4:c.,  are  of  great  commercial  importance.  Iron-disulphide  however,  is  the  only  ouu 
which  merits  consideration  here  as  a  rock-forming  substance.  It  is  formed  at  the  present 
day  by  some  thermal  springs,  and  has  been  developed  in  many  rocks  as  a  result  of  the 
action  of  infiltrating  water  in  presence  of  decomposing  organic  matter  and  iron  salts. 
It  occurs  in  two  forms,  Pyritc  and  Marcasite. 

Pyrite  (Eisenkies,  Schwefelkies),  occurs  disseminated  through  almost  all  kinds  of 
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rocks,  often  in  great  abundance,  as  among  dfahagcB  and  day-alales;  alsD  fteqnent  in 
Teins  or  in  beds.  In  microscopic  sections  of  rocks,  pyrite  appeara  in  small  cubical^ 
perfectly  opaqne  crystals,  which  with  reflected  light  show  the  characteristie  bnu^ 
lustre  ik  the  mineral,  and  cannot  tbns  be  mistaken  for  the  isometric  magnetite,  of  which 
the  square  sections  exhibit  a  characteristic  blue-black  colour.  Pyrite  when  free  from 
marcasite  yields  but  slowly  to  weathering.  Hence  its  cubical  crystals  may  be  seen 
projecting  still  fresh  from  slates  which  have  been  exposed  to  the  atmosphere  for  seTeral 
generations. 

Marcasite  (Hepatic  pyrites);  occurs  abundantly  among  sedimentary  formations, 
sometimes  abundantly  diffused  in  minute  particles  which  impart  a  bine-gray  tint,  and 
speedily  weather  yellow  on  exposure  and  oxidation ;  sometimes  segregated  in  layras,  or 
replacing  the  substance  of  fossil  plants  or  animals ;  also  in  Teins  through  crystalline 
rocks.  This  form  of  the  sulphide  is  especially  characteristic  <^  stratified  fosailifeious 
rocks,  and  more  particularly  of  those  of  Secondary  and  Tertiary  date.  It  is  extremely 
liable  to  decomposition.  Hence  exposure  for  even  a  short  time  to  the  air  caucfea  it  to 
become  brown ;  free  sulphuric  acid  is  produced,  which  attacks  the  surrounding  minerals) 
sometimes  at  once  forming  sulphates,  at  other  times  decomposing  aluminous  silicates 
and  dissolving  them  in  constdetable  quantity.  Dr.  Sullivan  mentions  that  the  water 
annually  pumped  from  one  mine  in  Ireland  carries  up  to  the  sur&oe  more  tlian  a 
hundred  tons  of  diwolved  silicate'  of  alumina.'  Iron-disulphide  is  thus  an  important 
agent  in  effecting  the  internal  decomposition  of  rocks.  It  also  plays  a  large  part  as  a 
petrifying  medium,  replacing  the  organic  matter  of  plants  and  animals,  and  leaving 
casts  of  their  forms,  often  with  bright  metallic  lustre.  Such  casts  when  exposed  to  the 
air  decompose. 

It  will  be  observed  that  great  differences  exist  iu  the  relative  im- 
portance of  the  minerals  above  enumeratecl  as  constituenta  of  rocks. 
Professor  Kosenbuscli  points  out  that  they  may  be  naturally  arranged 
in  four  groups — Ist,  ores  and  accessory  ingredients  (magnetite,  haematite, 
ilmenite,  apatite,  zirkon,  spinell,  titanite),  2nd,  magnesian  and  feriu- 
ginous  silicates  (biotite,  amphibole,  pyroxene,  olivine),  3rd,  felspathic 
constituents  (felspar  proper,  nepheline,  leucite,  melilite,  sodalite,  hauyne), 
4th,  free  silica.^ 

§  iii.  Determination  of  Bocks, 

Rocks  considered  as  mineral  substances  are  distinguished  from  each 
other  by  certain  external  characters,  such  as  size,  form,  and  arrange- 
ment of  component  particles.  These  characters,  readily  perceptible  to 
the  naked  eye,  and  in  the  great  majority  of  cases  observable  in  hand 
specimens,  are  termed  macroscopic  (pp.  77,  91),  to  distinguish  them  from 
the  m6re  minute  features  \^hioh,  being  only  visible  or  satisfactorily 
observable  when  greatly  magnified,  are  known  as  microscopic  (p.  99); 
The  larger  (geotectonic)  aspects  of  rock-structure,  which  can  only  be 
properly  examined  in  the  field  and  belong  to  the  general  architecture 
of  the  earth's  cnist,  are  treated  of  in  Book  IV. 

In  the  discrimination  of  rocks,  it  is  not  <)uough  to  specify  their 
component  minerals,  for  the  same  minerals  may  constitute  very  distinct 
varieties  of  rock.  For  example,  quartz  and  mica  form  the  massive 
crystalline  rock,  greisen,  the  foliated  crystalline  rock,  mica-sohist,  and 
the  sedimentary  rock,  micaceous  sandstone.     Cha.lk,  encrinal  limestone, 

>  Jukes'  *  Hantial  of  Geology,'  p.  05.  «  Nene$  Jahrb.  1882  (ii.)  p.  5   . 
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stelagmite,  tAa.taaxj  marble  are  all  composod  of  caleito.  It  is  needful  to 
take  note  of  the  maoroecopio  and  microscopic  etractnre  and  texture,  the 
state  of  ^gregation,  colour,  and  other  characters  of  the  sercral  masses. 

Three  methods  of  procedure  are  available  lu  tlie  examiuation  and 
determination  of  rooks :  1st,  macroscopic  examination,  either  hj  the 
rongh  and  ready,  but  often  sufficient,  appliances  for  use  in  the  field,  or 
by  those  for  more  careful  work  indoors  j  2nd,  niicrosoopio  investigation  ; 
3rd,  chemioal  analysis. 

L  JUaoroseopio  ZSzamination. 

Teata  intba  Bald. — The  iiwf  ruments  iudispenaobJo  for  the  investigation  oE  rookg  in 
the  field  are  few  in  nnmber,  and  simple  in  cLumcter  and  application.  The  observer  will 
Tie  anfflciently  accoatred  if  he  oanies  with  him  a  hammer  of  such  form  and  weight  as 
will  enable  htm  U>  break  off  clean,  sharp,  nuncathercd  chips  from  the  edges  of  rock- 


Fig.  S.— Iluuvr,  Shnth,  inl  Drll,  with  Usttan-cur  Tor  hoUllni  AtLmiKh  CVimpii". 
mawea,  a  small  Ions,  a  pocket-knife  of  liard  steel  for  determining  the  hardness  of  rocks 
anil  minerals,  a  magnet  or  a  magnetized  knife-blade,  and  a  small  pockct-phial  of  dilute 
bydmchlnric  acid. 

Should  the  objcot  bo  to  foru  a  eolleclion  of  rocks,  a  hammer  of  at  least  three  or  four 
pnnnds  in  weight  ghonlil  be  cnrried :  also  one  or  two  cliisela  and  a  smHll  trimming 
liammer,  wiighing  alxiut  \  11>.,  for  reducing  tlie  specimens  tn  shape.  A  convenient  size 
bf  specimen  is  4x3 >tl  iuchea.  They  should  bo  as  nearly  ns  possible  uniform  in  size, 
ic)  as  In  bo  cajiable  uf  onlcrl;  arrangement  in  the  drawers  or  slielvea  of  a  ease  or  cabincl. 
Atti.'Dtion  should  be  j^aid  not  only  to  obtain  a  thoroughly  IVesh  fracture  of  a  rock,  but 
uliio  a  weatbcrcil  surface,  wherever  there  is  anything  cliaracteristtc  in  tlie  weathering. 
Kvcry  specimen  should  have  affixed  to  it  a  label,  indicating  ns  exactly  as  possible  tbe 
lirrolity  from  which  it  was  taken.  Tiiis  iofonnation  ought  always  to  bo  written  down  in 
llie  Geld  at  tbe  time  of  collecting,  and  should  be  wrapped  up  with  the  specimen,  before 
it  i*  oonsignwl  to  the  collecting  bag.  If,  however,  the  atndent  does  not  porpose  to  form 
a  collection,  bnt  merely  to  obtain  such  chips  as  will  enable  bim  to  judge  of  the 
ctuuacten  of  rocks,  a  hammer  weighing  fKim  1}  to  2  lbs.  and  of  the  shape  indicated  in 
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Fig.  5  wfll  be niffieieiil.  The  mhmtm^ ^ i^ immm i^k  iBbb  htmma  m^h^  xmeA 
not  onlj  for  breaJniig  hard  ttemga^  boi  •!■!  §m  iplitlB^  open  ifcalBi  and  other  fiidle 
rockc,  10  that  it  unites  the  inea  of  haMiKr  aad  cUkL 

It  ic  of  ooune,  deniable  that  the  leazwribMU  fnlaBqpbe  aoM  knoirlDdge  of  the 
somenclatore  of  ro^s,  br  earefallj  liadjiag  a  eoDeetioB  of  eooeetly  named  and 
jodicioiMl J aekcted  rockiniifif  m  teek eoOeetma  maj  mom  be |iiiirhMiNl  at  amall 
eott  from  mineral  dtaleii»  or  mmj  be  itadied  m  tiie  wnmenm  of  boiI  towna.  HaTing 
aoeoiiomed  hit  eye  to  the  oniinaiy  exloBal  chaadeB  of  woAm,  and  baring  beeome 
familiar  with  their  namea,  he  may  proeecd  to  detfrmiae  them  for  humelf  in  the  ftdd. 

Finding  himself  bite  to  fiaee  with  a  nck-maas,  aad  after  noting  its  geotectonie 
charactefs  (Book  IV.)»  the  obserrer  will  lawccd  to  riaminr  tke  eipoaed  or  weatheied 
snrfaoe.  The  earliest  lesson  he  has  to  lean,  aad  thai  of  vhidi  |Wffhaps  he  will  in 
after  life  meet  with  the  most  varied  iIhHlratioiiB»  is  the  extent  to  which  weathering 
conceals  the  tme  aspect  of  roeka.  From  what  has  been  said  in  prerioas  pages,  the 
natnie  of  some  of  the  aHerations  will  be  vndentood,  and  finthar  infocmation  regarding 
the  chemical  prooeasea  at  woik  win  be  fioimd  in  Book  nL  The  pnetiml  study  of  rocks 
in  the  field  soon  discloses  the  hei^  that  while,  in  some  eases^  the  weatiiered  orast  ao 
completely  obsonres  the  essential  riianeter  of  a  rode  that  its  tme  nature  might  not  be 
suspected,  in  oth^  jnstannfB,  it  is  the  weathered  crust  fliat  beat  rereals  the  real 
structure  of  the  mass.  Spheroidal  cnato  of  a  decomposing  yellow  fenuginons  earthy 
substance,  for  eramplis  would  hardly  be  Identified  as  a  compact  dark  basalt,  yet,  on 
penetrating  within  these  csmAa,  a  eeaftml  core  of  still  undeoompoeed  bssalt  may  not 
unfrequeutly  be  disoorered.  Agafai,  a  Idock  of  limestone  when  broken  open  may 
present  only  a  uniformly  cryilalline  structure,  yet  if  the  weathered  sur&oe  be  examined 
it  will  not  improbably  diow  many  projecting  firagments  of  shells,  polyzoa,  corals, 
crinoids,  or  other  organisms.  The  really  fossiliferous  nature  of  an  apparently 
iinfoflsiliferous  rock  may  thus  be  rerealed  by  weathering.  Many  limestones  also  might, 
from  their  fresh  fracture,  be  set  down  as  tdJerably  pure  caibonato  of  lime;  but  from  the 
thick  crast  of  yellow  ochre  on  their  weathered  fiioes  are  seen  to  be  hi^y  ferruginous. 
Among  crystalline  rocks,  the  weathered  muhoe  oommooly  throws  light  upon  the 
mineral  oonstitution  of  the  mass,  fiur  some  minerals  decompose  more  rapidly  than  others, 
which  are  thus  left  isolated  and  more  easUy  recognisable.  In  this  manner,  the  ezistonce 
of  quartz  in  many  felqpathio  rocks  may  be  detected.  Its  minute  blebs  or  crystals,  which 
to  the  naked  eye  or  lens  are  lost  among  the  brilliant  faoettes  of  the  felspars,  stand  out 
amid  the  dull  clay  into  which  these  minerals  are  decomposed. 

The  depth  to  which  weathering  extends  should  be  noted.  The  student  must  not  be 
too  confident  that  he  has  reached  its  limit,  e?en  when  he  comes  to  the  solid,  more  or  less 
hard,  splintory,  and  apparently  fresh  stone.  Granito  sometimes  decomposes  into  kaolin 
and  sand  to  a  depth  of  twenty  or  thirty  feet  Limestones  hare  often  a  mere  fihn  of 
crust,  beoause  their  substance  is  almost  entirely  dissolred  and  removed  by  rain 
(Book  m.  Part  IL  Section  ii.  §  2). 

With  some  practice,  the  inspection  of  a  weathered  surfieuse  will  finequentiy  suffice  to 
determine  the  true  nature  and  name  of  a  rock.  Should  this  preliminary  examination, 
and  a  comparison  of  weathered  and  unweathered  surfaces,  fail  to  afford  the  information 
sought,  we  proceed  to  apply  some  of  the  simple  and  useful  tests  available  for  field*work. 
The  lens  will  usually  enable  us  to  decide  whether  the  rock  is  compact  and  appaxentiy 
structureless,  or  crystalline,  or  firagmentaL  Having  settled  this  point,  we  proceed  to 
ascertain  the  hardness  and  colour  of  streak,  by  scratching  a  fresh  surface  of  the  stone. 
A  drop  of  weak  acid  placed  upon  the  scratehed  surface  or  on  the  powder  of  the  streak 
may  reveal  the  presence  of  carbonic  acid.  By  practice,  considoable  faciUty  can  be 
acquired  in  approximately  estimating  the  specific  gravity  of  rocks  merely  by  the  hand. 
The  following  table  may  be  of  assistance,  but  it  must  be  understood  at  the  outset  that 
m  knoidedge  of  rocks  can  never  be  gained  from  instructions  given  in  books,  but  must 
|jg>H.wlwi  Igr-Mual  handling  and  study  of  the  rocks  themselves. 
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L  A  Iraeh  flnustore  shows  the  rook  to  be  oloae-grained,  dull,  with  no 
distinot  stmotnio.* 

a.  H.  0*5  or  leas  up  to  1 ;  soft,  ornmbliDg  or  easily  scratched  with  the  knife,  if  not 
with  the  finger-nail;  emits  an  earthy  smell  when  breathed  upon,  does  not 
Qfler?esoe  with  aoid;  is  dark  grey,  brown,  or  bine,  perhaps  red,  yellow,  or 
even  white = probably  some  day  rock,  such  as  mudstone,  massive  shale,  or  fire- 
clay (p.  163  ) ;  or  a  decomposed  felspar- rock,  like  a  close-grained  felsite  or 
orthoelase  porphyry.  If  the  rook  is  hard  and  fissile  it  may  be  shale  or  clay- 
slale  (pp.  164, 125). 

/I.  H.  1*5-2.  Occurs  in  beds  or  veins  (perhaps  fibrous),  white,  yellow,  or  reddish. 
Bp.  gr.  2*2-2*4.    Does  not  effervesce = probably  gypsum  (p.  120). 

y.  Friable,  crumbling,  soils  the  fingers,  white,  or  yellowish,  brisk  effervescence = 
chalk,  marl,  or  some  pulverulent  form  of  limestone  (pp.  118, 168> 

t.  H.  3-4.  Bp.  gr.  2*5-2*7 ;  pale  to  dark  green  or  reddish,  or  with  blotched  and 
clouded  mixtures  of  these  colours.  Streak  white;  feels  soapy;  no  effervescence, 
splintery  to  suboonchoidal  fracture,  edges  subtranslucent.  Bee  serpentine 
(p.  156). 

c.  H.  averaging  8.  Bp.  gr.  2*6-2*8.  White^  but  more  frequently  bluish-grey,  also 
yellow,  brown  and  black;  streak  white ;  gives  brisk  effervescence = some  form 
of  limestone  (pp.  118, 168). 

(,  H.  3-5-4*5.  Bp.  gr.  2*8-2*95.  Yellowisb,  white,  or  pale  brown.  Powder 
slowly  soluble  in  acid  with  feeble  effervescence,  which  becomes  brisker 
when  the  add  is  applied  to  the  powder  of  the  stone.  Bee  dolomite  (pp.  75, 
120). 

1^  H.  3-4.  Bp.  gr.  3-8*9.  Dark  brown  to  dull  black,  streak  yellow  to  brown, 
feebly  soluble  in  acid,  which  becomes  yellow;  occurs  in  nodules  or  beds, 
usually  with  shale;  weathers  with  brown  or  blood-red  crust = brown  iron-ore. 
Bee  clay-ironstone  (pp.  75,  121) ;  and  limonite  (pp.  67,  121) ;  if  the  rock  is 
reddish  and  gives  a  cherry-red  streak,  see  hasmatite  (pp.  67, 121). 

0.  Bp.  gr.  2*55.  White,  grey,  yellowish,  or  bluish,  rings  under  the  hammer, 
frequently  splits  into  thin  plates,  does  not  effervesce,  weathered  crust  white 
and  distinct = perhaps  some  compact  variety  of  phonolite  (p.  145.  Bee  also 
porphyrite  p.  149). 

4.  Bp.  gr.  2'9-3*2.  Black  or  dark  green,  weathered  crust  yellow  or  brown = 
probably  some  close-grained  variety  of  basalt  (p.  152),  andesite  (pp.  148,  151), 
aphanite  (p.  158)»  or  amphibolite  (p.  129). 

K,  H.  6-6*5,  but  less  according  to  decompositiou.  Bp.  gr.  2'55-2*7.  Can  with 
difficulty  be  scratched  with  the  knife  when  fresh;  White,  bluish-grey, 
yellow,  lilac,  browo,  red ;  white  streak ;  sometimes  with  well  defiued  white 
weathered  crust,  no  effervescence = probably  a  felsitio  rock  (p.  142). 

A.  H.  7.  Bp.  gr.  2'5-2'9.  The  knife  leaves  a  metallic  streak  of  steel  upon  the 
resisting  surface.  The  rock  is  white,  reddish,  yellowish,  to  brown  or  black, 
very  finely  granular  or  of  a  homy  texture,  g^ves  no  reaction  with  acid= 
probably  silica  in  the  form  of  jasper,  homstone,  flint,  chalcedony,  halleflinta 
(pp.  66, 122,  130),  adinole  (p.  131). 

ii.  A  fresh  fractiire  shows  the  rock  to  be  glassy. 

Leaving  out  of  account  some  glass-like  but  crystalline  minerals,  such  as  quartz  and 
rock-salt,  the  number  of  vitreous  rocks  is  comparatively  small.  The  true  nature  of  the 
mass  in  question  will  probably  not  be  difficult  to  determine.  It  must  bo  one  of  the 
Haasive  volcanic  rocks  (p.  136,  et  seq,).    If  it  occurs  in  association  with  siliceous  lavas 


>  In  this  table,  H.  =  hardness ;  Bp.  gr.  =  specific  gravity.  The  scale  of  hardness 
usually  employed  is  1,  Talc ;  2,  Rock-salt  or  gypsum ;  3,  Calcito ;  4,  Fluorite ;  5,  Apatite ; 
6,  Orthoelase ;  7,  Quartz ;  8,  Topaz  ;  9,  Corundum ;  10,  Diamond. 
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.(liporites,  trachytes)  it  will  probably  be  obsidian  (p.  146),  or  pitehatoiie  (p.  Ii5);  if  it 
passes  into  one  of  the  basalt-rocks,  as  so  commonly  liuppens  along  the  edges  of  dykes 
and  intrusive  sheets,  it  is  a  glassy  form  of  basalt  (p.  153> 

iii.  A  fceBti  fi:'aotare  shows  the  rook  to  be  crystalline. 
If  the  component  crystals  are  sufficiently  large  for  determination  in  the  field, 
the  name  of  the  rock  will  readily  be  found.  Where,  however,  they  are  too  minute 
for  identification  even  with  a  good  lens,  the  observer  may  require  to  submit 
the  rock  to  more  precise  investigation  at  home,  before  its  true  character  can  be 
ascertained.  For  the  purposes  of  field-work,  however,  the  following  points  should  be 
.  noted. 

a.  The  rock  can  be  easily  scratched  with  the  knife. 
(a)  Effervesces  briskly  with  acid = limestone. 
Q})  Powder  of  streak  effervesces  less  briskly.    See  dolomite. 
(a)  No  effervescence  with  acid  :  may  be  granular  crystalline  gypsum  (alabaster) 
or  anhydrite  (pp.  120, 121). 
a.  The  rook  is  not  easily  scratched.    It  is  almost  certainly  a  siUoate.    Its  character 
should  be  sought  among  the  massive  crystalline  rooks  (p.  136).   If  it  be  heavy, 
appear  to  be  oomi)osed  of  only  one  mineral,  and  have  a  marked  greenii^ 
tint,  it  may  be  some  kind  of  amphibolite  (p.   129);  if  it  consist  of  some 
white  mineral  (felspar)  and  a  green  mineral  which  gives  it  a  distinct  green  colour, 
while   the  weathered   crust  shows  more  or   less  distinct  effervescence,  it 
may  be  a  fine-grained  diorite  (p.  148),  or  diabase  (p.  150) ;  if  it  be  grey  and 
granular,  with  striated  felspars  and  dark  crystals  (augite  and  magnetite),  with 
a  yellowish  or  brownisli  weathered  crust,  it  is  probably  a  dolerite  (p.  152)  or 
andesite  (p.  151.) ;  if  it  be  compact,  finely-crystalline,  scratched  with  difficulty, 
showing  crystals  of  orthoclase,  and  with  a  bleached  argillaceous  weathered 
crust,  it  is  probably  an  orthoclase-porphyry  (p.  144),  or  quartz-porphyry  (p.  141). 
The  occurrence  of  distinct  blobs  or  crystals  of  quartz  in  the  fresh  fractures 
or  weathered  face  will  suggest  a  place  for  the  rock  in  the  quartzifcrons 
crystalline  series. 
iv.  A  firesh  firacture  shows  the  rock  to  have  a  foliated  stmoture. 
The  foliated  rocks  are  for  the  most  part  easUy  recognisable  by  the  prominence  of 
their  component  minerals  (p.  123).    Where  the  minerals  are  so  intimately  mingled  as  not 
to  be  separable  by  the  use  of  the  lens,  the  following  hints  may  be  of  service : — 

a.  The  rock  has  an  unctuous  feel,  and  is  easily  scratched.  It  may  be  talc-schist 
(p.  130),  chlorite-schist  (p.  130),  hydrous  mica-schist  (p.  131),  or  foliated 
serpentine  (p.  157). 
/3.  The  rock  emits  an  earthy  smell  when  breathed  on,  is  harder  than  thoee  included 
in  a,  is  fine-grained,  dark-grey  in  colour,  splits  with  a  slaty  fracture  and  contains 
perhaps  scattered  crystals  of  iron-pyrites  or  some  other  mineral.  It  is  s<Hne 
argillaceous-schist  or  clay-slate,  the  varieties  of  which  are  named  from-  the 
predominant  enclosed  mineral,  as  chiastolite-slate,  andalusite-schist,  ottrelite- 
schist,  &c  (p.  126) ;  if  it  has  a  silky  lustre  it  may  be  phyllite. 

7.  Tlie  rock  is  composed  of  a  mass  of  ray-like  or  fibrous  crystals  matted  together. 

If  the  fibres  are  exceedingly  fine,  silky,  and  easily  separable,  it  is  probably 
asbestos;  if  they  are  coarser,  greenish  to  white,  glassy,  and  hard,  it  is 
probably  an  actinolite-schist  (p.  129).  Many  serpentines  are  seamed  with  veins 
of  the  fine  silky  fibrous  variety  termed  chrysotUe. 

8.  The  rock  has  a  hardness  of  nearly  7,  and  splita  with  some  difficulty  along 

micaceous  folia.    It  is  probably  a  quartzose  variety  of  mica-schist,  quartzwschlBl, 
or  gneiss  (pp.  131, 132). 
c.  The  rock  shows  on  its  weathered  surface  small  particles  of  quartz  and  folia  of 
mica  in  a  fine. decomposing  base.    It  is  probably  a  fine-grained  variety  of 
nuca-schist  or  gneiss. 
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▼.  A  flresh  firactare  shows  the  rock  to  have  a  firagmental  (olastic) 
stmotnre. 

Where  the  oomponent  fragments  are  large  enough  to  be  seen  by  the  naked  eye  or 
with  a  lens,  there  is  usually  little  difficulty  in  determining  the  true  nature  and  proper 
name  of  the  rock.  Two  characters  require  to  be  specially  considered — the  component 
fragments  and  the  cementing  paste. 

1.  The  Fragments, — ^Acoording  to  the  shape,  size,  and  composition  of  the  fragments, 
different  names  are  assigned  to  clastic  rocks. 

a.  Shape. — ^If  the  fragments  are  chiefly  rounded,  the  rock  may  bo  sought- in  the 
sand  and  gravel  series  (p.  158),  while  if  they  are  large  and  angular,  it  may  be  classed 
OS  a  breccia  (p.  161).  Some  mineral  substances,  however,  do  not  acquire  rounded 
outlines,  even  after  long-continued  attrition.  Mica,  for  example,  splitsup  into  thin 
laminie,  which  may  be  broken  into  small  flakes  or  spangles,  but  never  become 
loanded  granules.  Other  minerals,  also,  which  have  a  ready  cleavage,  are  apt  to  break 
up  along  their  cleavage-planes,  and  thus  to  retain  angular  contours.  Calc-spar  is  a 
familiar  example  of  this  tendency.  Organic  romains  composed  of  this  mineral  (such  as 
criuoids  and  echinoids)  may  often  be  noticed  in  a  very  fragmentary  oonditiou,  having 
evidently  been  subjected  to  long-continued  comminution.  Yet  angular  outlines  and 
{iMtAk  or  little  worn  cleavage-surfaces  may  be  found  among  them.  Many  limestones 
&mahsi  largely  of  sab-angular  organic  debris.  Angular  inorganic  detritus  is  cliaracter- 
iatic  of  volcanic  breccias  and  tufis  (p.  164). 

iS.  Size. — ^Where  the  fragments  are  hard,  rounded,  or  sub-angular  quartzose  graiutj, 
the  size  of  a  pin's  head  or  less,  the  rock  is  probably  some  form  of  sandstone  (p.  161). 
Where  they  range  up  to  the  size  of  a  pea,  it  may  be  a  pebbly  sandstone,  fine  con- 
glomerate or  grit ;  where  they  vary  from  the  size  of  a  pea  to  tliat  of  a  walnut,  it  is  an 
ordinary  conglomerate ;  whero  they  range  up  to  the  size  of  a  man's  head  or  larger,  it  is 
a  coarse  conglomerate.  A  considerable  admixture  of  sub-angular  stones  nuJces  it  a 
breociated  conglomerate  or  breccia.  Large  angular  and  irregular  blocks  are  characteristic 
of  coarse  volcanic  agglomerates  (p.  166). 

y.  Composition. — In  the  majority  of  cases,  the  fragments  are  of  quartz,  or  at 

Ifttst  of  some  siliceous  and  enduring  mineral.    Sandstones  cousiut  chiefly  of  rounded 

quartz-grains  (p.  160).    Where  these  are  unmixed  with  otlier  ingredients,  the  rock  is 

i$«imetimes  distinguished  as  a  quartzose  sandstone.    >Such  a  rock  when  indurated 

U-comes  quartzite  (p.  128).     Among  the  quartz-grains,  minute  fragments  of  oUrt 

minerals  may  l>e  observed.    When  any  one  of  these  is  prominent,  it  may  give  a  name  U) 

the  variety  of  sandstone,  as  felspathic,  niicaceous  (p.  96).    Volcanic  tufls  and  breccias 

Mf  characterised  by  the  occurrence  of  lapilli  (very  commonly  ceUular)  of  the  lavas  from 

Uie  explosion  of  which  they  have  been  fonned.    Among  interbedded  volcanic  rocks,  tho 

student  will  meet  with  beds  which  he  may  be  at  a  loss  whether  to  class  as  volcanic, 

oT  uti  formed  of  ordinary  sediment.    They  consist  of  an  intermixture  of  volcanic  detritus 

with  sand  or  mud,  and  pass  on  the  one  side  into  tnie  tufls,  on  the  other  into  sandstones, 

*liales,  limestones,  &c.    If  the  component  fragments  of  a  non-crystidlino  rock  give  a 

•irisk  effervescence  with  acid,  tliey'nre  calcareous,  and  the  rock  (most  likely  a  limestone, 

•ir  at  least  a  calcareous  formation,)  should  be  searched  for  truces  of  fossils. 

2.  The  Paste. — It  sometimes  hapiKJiis  that  the  comi>onent  fragments  of  a  clastic 
r»ck  coherc  merely  from  prcHsuro  and  without  any  discovenible  nmirbc.  This  is 
uci-asionally  the  case  with  sandstone.  !Most  commonly  however,  there  is  some  cementing 
pa»te.  If  a  drop  of  weak  acid  produces  effervescence  from  between  the  component 
non-calcareous  grains  of  a  rock,  the  paste  is  cidcareous.  If  the  grains  are  coated  with  a 
rt* I  crust  which,  on  being  bruised  between  white  paper,  gives  a  cherry-red  |)owder,  the 
cementing  material  is  the  anhydrous  peroxide  of  iron.  If  the  paste  is  yellow  or  brown 
it  is  probably  in  great  part  the  hydrous  jxiroxide  of  iron.  A  dark  brown  or  black 
natrix  which  can  be  dissipated  by  heating  is  bituminous.  Where  the  component 
grains  ore  so  firmly  cemented  in  an  exceedingly  hard  matrix  that  they  break  across 
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rather  than  separate  from  each  other  when  the  stone  is  fmctored,  the  paste  is  probably 

siliceous. 

Determination  of  Speoifie  Gravity.— The  student  will  find  this  character  of 
considerable  advantage  in  enabling  him  to  discriminate  between  rocks.  He  may  acquire 
some  dexterity  in  estimating,  even  with  the  hand,  the  probable  specific  gravity 
of  substances ;  but  he  should  begin  by  determining  it  with  a  balance.  Jolly's  spring 
balance  is  a  simple  and  serviceable  instrument  for  this  purpose.  It  consists  of  an 
upright  stem  having  a  graduated  strip  of  mirror  lot  into  it,  in  front  of  which  hangs 
a  long  spiral  wire,  witli  rests  at  the  bottom  for  weighing  a  substance  in  air  and  iu 
water.  For  most  purposes  it  is  sufUoiently  accurate,  and  a  determination  can  bo  made 
with  it  in  the  course  of  a  few  minutes.^  Another  instrument  has  more  recently  been 
invented  by  W.  N.  Walker,  consisting  of  a  lever  graduated  into  inches  and  tenths, 
and  rusting  on  a  knife-edge  stand,  on  one  side  of  which  is  placed  a  moveable  weight, 
while  on  the  long  graduated  side  the  substance  to  be  weighed  is  suspended.  This 
instrument  is  very  convenient,  and  has  the  advantage  of  not  beiog  so  liable  to  get  out  of 
order  as  other  contrivances.' 

Meohanieal  Analysis. — Much  may  be  learnt  regarding  the  composition  of  a  rock 
by  reducing  it  to  powder.  This  may  be  roughly  done  by  placing  some  pieces  of  the 
i-uck  within  folds  of  paper  upon  a  surface  of  steel,  and  reducing  them  to  powder  by  a 
few  smart  blows  of  a  hammer.  Bat  a  steel  mortar  is  more  serviceable.  The  powder 
can  be  sifted  through  sieves  of  varying  degrees  of  fineness  and  the  separate  fragments 
may  bo  examined  with  a  lens.  If  they  are  dark  in  colour  they  may  be  placed  on  white 
paper,  if  light-coloiutKl  they  are  more  readily  observed  upon  a  black  pa|)er.  Portions 
of  this  powder  may  l)e  carefully  washed  and  mounted  with  Canada  balsam  on  glass,  as 
in  the  way  described  below  for  microscopic  slices.  Furtlier  assistance  may  be  obtained  by 
gently  washing  the  powder  with  water  on  an  inclined  surface.  As  in  the  analogous  treat- 
ment of  veinstones  and  ores  in  mining,  the  particles  arrange  themselves  according  to  their 
respective  gravities,  the  lightest  being  swept  away  by  the  current.  Magnetic  particles 
may  be  extracted  with  a  magnet,  the  end  of  which  is  preserved  from  contact  with  the 
powder  by  being  covered  with  fine  tissue-paper.  An  electro-magnet  will  at  once  with- 
draw the  particles  of  minerals  which  contain  far  too  little  iron  to  be  ordinarily  recognised 
as  magnetic ;  in  this  way  the  i)articles  of  a  ferruginous  magnesian  mica  may  in  a  few 
seconds  be  gathered  out  of  the  powder  of  a  granite. 

Where  the  difference  between  the  speoifie  gravity  of  the  component  minerals  of  a  rock 
is  slight,  they  may  be  separated  by  means  of  a  solution  of  given  density.  M.  Thoulet 
proposed  the  use  of  a  saturated  solution  of  iodide  of  mercury  in  iodide  of  potassium, 
which  at  a  temperature  of  11**  0.  lias  a  density  of  2*77.  The  powder  of  a  rock  being 
introduced  into  this  liquid,  those  particles  whose  specific  gravity  exceeds  that  of 
the  liquid  will  sink  to  the  bottom,  while  those  which  are  lighter  will  float.  This 
process  allows  of  the  separation  of  the  felspare  from  each  other,  and  at  once  eliminates 
the  heavy  minerals  such  as  hornblende,  augite,  and  black  mica.  By  the  addition  of 
water  the  specific  gravity  may  be  reduced,  and  different  solutions  of  given  density  may 
be  employed  for  determining  and  isolating  rock-constituents.  This  method  of  analysis 
is  important  in  affording  a  ready  means  of  separating  the  quartz  and  felspar  of  a  rook.* 


*  Jolly's  spring  Imlance  can  be  obtained  through  any  optician  or  mineral  dealer  from 
Bcrberioh,  of  Munich,  for  nine  florins.  In  the  United  states  it  is  manufactured  by 
Geo.  Wa<le  &  Co.,  at  the'Hoboken  Institute. 

'  See  Geol,  Mag,  1883,  p.  109,  for  a  description  and  drawing  of  this  instrument, 
and  the  manner  of  using  it.  It  may  be  obtained  of  Lowden,  optician,  Dundee,  and 
How  &  Co.,  Farringdon  Street,  London. 

'-  Fouqud  ond  Michel-Levy,  *  Minenilogie  Micrographiquc,'  p.  1 17.  Other  solutions  of 
higher  density  have  been  suggested  for  the  isolation  of  heavier  minerals.  Klein  (Compt 
rend,  1881,  p.  318)  proposed  a  solution  of  borotungstalo  of  cadmium,  with  a  density 
of  3*28 ;  while  R,  Breon  (BuU.  Soc.  Min,  France,  iii.  (1880)  p.  46)  proposed  a  solution 
of  cjlilorido  of  lead,  which,  howe\'er,  can  only  be  employed  at  a  high  temperature. 
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Ghemioal  Analsrsis. — ^The  determination  of  the  chemical  composition  of  rooks 
by  detailed  analysSs  in  the  wet  way,  demands  an  acquaintance  with  practical  chemistry 
which  oompaiattyely  few  geologists  possess,  and  is  consequently  for  the  most  \wti  left 
in  ttie  hands  of  chemists,  who  are  not  geologists.  But  as  some  theoretical  questions  in 
geology  inYoWe  a  considerable  knowledge  of  chemical  processes,  so  a  satisfuctorybanalysis 
of  locln  is  best  performed  by  one  who  understands  the  nature  of  the  geological  problems 
on  which  such  an  analysis  may  be  expected  to  throw  light.  As  a  rule,  detailed 
chemical  analysis  lies  out  of  the  sphere  of  a  geologists  work :  yet  the  wider  his  know- 
ledge of  chemical  laws  and  methods  the  better.  He  should  at  least  bo  able  to  employ 
with  aocuracy  the  simpler  processes  of  chemical  research. 

Treaimeut  tcith  Acid, — The  gcologist^s  accoutrements  for  the  field  should  include  » 
small  acM-bottle,  with  a  glass  stopper  prolonged  downwards  into  a  point.  Dilute 
hydrochloric  acid  is  commonly  employed.  When  a  drop  of  this  acid  gives  effervescenco 
upon  a  surface  of  itwk,  the  reaction  is  caused  by  the  liberation  of  bubbles  of  carbon 
dioxide,  as  this  oxide  is  replaced  by  the  more  powerful  acid.  Hence  effervescence  is  an 
indication  of  the  presence  of  carbonates,  and  when  brisk  is  specially  characteristic  of 
calcinm-carbonate.  Limestone  and  markedly  calcareous  rocks  may  thus  at  once  be 
detected.  By  the  same  means,  the  decomposition  of  such  rocks  as  dolerite  may  be  traced 
to  a  considerable  distance  inward  from  the  surface,  the  original  lime-bearing  silicate  of 
the  rock  having  been  decomposed  by  infiltrating  rain-water,  aud  partially  converted 
into  carbonate  of  lime.  This  carbonate  being  far  more  sensitive  to  the  acid-test  than 
the  other  carbonates  usually  to  be  met  with  among  rocks,  a  drop  of  weak  cold  acid 
Buffioea  to  produce  abundant  effervescence  even  fh)m  a  crystalline  face.  But  the 
effervescence  becomes  much  more  marked  if  we  apply  the  acid  to  the  powder  of  the 
stone.  For  this  purpose,  a  scratch  may  be  made  and  then  touched  with  acid,  when  a 
more  or  less  oopions  discharge  of  carbonic  acid  may  be  obtained,  where  otherwise  it  might 
appear  so  feebly  as  perhaps  even  to  escape  observation.  Some  carbonates,  dolomite  for 
example,  are  hardly  affected  by  acid  until  powdered.  In  other  cases,  the  acid  requires 
to  be  heated,  or  must  be  used  tery  strong,  as  with  sidcrite. 

It  is  a  convenient  method  of  roughly  estimating  the  purity  of  a  limestone,  to  place  a 
fiagment  of  the  rock  in  hydrochloric  acid.  If  there  is  much  impurity  (clay,  sand,  oxide 
of  iron,  &c.),  this  will  remain  behind  as  an  insoluble  residue,  and  may  then  be  further 
tested  chemically,  or  examined  with  the  microscope.  Of  course  the  acid  may  attack 
m»me  of  the  impurities,  so  that  it  cannot  bo  concluded  that  tlie  residue  absolutely 
represents  everything  present  in  the  rock  except  the  carbonate  of  lime ;  but  the  proportion 
of  non-calcareous  matter  so  dissolved  by  the  acid  will  usually  be  small. 

Hydrofluoric  acid  is  a  reagent  of  considerable  service  in  separating  the  mineral 
constituents  of  rocks.  The  rock  to  be  studied  is  reduced  to  jwwdcr  and  introduced 
gently  mto  a  platinum  capsule  contiuniug  the  concentrated  acid.  During  thu  conse- 
quent effervescence,  the  mixturo  is  cautiously  stirred  with  a  platinum  spatula.  ISomc 
minerals  are  converted  into  fluorides,  others  into  fluo&ilicatcs,  while  some,  particularly 
the  iron-magnesia  species,  remain  undisiK^lved.  The  thick  jelly  of  silica  and  alumina  is 
removed  with  water,  and  the  crystalline  minerals  lying  at  the  bottom  can  then  be  dried 
and  examined.  By  arresting  the  solution  at  different  stages  the  different  minerals  mny  > 
be  isolated.  This  process  is  admirably  adapted  for  collecting  the  pyroxene  of  pyroxeuic 
rocks.* 

Further  diemieal  proeessdi, — A  thorough  chemical  analysis  of  a  rock  or  mineral  is 
indispensable  for  the  elucidation  of  its  composition.  But  there  are  several  processes  by 
which,  until  that  complete  analysis  has  been  made,  the  geologist  may  add  to  his  know* 
ledge  of  the  chemical  nature  of  the  objects  of  his  study.  It  is  commonly  the  case  that 
muierals  about  which  he  may  be  doubtful  are  precisely  those  which,  from  their  small 
siasc,  ore  most  difficult  of  separation  from  the  rest  of  the  rock  preparatory  to  analytical 


Fouquc'  and  Michcl-L6vy,  op.  cit,  p.  110. 
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procoBBCB.  The  mineral  apatite,  for  example,  occurs  in  minute  hexagonal  prisms,  which 
on  cross-fracture  might  be  mistaken  for  nepheline,  or  even  sometimes  for  quartz.  I^ 
howcyer,  a  drop  of  solution  of  molybdate  of  ammonia  be  placed  upon  one  of  these 
crystals,  a  yellow  precipitate  will  appear  if  it  be  apatite.  Nepheline,  which  is  another 
hexagonal  mineral  likewise  abundant  in  some  rocks,  gives  no  yellow  precipitate  with 
the  ammonia  solution,  while  if  a  drop  of  hydrochloric  acid  be  put  oyer  it,  cfysiak  of 
chloride  of  sodium  or  common  salt  will  be  obtained.  These  reactions  con  be  observed 
even  with  minute  crystals,  by  placing  them  under  the  microscope  and  using  an  exceed- 
ingly attenuated  pipette  for  dropping  the  liquid  on  tlio  slide. 

Eecently  two  ingenious  applications  of  chemical  processes  to  the  determination  of 
minute  fragments  of  minerals  have  been  made.  In  one  of  these,  devised  by  Boricky/ 
hydroiluosilicic  acid  of  extreme  purity  is  employed.  Tliis  acid  decomposes  most 
silicates,  and  forms  from  tlieir  bases  hydrofluosilicates.  A  particle  about  the  size  of  a 
piii'8  head  of  the  mineral  to  be  examined  is  fixed  by  its  base  upon  a  thin  layer  of  CSunada 
balsam  spread  upon  a  slip  of  glass,  and  a  drop  of  tlie  acid  is  placed  upon  it  The 
preparation  is  then  set  in  moist  air  near  a  saucer  of  water  under  a  bell-glass  for  twenty- 
four  hours,  after  which  it  is  enclosed  in  dry  air,  with  chloride  of  calcium.  In  a  few 
hours  the  hydroiluosilicatos  crystallize  out  upon  the  balsam  and  can  be  examined  with 
the  microscope.  Those  of  potassium  take  the  form  of  cubes,  of  sodiiuu  hexagonal 
priums,'  &c. 

The  second  process  consists  in  utilizing  the  colorations  given  to  the  liame  of  a 
Biiiiben-bumer  by  sodium  and  potassium.  An  elongated  splinter  of  the  mineral  to  bo 
examined  is  first  placed  in  the  outer  or  oxidizing  part  of  the  flame  near  the  base,  and  thou 
in  the  reducing  part  further  up  and  nearer  tlie  centre.  Tlie  amount  of  sodium  present 
in  the  mineral  is  indicated  by  the  extent  to  which  the  flame  is  coloured  yellow.  The 
l)otaijsium  is  similarly  estimated,  but  the  flame  is  then  looked  at  with  cobalt  glass,  so  as 
to  eliminate  the  influence  of  the  sodium.' 

4.  Bloto-yipe  Tevt*, — The  chemical  tests  with  the  blow-pipe  are  simple,  easily 
applied,  and  require  only  patience  and  practice  to  give  great  assistance  in  the  deter- 
mination of  minerals.  If  unacquainted  with  blow-pipe  analysis,  the  student  must  refer 
to  one  or  other  of  the  numerous  text-books  on  the  subject,  some  of  which  are  mentioned 
below.'    For  early  practice  the  following  apparatus  will  be  found  sufiicient  :— 

1.  Blow-pipe. 

*2.  Thick-wicked  candle,  or  a  tin  box  tilled  with  the  material  of  Child's  night-lighta, 
and  furnished  with  a  piece  of  Freyberg  wick  in  a  metcdlic  support. 

3.  Platinum-tipped  forceps. 

4.  A  few  pieces  of  platinum  wire  in  lengths  of  three  or  four  inches. 

5.  A  few  pieces  of  platinum  foil. 
0.  Some  pieces  of  charcoal, 

7.  A  number  of  closed  and  open  tubes  of  hard  glass. 


'  Archiv  NatuncUf.  LajuieMlurdtforseliuny  von  Bolunen^  iii.  fasc  3, 1876. 
•  Szabo,  *  Ucber  cine  neue  Methode  die  Felspathe  audi  in  Qcsteinen  zu  besiimmen* 
Budii-lVst,  1876. 

'  The  great  work  on  the  blow-pipe  is  Pkttnor's,  of  wliicli  an  English  translation  has 
boon  imWishcd.  Elderiiorst's  *  Manual  of  Qualitative  Blow-pipc  Analysis  and  Deter- 
minative Mineralogy,'  by  H.  B.  Xoson  and  C.  F.  Chandler  (Philadelphia :  N.  8.  Porter 
and  Ceates),  is  a  smaller  but  useful  volume ;  while  still  less  pretending  is  Scheeier^s 
'  Intrfxluction  to  the  Use  of  the  Mouth  Blow-pipe,*  of  whicli  a  third  edition  by  H.  F. 
Blandford  was  published  in  1875  by  F.  Norgatc.  An  admirable  work  of  reference  will 
be  found  in  Professor  Brush's  'Manual  of  Determinative  Mineralogy  *  (Now  York: 
J.  Wiley  and  Son). 

•  The  student  who  would  pursue  physical  geology  by  original  research  in  tho 
field  and  abroad  may  consult  Bou<?,  *  Guide  du  Geologuo  Voyageur,'  2  vols.  1885 ; 
Elie  do  Beaumont,  *I.e9ons  de  Geologic  pratique,' vol.  i.,  1845;  Penning  and  Jukes- 
Browne,  « Field  Geology,'  2nd  edit.  1880 ;  A.  Geikie,  *  Outlines  of  Field  Geoloey,' 
3rd  edit  1882.  ^ 
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8.  Throe  small  stoppered  bottles  containing  sodium-carbonate,  borax,  and  microcosmio 
salt 

9.  ICagnei 

This  list  oan  be  increased  as  ezperionoo  is  gained.  The  whole  apparatus  may  easily 
be  paoked  into  a  box  which  will  go  into  the  corner  of  a  portmanteau. 

ii   MioroBOopio  InveBtigation.' 

The  Talue  of  the  miorosoope  as  an  aid  in  geological  research  is  now  everywhere 
acknowledged.  Some  information  may  here  be  given  as  to  the  methods  of  procedure 
in  miorosoi^ioal  inquiry. 

1.  Preparation  of  mioroBoopie  Blides  of  rocks  and  mineralB.— The 
obsenrer  ought  to  be  able  to  prepare  his  own  slices,  and  in  many  cases  will  find  it  of 
edTantage  to  do  so,  or  at  least  personally  to  superintend  their  preparation  by  others.  It 
ii  desirable  that  he  should  know  at  the  outset  that  no  costly  or  unwieldy  set  of 
apparatus  is  needful  for  his  purpose.  If  he  is  resident  in  one  place  and  can  accommo- 
date  a  cutting  machine,  such  as  a  lapidary's  lath,  he  will  find  the  process  of  preparing 
Tock««liecs  greatly  facilitated.'  The  thickness  of  each  slice  must  bo  mainly  regulated 
by  the  nature  of  the  rock,  the  rule  being  to  make  the  slice  as  thin  as  can  conveniently 
be  cut,  so  as  to  save  labour  in  grinding  down  afterwards.  Perhaps  the  thickness  of  a 
shilling  may  be  taken  as  a  fiair  average.  The  operator,  however,  may  still  further 
redooe  this  tiiickness  by  cutting  and  polisliing  a  face  of  the  specimen,  cementing  that 
OQ  glass  in  the  way  to  be  immediately  described,  and  then  cutting  as  close  as  possible 
to  the  cemented  surfece.  The  thin  slice  thus  left  on  the  glass  can  then  be  ground 
down  with  comparative  ease. 

Excellent  rock-sections,  however,  may  be  prepared  without  any  machine,  provided 
the  operator  possesses  ordinary  neatness  of  hand  and  patience.  He  must  procure  as 
thin  chips  as  possible.  Should  the  rocks  be  accessible  to  him  in  the  field,  he  should 
sdeei  the  freshest  portions  of  them,  and  by  a  dexterous  use  of  the  hammer,  break  off 
from  a  sharp  edge  a  number  of  thin  splinters  or  chips,  out  of  which  he  can  choose  ono 
nr  more  for  rock-slices.  These  chips  may  be  about  an  inch  square.  It  is  well  to  take 
tereral  of  them,  as  the  first  specimen  may  chance  to  1)0  spoiled  in  the  preparation.  The 
geologist  ought  also  always  to  carry  off  a  piece  of  the  same  block  from  which  his  chip  Ih 
taken,  that  he  may  have  a  specimen  of  the  rook  for  future  reference  and  comparison. 
Every  such  hand-specunen,  as  well  as  the  chips  belonging  to  it,  ought  to  be  wrapped 
up  in  paper  on  the  spot  where  it  is  obtained,  and  with  it  should  bo  placed  a  label 
containing  the  name  of  the  loc^ity  and  any  notes  that  may  be  thought  necessary. 
It  can  hardly  bo  too  frequently  reiterated  that  all  such  fic'ld-notes  ought  as  far  as 
possible  to  be  written  down  on  the  ground,  whon  tlio  actual  faots  are  bofore  the  eyo 
fiir  examination. 

Having  obtauied  his  thin  slices,  either  by  Imving  thorn  slit  witii  a  macliinc  or  by 
(h'taching  with  a  hammer  as  thin  splinters  as  possible,  the  operator  may  proeooil  t^  the 

*  This  section  is  taken,  with  alterations  and  additions,  from  tlio  anthor'H  *  Outlines  of 
Field  Oeolocy.' 

'  A  machine  well  adapted  for  both  cutting  and  poliBhing  was  devised  some  years 
ign  by  Mr.  J.  B.  Jordan,  and  may  be  had  of  Messrs.  Cotton  and  Johnson,  Grafton 
toeet,  Soho,  London,  for  £10  lOi.  Another  slicing  and  polishing  machine,  invented 
by  Mr.  F.  G.  Cuttell,  104  Leighton  Road,  Kentish  Town,  lx)ndon,  costs  £6  10^.  These 
aaehioes  are  too  unwieldy  to  be  carried  about  the  country  by  a  field-geologist.  Fuess 
•f  Berlin  supplies  two  small  and  convenient  hand-instruments,  one  for  slicing,  the  other 
for  grinding  and  polishing.  The  slicing-machinc  is  not  quite  so  satiHfactory  for  hard 
rocks  as  one  of  the  larger,  more  solid  forms  of  apparatus  worko<l  by  a  treadle.  But  the 
Krinding-fliaohine  is  useful,  and  might  be  added  to  a  geologist's  outfit  without  material 
ueoDvenieiioe.  If  a  lapidary  is  within  reacli,  much  of  the  more  irksome  part  of  tho 
work  may  be  saved  by  getting  him  to  cut  off  the  thin  slices  in  directions  marked  for 
him  npoQ  the  specimens. 
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preparation  of  them  for  the  microfloope.  For  ihia  purpose  tlie  following  simple 
apparatus  is  all  tliat  is  abjolotely  needful,  though  if  a  grinding-machino  be  added  it 
will  save  time  and  labour. 

List  of  Apparattu  required  in  the  Preparation  of  Thin  Slices  of  Iiock$  and  Minerali  for 

Microscopical  Examination, 

1.  A  cast-iron  plate  }  inch  thick  and  9  inches  square. 

2.  Two  pieces  of  plate-glass,  9  inches  square. 

3.  A  Water  of  Ayr  stone,  6  inches  long  by  2J  inches  broad. 

4.  Coarse  emery  (1  lb.  or  so  at  a  time), 
i).  Fine  or  flour-emery  (ditto). 

(».  Putty  powder  (1  oz.). 

7.  Canada  balsam.  (There  is  an  excellent  kind  prepared  by  Bimmington,  Bradford, 
gpeoially  for  microscopic  preparations,  and  sold  in  shilling  bottles.) 

8.  A  small  forceps,  and  a  common  sewing-needle  with  its  head  fixed  in  a  oork. 

9.  Some  oblong  pieces  of  common  flat  window-glass ;  2  x  1  inches  is  a  con?enient 
size. 

10.  Glasses  with  ground  edges  for  mounting  the  slices  upon.  They  may  be  had  at  any 
chemical  instrument  maker's  in  different  sizes,  the  commonest  in  this  country  being  3x1 
inches,  though  this  size  is  rather  too  long  for  oonvenient  handling  on  a  rotating  stage. 

11.  Thin  covering-glasses,  square  or  round.  These  are  sold  by  the  ounce;  \  oz.  will 
bo  sufficient  to  begin  with. 

12.  A  small  bottle  of  spirits  of  wine. 

The  first  part  of  the  process  consists  in  rubbing  down  and  polishing  one  side  of  the 
chip  or  slice,  if  this  has  not  already  been  done  in  cutting  off  a  slice  affixed  to  glass,  as 
above  mentioned.  Wo  place  the  chip  upon  the  wheel  of  tbe  grinding-machine,  or, 
failing  that,  upon  the  iron  plate,  with  a  little  ooorse  emery  and  water.  If  the  chip  is 
so  shaped  that  it  can  be  conveniently  pressed  by  the  finger  against  the  plate  and  kept 
there  in  regular  horizontal  movement,  we  may  proceed  at  once  to  rub  it  down.  If,  how- 
ever, we  find  a  difficulty,  from  its  small  size  or  otherwise,  in  liolding  tho  chip,  one  side 
of  it  may  be  fastened  to  tho  end  of  a  bobbin  or  other  convenient  bit  of  wood  by  means 
of  a  cement  formed  of  three-parts  of  rosin  and  one  of  beeswax,  which  is  easily  softened 
by  heating.  A  little  practice  will  show  that  a  slow,  equable  motion  with  a  certain 
steady  pressure  is  most  effectual  in  producing  the  desired  flatness  of  surface.  When  all 
the  roughnesses  have  been  removed,  which  can  bo  told  after  the  chip  has  been  dipped  iu 
water  so  as  to  remove  the  mud  and  emery,  we  place  the  specimen  upon  tho  square  of 
plate-glass,  and  with  flour-emery  and  water  continue  to  rub  it  down  until  all  the 
scratches  caused  by  the  coarse  emery  have  been  removed  and  a  smooth  polished  surface 
has  been  produced.^  Care  should  be  taken  to  wash  the  chip  entirely  free  of  any  grains 
of  coarse  emery  before  the  polishing  on  glass  is  begun.  It  is  desirable  also  to  resen'e 
the  glass  for  polishing  only.  The  emery  gets  finer  and  finer  the  longer  it  is  used,  so 
that  by  remaining  on  tho  plate  it  may  be  used  many  times  in  succession.  Of  course  the 
glass  itself  is  worn  down,  but  by  using  alternately  every  portion  of  its  surface  and  on 
both  sides,  one  plate  may  be  made  to  last  a  considerable  time.  If  after  drying  and 
examining  it  carefully,  we  find  the  surface  of  the  chip  to  be  ix)li8hed  and  free  fiom 
scratches,  we  may  advance  to  the  next  part  of  the  process.  But  it  will  often  happen 
that  the  surface  is  still  finely  scratched.  In  this  case  we  may  place  the  chip  upon  tho 
Water  of  Ayr  stone  and  with  a  little  water  gently  rub  it  to  and  fro.    It  should  be  held 


*  Elxceedingly  impalpable  emery  powder  may  bo  obtained  by  stirring  some  of  tho 
finest  emery  in  water,  and  after  tho  coarse  particles  have  subsided,  pouring  off  the  liquid 
and  allowing  the  fine  suspended  dost  gradually  to  subside.  FiltercHl  and  dried,  the 
residue  can  be  kept  for  the  more  delicate  parts  of  the  polishing. 
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qnite  flut  The  Water  of  Ayr  sione,  too,  should  not  be  allowed  to  get  worn  into  a  hollow, 
hoi  should  alao  be  kept  quite  flat,  otherwise  we  shall  lose  part  of  the  chip.  Some  soft 
rookai  however,  will  not  take  an  unscratched  surface  oveu  with  the  Water  of  Ayr  stone. 
These  may  be  finished  with  putty  powder,  applied  with  a  bit  of  woollen  rag. 

The  denied  flatness  and  polish  having  been  secured,  and  all  trace  of  scratches  and 
dirt  having  been  completely  remoYod,  we  proceed  to  a  further  stage,  which  consists  in 
grinding  down  the  opposite  side  and  reducing  the  chip  to  the  requisite  degree  of  thin- 
ness. The  first  step  is  now  to  cement  the  polished  surface  of  the  chip  to  one  of  the 
pieces  of  common  glass.  A  thin  piece  of  iron  (a  common  shovel  does  quite  well)  is 
heated  over  a  fire,  or  is  placed  between  two  supports  over  a  gas-ilamo.'  On  this  plate 
must  be  Liid  the  piece  of  glass  to  which  the  slice  is  to  be  affixed,  together  with  the  slico 
Uaelt  A  little  Canada  balsam  is  dropped  on  the  centre  of  the  glass  and  allowed  to 
remain  until  it  has  acquired  the  necessary  consistency.  To  test  this  condition,  the  point 
of  a  knife  should  bo  inserted  into  the  balsam,  and  on  being  removed  should  be  rapidly 
cooled  by  being  pressed  against  some  oold  surface.  If  it  soon  becomes  hard  enough  to 
resist  the  pressure  of  the  finger  nail,  it  has  been  sufficiently  heated.  Care,  however, 
must  be  observed  not  to  let  it  remain  too  long  on  the  hot  plate ;  for  it  will  then  become 
brittle  and  start  from  the  glass  at  some  future  stage,  or  at  least  will  breuk  away  from 
the  edges  of  the  chip  and  leave  them  exposed  to  the  risk  of  being  frayed  off.  The  heat 
should  be  kept  as  moderate  as  possible,  for  if  it  becomes  too  great  it  may  injure  some 
portions  of  the  rock.  Chlorite,  for  example,  is  rendered  quite  opaque  if  the  heat  is  so 
great  as  to  drive  off  its  water. 

When  the  balsam  is  found  to  be  ready,  the  chip,  which  has  been  warmed  on  the 
same  plate,  is  lifted  with  the  forceps,  and  laid  gently  down  upon  the  balsam.  It  is 
well  to  let  one  end  touch  the  balsam  first,  and  then  gradually  to  lower  the  other,  as  in 
this  way  the  air  is  driven  out  With  the  point  of  a  needle  or  a  knife  the  chip  should 
be  moved  about  a  little,  so  as  to  expel  any  bubbles  of  air  and  promote  a  firm  cohesion 
between  the  glass  and  the  stone.  The  glass  is  now  removed  with  the  forceps  from  the 
plate  and  put  upon  the  table,  and  a  lead  weight  or  other  small  heavy  object  is  placed 
upon  the  chip,  so  as  to  keep  it  pressed  down  until  the  balsam  has  cooled  and  hardened. 
If  the  operation  has  been  successful,  the  slide  ought  to  be  ready  for  further  treatment  as 
soon  as  the  balsam  has  become  cold.  If,  however,  the  balsam  is  still  soft,  the  glass  must 
be  again  placed  on  the  plate  and  gently  heated,  until  on  cooling,  the  balsam  fultils  the 
condition  of  resisting  the  pressure  of  the  finger-nail. 

Having  now  produced  a  firm  union  of  the  chip  and  the  glass,  we  proceed  to  rub  down 
the  remaining  side  of  the  stone  with  coarse  emery  on  the  irun  plate  as  before.  If  the 
glass  cannot  be  held  in  the  hand  or  moved  by  the  simple  pressure  of  the  fingers,  which 
usually  suffices,  it  may  be  fastened  to  the  end  of  the  bobbin  with  the  cement  as  before. 
When  the  chip  has  been  reduced  until  it  is  tolerably  thin ;  until,  for  example,  light 
appears  through  it  when  held  between  tlie  eye  and  the  window,  we  may,  as  before,  wash 
it  clear  of  the  coarse  emery  and  continue  the  re<luction  of  it  on  the  glass  plate  with  fine 
emery.  Crystalline  rocks,  such  as  granite,  gneiss,  diorite,  dolcrite,  and  modern  lavas, 
can  be  thus  reduced  to  the  required  thinness  on  the  glass  plate.  Softer  rocks  may 
require  gentle  treatment  with  the  Water  of  Ayr  stone. 

The  last  parts  of  the  process  are  the  most  delicate  of  all.  We  desire  to  make  tho 
section  as  thin  as  possible,  and  for  that  purpose  continue  nibbing  imtil  after  one  final 
attempt  we  may  perhaps  find  to  our  dismay  that  great  part  of  the  slice  has  disappeared. 
The  utmost  caution  should  be  used.  The  slide  should  be  kept  as  fiat  as  possible,  and 
looked  at  frequently,  that  the  first  indications  of  disruption  may  bo  detected.  Tho 
tliiuness  desirable  or  attainable  depends  in  great  measure  upon  the  nature  of  the  rock. 


*  A  piece  of  wire-gauze  placed  over  the  fiame,  with  an  interval  of  an  inch  or  moro 
iK'tween  it  and  the  overlying  thin  iron  plate,  tends  to  diff'use  the  heat  and  prevent  tho 
Iwlsam  from  being  unequally  heated. 


88  GEOGNOSY.  [Book  II. 


TrauBparcnt  miucrals  noed  not  be  so  much  reduced  as  more  opaque  ones.  Borne 
mineruls,  indeed,  remain  nhsolntely  opaque  to  the  last,  like  pyrite,  magnetite,  and 
ilmeuite. 

The  elide  is  now  ready  for  the  niicroBCoix>.  It  ought  always  to  be  examine<1  with 
tliat  instrument  at  this  stHge.  AVe  can  thus  see  whether  it  is  thin  enough,  and  if  any 
ehomical  todts  are  requirctl  they  can  readily  be  applied  to  the  exposed  surface  of  the 
slice.  If  the  roek  has  proved  to  be  very  brittle,  and  we  have  only  succeeded  in 
procuring  a  thin  slice  after  much  labour  and  several  fiiilures,  nothing  further  should  be 
(lone  with  the  preparation,  unlt^ss  to  cover  it  with  glass,  as  will  bo  inmiediately 
explained,  which  not  only  protects  it,  but  adds  to  its  transparency.  But  where  the  slice 
is  not  so  fragile,  and  will  bear  removal  from  its  original  rough  scratched  piece  of  glass, 
it  should  Ijc  transferred  to  one  of  the  glass-slides  (No.  10).  For  this  purpose,  the 
prejmration  is  once  more  placed  on  the  warm  iron  plate,  and  close  alongside  of  it  is 
put  one  of  the  pieces  of  glass  which  has  been  carefully  cleaned,  and  on  the  middle  of 
which  a  little  Canada  balsam  has  been  drop^xnl.  The  heat  gradually  loosens  the 
cohesion  of  the  slice,  which  is  then  very  gently  pushed  with  the  nee<lle  or  knife  along 
to  the  contiguous  clc(m  slip  of  glass.  (Considerable  practice  is  needed  in  this  part  of 
the  work,  as  the  slice,  b<.-ing  so  thin,  is  ujit  to  ;;o  to  irieccs  in  bt^ug  transferred.  A 
gentle  inclination  of  the  warm  plate,  so  that  a  tendency  may  be  given  to  the  slice  to  Rli]» 
downwards  of  itself  on  to  the  clean  glass,  may  l>e  advantageously  given.  AVe  must 
never  attempt  to  lift  the  slice.  All  shifting  of  its  position  should  be  performcil  with 
the  point  of  the  needle  or  other  sharp  instrmuent.  If  it  goes  to  pieces  we  may  yet  be 
able  to  pilot  the  fragments  to  tlieir  resting-pkco  on  the  balsam  of  the  new  glaMt.  and  the 
resulting  slide  may  be  sufficient  for  the  re<j[uired  purpose. 

When  the  slice  has  been  safely  conducted  to  the  centre  of  the  glass  slip,  we  put  a 
little  Canada  balsam  over  it,  and  warm  it  as  before.  Then  taking  one  of  the  thin  cover- 
glasses  with  the  forceps,  wo  allow  it  gradually  to  rest  ujwn  the  slice  by  letting  ilown 
first  one  side,  and  then  by  degrees  the  whole.  A  fuw  gentle  circular  movements  of  the 
cover-glass  with  the  ix>int  of  the  needle  or  forceps  may  be  neetled  to  ensure  the  total 
disappearance  of  air-bubbles.  When  these  do  not  appear,  and  when,  as  before,  we  lind 
that  the  balsam  has  acijuired  tlie  proper  degree  of  consistence,  the  slide  containing  the 
slice  is  remove<l,  and  placed  on  the  table  with  a  smtdl  lead  weight  above  it  in  the  same 
way  as  already  described.  On  becoming  quite  cold  and  hard  the  superabundant  Imlsam 
round  the  edge  of  the  cover-glass  may  be  scraped  off  with  a  knife,  and  any  which  still 
ailheres  to  the  glass  may  be  removed  with  a  little  spirits  of  wine.  Small  labels  should 
bo  kept  ready  for  affixing  to  tlie  slides  to  mark  localities  and  reference  numbers.  Tims 
labelled,  the  slide  may  !«  put  away  for  future  study  and  comparison. 

The  whole  process  seems  perhajis  a  little  tedious.  But  in  reality  much  of  it  is  so 
mechanical,  that  after  tlie  mode  of  manipulation  has  been  loanit  by  a  little  experience, 
the  rubbing-down  may  be  done  while  the  operator  is  reading.  Thus  in  the  evening, 
when  enjoying  a  pleasant  lxx)k  after  his  day  in  the  field,  he  may  at  the  same  time,  after 
some  practice,  rub  down  his  rook-chips,  and  thus  get  over  the  drudgery  of  the  o]icraiion 
almost  unoonsciouslv. 

Boxes,  with  grooved  sides  for  carrying  microscopic  slides,  are  sold  in  different  sizes. 
Such  boxes  are  most  convenient  for  a  tmvelHng  equipage,  as  they  go  into  small  space, 
and  with  the  lielp  of  a  little  cotton- wool  they  hold  the  glass-slides  Unnly  without  risk 
of  breakage.  For  a  final  resting-place,  a  cose  with  shallow  trays  or  drawers  in  wliioh 
the  slides  can  lie  flat  is  most  convenient 

2.  The  HiCTOSOope.— Unless  the  observer  proposes  to  enter  into  great  detail  in 
the  iiivt.-:>1  iu:»ti'>ii  of  the  minuter  parts  of  rock-stmctare,  he  does  not  require  to  procure  a 
lar-j^u  III. 'I  r  xiHUriivc  instrnment  For  nort  geological  purposes  objectives  of  1},  1,  and 
l.-iiiili  r-M  >!!  t'ltulh  with  mflgmfjring  powers  of  from  30  to  70  diameters,  are  sufficient. 
Will  It  >  /  In'.;,  ijc.)  for  ipeekl  wori^  meh  aa  the  investigation  of  crystallites  and 
i)>  <  :  iMih!  mil,  to  hsn  aa  oljeothre  eapablo  of  magnifying  np  to  200  or  300 
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diometefa.  An  iDstroment  with  foirly  good  glasses  of  those  powers,  acoording  to  tho 
amngement  of  objoct-glasses  and  eye-pioces,  may  be  had  of  some  London  makers  for 
£5.  Bnt  for  some  of  tho  most  important  parts  of  the  microscopical  study  of  rooks  a 
lotatiog  stage  is  requisite,  the  presence  of  which  necessarily  adds  to  tho  cost  of  tlie 
inatnuneni  One  of  the  best  microscopes  specially  adapted  for  lithological  research  is 
that  derised  by  Professor  Bosenbnsch,  of  which  an  English  modification  is  made  by 
Watson,  of  Pall  Mall,  London,  and  sold  at  £21.  It  contains  every  apparatus  required 
for  ordinary  work.  A  less  complete  bnt  useful  instrument  is  sold  by  the  same  maker 
for  £9  10».  Swift  k  8on,  of  81  Tottenham  Court  Boad,  London,  have  oonstmcted  some 
excellent  forms  of  mioroscope  for  petrographical  purposes,  at  £8,  £10  10^.,  and  £24. 

Among  the  indispensable  adjuncts  aro  two  Niool-prisms,  one  to  be  fitted  below  the 
stage,  the  other  most  adyantageously  placed  over  the  eye-piece.  A  quartz-plate  is 
uaefid  in  examination  with  polarized  light  It  should  bo  arranged  between  the  two 
Nicol-prisms,  either  below  the  stage  or  in  tho  tube  above  tho  objective,  so  as  to  bo 
conveniently  slipped  in  and  out  of  the  field  as  required.  A  nose-piece  for  two  objectives, 
screwed  to  the  foot  of  the  tube,  saves  time  and  trouble  by  enabling  the  observer  at  once 
to  paaa  from  a  low  to  a  high  power.  Tlio  numerous  pieces  of  apparatus  necessary  fur 
physiologieal  work  arc  not  nccdt*d  in  the  examination  of  rocks  and  minerals. 

3.  Methods  of  Examination. — A  fow  hints  may  bo  liero  given  for  the  guidance 
of  the  student  in  making  his  own  microscopic  observations,  but  ho  must  consult  some  of 
the  special  treatises,  mentioned  on  p.  100  for  full  dotailp. 

Reflected  Light — ^It  is  not  infrequently  desirable  to  observe  with  tho  microscope 
the  characters  of  a  rock  as  an  opaque  object  This  cannot  usually  bo  done  with  a 
broken  fragment  of  the  stone,  except  of  course  with  very  low  lowers.  Hence  one  of  tlio 
most  naefhl  preliminary  examinations  of  a  prepared  slice  is  to  place  it  in  the  field,  and, 
throwing  tho  mirror  out  of  gear,  to  converge  as  strong  a  light  upon  it  as  can  be  hod, 
ahort  of  bright  direct  sunlight  Tho  advantage  of  this  method  is  more  particularly 
noticeable  in  tho  case  of  ojiaque  minenils.  Tho  sulphides  and  iron-oxides  so  abundant 
in  rocks  appear  as  densely  black  objects  with  transmitted  light,  and  show  only  their 
external  form.  But  by  throwing  a  strong  light  upon  their  surface,  we  may  often 
discover  not  ouly  their  distinctive  colours,  but  their  characteribtic  internal  structure. 
Titaniferons  iron  is  an  admirable  example  of  the  advantage  of  this  method.  Seen  with 
transmitted  light,  that  mineral  appears  in  black,  utterly  structurelees  grains  or  0|)aqiie 
patches,  though  frequently  bounded  by  definite  lines  and  angles.  But  with  reflected 
light,  the  cleavage  and  lines  of  growth  of  the  mineral  can  then  often  be  clearly  Econ, 
and  what  seemed  to  be  uniform  black  patches  are  found  in  many  cases  to  enclose  bright 
braay  kernels  of  pyrite.  Magnetite  also  presents  a  characteristic  blue-block  colour, 
which  distinguishes  it  from  the  other  iron-oxides. 

TniMmitted  lAyht. — It  is,  of  course,  with  tho  lip:ht  allowM  to  pns.s  Ihrougli 
prf-pared  slices  tliat  most  of  the  microscopic  examination  of  minerals  and  rocks  is 
perforroiHL  A  little  experience  will  show  the  learner  tlmt,  in  viewing  objects  in  this  way. 
he  may  obtain  somewhat  different  results  from  two  sUcch  of  the  same  rock  according  to 
their  reUiUvo  thinness.  In  the  thicker  one,  a  certain  mineral  or  rock,  obsidian  for 
example,  will  appear  perhaps  brown  or  almost  black,  while  in  the  other  what  in 
evidently  tho  same  mineral  may  be  pale  yellow,  green,  brown,  or  almost  colourless. 
TriGlinic  felspars  seen  in  polarized  light  give  only  a  pale  milky  light  when  extremely 
thin,  bat  present  bright  chromatic  bands  when  somewhat  thicker. 

Viiarized  Light-^By  means  of  polarized  light,  an  exceedingly  delicate  method  of 
invi'Migaticm  is  made  available.  We  use  both  tho  Nicol-prisms.  If  the  object  be  singly- 
refiracting,  such  as  a  piece  of  glass,  or  an  amorphous  body,  or  a  crystal  belonging  to 
some  snbbtanoe  which  crystallizes  in  the  isometric  or  cubic  system  (or  if  it  be  a  tetragonal, 
hexagonal  er  ihombohedral  crystal,  cut  perpendicular  to  its  principal  axis),  the  light  will 
reach  oar  eja  apparently  unaffected  by  the  intervention  of  the  object.  The  field  will 
remain  daric  wImii  the  axes  of  the  two  prisms  are  at  right  angles  (crossed  Nicols),  in 
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the  same  way  as  if  no  intervening  object  were  there.  Such  bodies  are  iM^ropie.  In  all 
other  cases,  the  substance  is  donbly-refraoiing  and  modifies  the  polarized  beam  of  light 
On  rotating  one  of  the  prisms,  we  perceive  bands  or  flashes  of  colour,  and  numennu 
linos  appear  which  before  were  invisible.  The  field  no  longer  remains  dark  when  the 
two  Niool-prisms  are  crossed.    Such  a  substance  is  anisotropic. 

It  is  evident,  therefore,  that  we  may  readily  toll  by  this  means  whether  or  not  a 
rock  contains  any  glassy  constituent.  If  it  does,  then  that  portion  of  its  mass  will 
becomo  dark  when  the  prisms  are  crossed,  while  the  crystalline  parts  which,  in  the  vast 
majority  of  cases,  do  not  belong  to  the  cubic  system,  will  remain  conspicuous  by  their 
brightness.  A  thin  plate  of  quartz  makes  this  separation  of  the  glassy  and  crystalline 
ports  of  a  rock  even  more  satisfactory.  It  is  placed  between  the  Nicol-prisms,  which 
may  be  so  adjusted  with  reference  to  it  that  the  field  of  the  microecopo  appears 
uniformly  violet  The  glassy  portion  of  any  rock,  being  singly-refracting  or  isotropic, 
placed  on  the  stage  will  allow  the  violet  light  to  pass  through  unchanged,  but  the 
crystalline  portions,  being  doubly-re&acting  or  anisotropic,  will  alter  the  violet  light 
into  other  prismatic  colours.  The  object  should  bo  rotated  in  the  field,  and  the  eye 
should  be  kept  steadily  fixed  upon  one  portion  of  the  slide  at  a  time,  so  that  any  change 
may  be  observed.  This  is  an  extremely  delicate  test  for  the  presence  of  glassy  and 
crystalline  constituents. 

In  searching  for  the  crystallographio  system  to  which  a  mineral  in  a  microsoopic 
slide  should  be  referred,  attention  is  given  to  the  directions  in  which  the  mineral  placed 
between  crossed  Nicols  appears  dark,  or  to  what  are  called  the  directions  of  its  extinc- 
tion. It  is  extinguished  (that  is,  the  normal  darkness  of  the  field  between  the  orossed 
Kicols  is  restored)  when  two  of  its  axes  of  elasticity  for  vibrations  of  light  coincide  with 
tlie  principal  sections  of  the  two  prisms.  During  a  complete  rotation  of  the  slide  in  the 
field  of  the  microscope  the  mineral  becomes  dark  in  four  positions,  each  of  which  marks 
that  coincidence.  When,  on  the  other  hand,  the  prisms  are  placed  parallel  to  eaoh 
other,  the  coincidence  of  their  principal  sections  with  the  axes  of  elasticity  in  the 
mineral  allows  the  maximum  of  light  to  pass  through,  which  likewise  occurs  four  times 
in  a  complete  rotation  of  the  mineraL  The  difierent  crystallographio  systems  are 
distinguishable  by  the  relation  between  their  crystallographio  axes  and  their  axes  of 
elasticity.  By  noting  this  relation  in  the  case  of  any  given  mineral  (and  there  are 
usually  sections  enough  of  each  mineral  in  the  same  rock-slice  to  ftimish  the  required 
data)  its  crystalline  system  may  be  fixed.  But  in  many  cases  it  has  been  found  possible 
to  establish  characteristic  distinctions  for  individual  mineral  species,  by  noting  the 
angle  between  the  direction  of  their  extinction  and  certain  principal  faces.  It  would  be 
beyond  the  scope  of  this  volume  to  enter  into  the  details  of  this  subject,  which  must  be 
sought  in  some  of  the  works  already  cited.  The  publications  of  Zirkel,  Rosenbuach 
von  Lasaulx,  Fouque  and  Michel-Levy  may  especially  bo  consulted. 

Pleochroiitn  (Dichroism). — Some  minerals  show  a  change  of  colour  when  a  Niool- 
prism  is  rotated  below  them ;  hornblende,  for  example,  exhibiting  a  gradation  ftom  deep 
brown  to  dark  yellow.  A  mineral  presenting  this  change  is  said  to  be  pleochroio 
(l)olyohroic,  dichroic,  trichroic).  To  ascertain  the  pleochroism  of  any  mineral  we  may 
remove  the  upper  polarising  prism  (analyzer)  and  leave  only  the  lower  (polarizer).  If 
as  we  rotate  the  latter,  no  change  of  tint  can  be  observed,  there  is  no  pleochroio  mineral 
present,  or  at  least  none  which  shows  pleochroism  at  the  angle  at  which  it  has  been 
bisected  in  the  slice.  But  in  a  slice  of  any  crystalline  rock,  crystals  may  usually 
be  observed  which  offer  a  change  of  hue  as  the  prism  goes  round.  These  ore  examples 
of  pleochroism.  This  behaviour  may  bo  used  to  detect  the  mineral  constituents  of 
rocks.  Thus  the  two  minerals  hornblende  and  augite,  which  in  so  many  respects 
resemble  each  other,  cannot  always  bo  distinguished  by  cleavage  angles,  in  microsoopic 
slices.  But  as  Tschormak  pointed  out,  augite  remains  passive  or  nearly  so  as  the  lower 
prism  is  rotated :  it  is  not  pleochroio,  or  only  very  feebly  so ;  while  hornblende,  on  the  other 
hand,  especially  in  its  dark  varieties,  is  usually  strongly  pleochroio.    It  is  to  be 
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obwrred,  howeTer,  that  the  same  mineral  is  not  always  equally  pleochrolc,  and  that  the 
§i)Beiaoe  of  thiB  property  is  therefore  less  reliable  as  a  negative  test,  than  its  presence  is 
as  a  positive  test. 

In  his  examination  of  rooks  with  the  microscope,  the  student  may  find  an  advantage 
in  propounding  to  himself  the  following  questions,  and  referring  to  the  pages  hero 
dted. 

l8t»  Is  the  rock  entirely  crystalline  (p.  109)  consisting  solely  of  crystals  of  different 
mioerals  interlaced ;  and  if  so,  what  are  these  minerals  ?  2nd,  Is  there  any  trace  of  a 
glassy  groond-mass  or  base  (p.  106)  ?  Should  this  be  detected,  the  rock  is  certainly  of 
Tolcanic  origin  (p.  106).  3rd,  Can  any  evidence  be  found  of  the  devitrification  of  what 
may  have  been  at  one  time  the  glassy  basis  of  the  whole  rock  ?  This  devitrification 
might  be  shown  by  the  appearance  of  numerous  microscopic  hairs,  rods,  bundles  of 
feather-like  irregular  or  granular  aggregations  (pp.  106,  111).  4th,  In  what  order  did 
the  minerals  crystallize?  This  may  often  be  m&de  out  with  a  microscope,  as, 
for  instuice,  where  one  mineral  is  enclosed  within  another  (p.  105).*  5th,  What  is  the 
nature  of  any  alteration  which  the  rock  may  have  undergone  ?  In  a  vast  number  of 
fMOS  the  slices  show  abundant  evidence  of  such  alteration:  felspar  passing  into 
giannlar  kaolin,  angite  changing  into  viridite,  olivine  into  serpentine,  whUe  secondary 
calcite,  quartz,  and  zeolites  run  in  minute  veins  or  fill  up  interstices  of  the  rock 
(p.  114).  Gth,  is  the  rock  a  fragmental  one;  and  if  so,  what  is  tho  nature  of  its  com- 
ponent grains?  (p.  112.)    Is  any  trace  of  organic  remains  to  be  detected?  (p.  112,  f^  seq,) 

§  iv. — Oeneral  Macroscopic  Characters  of  Bocks? 

1.  Structure.^ — The  dififerent  kinds  of  macroscopic  rock-structures 
are  denoted  either  by  ordinary  descriptive  adjectives,  or  by  terms 
derived  from  rocks  in  which  the  special  structures  are  characteristically 
developed,  such  as  granitoid,  brecciated,  shaly.  It  must  be  borne  in 
mind,  however,  that  the  external  character  of  a  rock  does  not  always 
supply  us  with  its  true  internal  structure,  which  must  be  gained  from 
microscopic  examination.  This  is  of  course  more  especially  true  of  the 
close-grained  kinds,  where  to  the  naked  eye  no  definite  structure  is 
discernible.  Some  of  the  definitions  originally  founded  on  macroscopic 
appearance  have  been  considerably  modified  by  microscopic  investiga- 

*  It  is  possible,  however,  that  a  crystal  enclosed  within  another  may  sometimes  have 
crystallizea  there  out  of  a  portion  of  the  surrounding  magma  of  tho  rock  which  has 
lieen  enclosed  within  the  larger  crystal. 

•  The  following  general  text-books  on  rocks  may  be  referred  to ;  Macculloch.  *  A 
Geological  Classification  of  Rocks/  &c.,  London,  1821.  B.  von.  Cotta,  *  Hocks  Classified 
and  Described/  translated  by  Ijawrenoc,  London,  186G.  Zirkel,  *  Lehrbuch  der 
Petrographie/  two  vols.  Bonn,  18GG.  Sen  ft,  *  Classification  der  Felsarten,*  Breslau, 
1857  ;  *  Die  KrystoUinischen  Felsgemengtheile/  Berlin,  18G8.  Kenngott,  *  Elemento 
der  Petrographie,'  Leipz.  1868.  A  von.  Lasaulx,  *  Eleraente  der  Petrographie,*  Bonn. 
1875.  Bischof,  'Chemical  Geology/  translated  for  Cavendish  Society,  1854-59,  and 
Mipplement,  Bonn,  1871.  Roth,  *  Allgemeino  und  Chemische  Geologie/ Berlin,  1879. 
Other  works  in  which  the  microscopical  characters  are  more  specially  treated  of,  are 
ennmeratod  on  p.  100. 

»  In  the  3rd.  edition  of  Jukes'  *  Student's  Manual  of  Geology/  (1871),  p.  93,  it  was 
prQixMed.to  reserve  the  term  "  Structure"  for  large  features,  such  as  characterise  rock-blockn, 
ana  to  nse  tho  term  "texture"  for  the  minuter  charactc'rs,  such  as  can  be  judged  of 
in  hand  specimens.  M.  De  Lapparcnt  makes  a  Rimilar  distinction  (Traite',  p.  554,  note). 
Bat  the  practice  of  using  the  word  structure  as  it  is  employed  above  in  tho  text,  has 
received  aoch  a  support  from  the  potrographers  of  Germanv  that  though  I  still  think 
it  would  be  preferable  to  distinguish  between  texture  and  structure,  I  have  adopted 
what  has  now  the  sanction  of  common  usage. 
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tion.  Many  compact  rooks,  for  instance,  have  been  shown  to  be  wholly 
crystalline. 

According  to  their  macroscopic  characters,  rocks  fall  naturally  into 
two  great  series,  in  one  of  which  the  rocks  are  composed  wholly  or  in 
part  of  crystals,  in  the  other  of  fragments,  so  that  the  two  fundamental 
macro-structures  are  CrystaUine  and  FragmentaL 

Crystalline  (Phanerocrystalline),  consisting  wholly  or 
chiefly  of  crystalline  particles  or  crystals.*  Where  the  individual 
elements  of  the  rooks  are  of  large  size,  the  structure  is  coarse'CryataXline 
(granitic),  as  in  many  granites.  When  the  particles  are  readily  visible 
to  the  naked  eye,  and  are  tolerably  uniform  in  size,  as  in  marble,  many 
granites  and  dolomites,  the  rock  is  said  to  be  granular-crystalline.  Suc- 
cessive stages  in  the  diminution  of  the  size  of  the  particles  may  be 
traced  until  these  are  no  longer  recognisable  with  the  naked  eye,  and  the 
structure  must  then  bo  resolved  with  the  microscope  {fine-crystalline^ 
micrO'CryatalUne,  crypto-crystalline).  Fine-grained  rocks  may  also  be  called 
compact,  though  this  term  is  likewise  applicable  to  the  more  close-grained 
varieties  of  the  fragmental  series.  The  microscopic  characters  of  such 
rocks  should  always  }ye  ascertained  where  possible. 

Many  crystalline  rocks  consist  not  only  of  crystals,  but  of  a  magma 
or  paste,  in  which  the  crystalline  particles  are  seen  by  the  naked  eye  to 
1)6  embedded.  It  is  of  course  impossible,  except  from  analogy,  to  deter- 
mine macroscopically  what  may  be  the  nature  of  this  magma.  It  may 
be  entirely  composed  of  minute  crystals,  or  may  consist  of  various 
crystallitic  products  of  devitrification.  Its  intimate  structure  can  only 
be  ascertained  with  the  microscope.  But  its  existence  is  often  strikingly 
manifest  even  to  the  unassisted  eye,  for  in  what  are  termed  "  porphyries  " 
it  forms  a  large  part  of  their  mass.  The  term  ^*  ground-mass  **  has 
l>een  employed  by  Zirkel  and  others  to  denote  this  macroscopic  matrix. 
Microscopic  examination  shows  that  a  ground-mass  may  consist  of 
minute  crystals,  or  crystallites,  or  granules  and  filaments,  or  glass,  or 
combinations  of  these  in  various  proportions.     (See  p.  110.) 

Granitoid  (Granitic),  thoroughly  crystalline,  and  consisting 
of  crystals  approximately  uniform  in  size,  as  in  granite.  This  structure 
is  chaiucteristic  of  many  eruptive  rocks.  Though  usually  distinctly 
recognisable  by  tlie  naked  eye  ("  macromerite "  of  Vogelsang  ^\  it 
sometimes  l)ecomes  very  fine  ("  micromerite "),  and  may  bo  only 
recognisable  as  thoroughly  crystalline  with  the  microscope;  at  other 
times  it  passes  into  a  porphyritic  or  porphyroid  character  by  the 
appearance  of  large  crystals  dispersed  through  a  general  ground- 
mass. 

Pegmatoid  (Pegmatitic),  usually  more  coarsely  crystalline 
than  granite,  each  of  the  constituents  occurring  in  large  masses  with 
the  characteristic  inter-crystallization  of  pegmatite  (p.  139). 

'  Prof.  BoBcnbuscb  propoees  the  tcnn  hcHocrystalUne  for  rooks  in  which  there  is  no 
amorphous  matcriul  among  the  crystalline  constituents. 
^  *  Z,  Deutseh,  Geol,  Ges.  xxiy.  p.  534. 
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Segregated. — ^la  granite  and  other  crystalline  massive  rocks, 
▼ein-like  portions,  coarser  (or  finer)  in  texture  tiian  the  rest  of  the  mass, 
may  be  observed.  These  **  contemporaneous  veins,"  as  they  have  been 
called,  belong  to  the  last  phase  of  consolidation,  when  segregations  from 
the  original  molten  or  viscous  magma  took  place  along  certain  lines, 
where  iitm  fracture  or  otherwise  the  individual  minerals  could  cr^'stal- 
lixe  out  from  the  general  mass.  They  have  been  sometimes  termed 
*'8egr^ation,"  or  **  exudation  "  veins. 

Porphyritic  (Porphyroid),  com^Kwed  of  a  compactor  finely 
cryBtaUine  ground-mass,  through  which  distinct  larger  crystals,  gener- 
ally of  some  felspar,  are  dispersed.  This  and  the  granitic  structure  are 
ihe  two  great  structure-tyi)es  of  the  eruptive  rocks.  By  far  the  largest 
number  of  these  rocks  belong  to  the  porphyritic  type.  Microscopic 
research  has  thrown  much  light  on  the  nature  of  the  ground-mass  of 
porphyritic  rocks.  Vogelsang  has  proix)sed  to  classify  these  rocks  in 
three  divisions  ^ :  1st,  Oranopkipre^  where  the  ground-mass  is  a  microscopic 
crystalline  mixture  of  the  component  minerals  with  absence  or  si>aring 
development  of  an  imperfectly  individualised  magma  (see  p.  110)  ;  2nd, 
FeUopkifref  having  usually  an  imperfectly  individualised  or  felsitic 
magma  for  the  ground-mass  (pp.  108,  110,  141);  3rd,  Vitroyh^e,  where 
the  ground-mass  is  a  glassy  magma.  The  second  sub-division  embraces 
most  of  the  porphyries,  and  a  very  large  number  of  eruptive  rocks  of  all 


Granular — a  term  applied  to  rocks  composed  of  approximately 
equal  grains,  either  worn  fragments,  as  in  sandstone,  or  crystalUuo 
particles,  as  in  granite,  and  marble.  This  texture  may  become  so  fine 
as  to  pass  insensibly  into  compact.  The  crypto-crystalline  portions 
of  some  igneous  rocks  (diorites),  where  the  component  ingredients 
cannot  be  determined  except  with  the  microscope,  are  sometimes  called 

Vitreous  or  glassy,  having  a  structure  like  that  of  artificial 
glass,  as  in  obsidian.  Among  the  crystalline  rocks  thei*e  is  often  present 
a  variable  amount  of  an  amorphous  ground-mass,  which  may  increase 
until  it  forms  the  main  part  of  the  substance.  The  nature  of  this  aiaur- 
phous  portion  is  described  at  pp.  100,  11 1.  Its  most  obvious  macroscopic 
condition  is  that  of  a  volcanic  glass.  Most  vitreous  rocks  present,  even 
to  the  nakeil  eye,  dispersed  grains,  crystals,  or  other  enclosures.  Under 
the  microscoi>e,  they  are  found  to  be  often  crowded  with  minute  crystals 
and  imperfect  or  incipient  cr^nstalline  forms  (p.  107).  He  si  nous  is 
the  term  applied  to  vitreous  rocks  having  the  lustre  of  pitchstone,  and 

'  Vogekang,  loc.  cU.  Cominre  the  classtficatiou  into  granitoid  aud  trarhytuidf 
po^ta,  p.  137. 

^  Aooording  to  lloseubuiich  the  porphyritic  iiiiuisivo  rockti  are  tliose  in  which, 
(loriug  the  different  stages  of  their  production,  the  same  minerals  have  been  formetl 
more  than  once.    Neues  Jahrb,  1882  (ii.)  p.  14. 

'  Ab  applied  to  massiTe  (eruptive)  rocks,  Itoseubuscli  wouhl  restrict  the  tirni 
{rrannlar  to  those  in  which  each  individual  constituent  separated  out  during  but  ouo 
deflnite  stage  of  the  process  of  rock-building.    Loc.  cit. 
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to  others  which  are  still  less  vitreous.  Devitrification  is  the  conver- 
sion of  the  vitreous  into  a  crystalline  or  lithoid  structure  (pp.  106, 
108, 112). 

Streaked,  arranged  in  streaky  inconstant  lines  (Germ.  Schlieren), 
either  parallel  or  convergent,  and  often  undulating.  This  structure, 
conspicuously  shown  by  the  lines  of  flow  in  vitreous  rocks  (obsidian)  is 
less  marked  in  crystalline  rocks  (diorite,  dolerito,  &c.)  It  can  be 
seen  on  a  minute  scale,  however,  in  many  crystalline  masses  when 
examined  with  the  microscope.     (See  Fluxion-Structure,  p.  111.) 

Banded,  arranged  in  parallel  bands,  distinguished  from  each  other 
by  colour,  texture,  or  other  slight  difference;  characteristic  of  many 
jaspers,  flints,  halleflintas  and  other  flinty  rocks. 

Spherulitic,  composed  of,  or  containing  small  globules  or 
spherules  which  may  be  colloid  and  isotropic,  or  more  or  less  distinctly 
crystalline,  particularly  with  an  internal  fibrous  divergent  structure. 
This  structure  occurs  in  vitreous  rocks,  where  it  is  one  of  the  stages  of 
devitrification  in  obsidian,  pitchstone,  &c.^     (See  p.  146.) 

Perlitic,  having  the  structure  of  the  rock  termed  perlite,  which  is 
distinguished  by  being  traversed  by  minute  rectilinear  fissures,  between 
which  the  substance  of  the  mass  has  assumed  a  finely  globular  character, 
not  unlike  the  spheroidal  structure  seen  in  weathered  basalt  (Fig.  22). 

Horny,  flinty,  having  a  compact,  homogeneous,  dull  texture,  like 
that  of  horn  or  flint,  as  in  chalcedony,  jasper,  flint,  and  many  halleflintas 
and  felsites. 

Cavernous  (porous),  containing  irregular  cavities  due,  in  most 
cases,  to  the  abstraction  of  some  of  the  minerals ;  but  occasionally,  as  in 
some  limestones  (sinters),  dolomites  and  lavas,  forming  part  of  the 
original  structure  of  the  rock. 

Cellular . — Many  lavas,  ancient  and  modem,  have  been  saturated 
with  steam  at  the  time  of  their  eruption,  and  in  consequence  of  the 
segregation  and  expansion  of  this  imprisoned  vapour,  have  had  spherical 
cavities  developed  in  their  mass.  When  this  cellular  structure  is 
marked  l)y  comparatively  few  and  small  holes,  it  may  be  called 
vesicular;  whore  the  rock  consists  i)artly  of  a  roughly  cellular,  and 
partly  of  a  more  compact  substance  intermingled,  as  in  the  slag  of  an 
iron  furnace,  it  is  said  tobeslaggy;  portions  where  the  cells  occupy 
about  as  much  space  as  the  solid  part,  and  vary  much  in  size  and  shape, 
are  called  8  c  o  r  i  a  c  e  o  u  s,  this  being  the  character  of  the  rough  clinker- 
like  scorioo  of  recent  lava-streams ;  when  the  cells  are  so  much  more 
numerous  than  the  solid  part,  that  the  stone  would  almost  or  quite  float 
on  water,  the  structure  is  called  p  u  m  i  c  e  o  u  s,  the  term  pumice  being 
api)licd  to  the  froth-like  part  of  obsidian.  As  the  cellular  structure 
can   only   bo   develoiied    while   the   rock   is    still    liquid,   or    at   least 

*  Quartz  ussumos  iu  soino  rocks  (e.g.  baudcd  eiirites)  a  finely  globular  Btructnre 
wliich  ^ylva  developed  before  the  coesation  of  the  motion  that  produced  fluxion-structure, 
and  winch,  according  to  M.  Michel  Levy,  may  be  regarded  as  connecting  the  ooHoid 
and  crystallized  conditions  of  silica.     Bull  Soc.  Gtol.  France.  (3)  v.  p.  140. 
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Tucid,  and  as,  i¥hile  in  this  condition,  the  mass  is  often  still  moving 
away  from  its  point  of  emission,  the  cells  are  not  infreciuently  elongated 
in  the  direction  of  movement.  Subsequently,  water  infiltrating  through 
the  rook,  deposits  various  mineral  substances  (calcite,  quartz,  clialcodon}-, 
zeolites,  &o.)  from  solution,  so  that  the  flattened  and  elongated  almond- 
shaped  cells  are  eventually  filled  up.  A  cellular  rock  which  has  under- 
gone this  change  is  said  tobean  amygdaloid,  or  amygdaloidal, 
and  the  almond-like  kernels  are  known  as  a  m  y  g  d  u  1  e  s. 

Foliated,  consisting  of  minerals  that  have  crystallized  in  approxi- 
mately parallel,  lenticular,  and  usually  wavy  layers  or  folia.  Hocks  of 
this  kind  commonly  contain  layers  of  mica,  or  of  some  equivalent 
readily  cleavable  mineral,  the  cleavage-planes  of  which  coincide 
generally  with  the  planes  of  foliation.  Gneiss,  mica-schist  and  talc- 
schist  are  characteristic  examples.  So  distinctive,  indeed,  is  this 
structure  in  schists,  that  it  is  often  spoken  ofasschistose.  In  gneiss, 
it  attains  its  most  massive  form ;  in  chlorite-schist  and  some  other 
schists,  it  becomes  so  fine  as  to  pass  into  a  kind  of  minutely  scaly 
texture,  often  only  perceptible  with  the  microscope,  the  rock  having  on 
the  whole  a  massive  structure. 

Fibrous,  consisting  of  one  or  more  minerals  composed  of  distinct 
fibres.  Sometimes  the  fibres  are  remarkably  regular  and  parallel,  as  in 
fibrous  gypsum,  and  veins  of  chrysotile,  fibrous  aragonite  or  calcito 
(satin-spar) ;  in  other  instances,  they  are  more  tufted  and  irregular,  as 
ill  asbestos  and  actinolite-schist. 

Massive,  unstratifiod,  having  no  arrangement  in  definite 
layers  or  strata.  Lava,  granite,  and  generally  all  crystalline  rocks 
which  have  been  erupted  to  the  surface,  or  have  solidified  below  from 
a  state  of  fusion  (or  viscosity),  are  massive  rocks. 

Stratified,  bedded,  composed  of  layers  or  beds  lying  parallel 
to  each  other,  as  in  shale,  sandstone,  limestone,  and  other  rocks  which 
have  been  deposited  in  water.  Successive  streams  of  lava,  poured  one 
njxm  another,  have  also  a  bedded  arrangement.  Laminated,  consisting 
of  fine,  leaf- like  strata  or  laminas  ;  this  structure  })eing  characteristically 
exhibited  in  shales,  is  sometimes  also  called  s  h  a  1  y. 

Clastic,  fragmental,  composed  of  detritus.  Hocks  possessing 
this  character  have,  in  the  great  majority  of  cases,  been  formed  in  water, 
and  their  component  fragments  are  usually  more  or  less  rounded  or 
water-worn.  Different  names  are  applied,  accoi'ding  to  the  form  or  size 
of  the  fragments.  Brecciated,  composed,  like  a  breccia,  of  angular 
fragments,  which  may  be  of  any  degree  of  coarseness.  Agglomerated, 
consisting  of  large,  roughly  roinided  and  tumultuously  grouped  blocks,  as 
in  the  agglomerate  filling  old  volcanic  funnels.  Conglomerated 
(Conglomeratic),  made  up  of  well-rounded  blocks  or  pebbles  ;  rocks 
having  this  character  have  been  formed  by  and  deposited  in  water. 
Pebbly,  containing  dispersed  water- worn  pebbles,  as  in  many  coarse 
bundstones,  which  thus  by  degrees  pass  into  con  glomerates.  P  s  a  m  m  i  t  i  c, 
or  sandstone-like,  composed  of  rounded  grains,  as  in  ordinary  sandstone  : 
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when  the  graius  are  larger  (often  sharp  and  somewhat  angular)  the 
rock  is  gritty,  or  a  grit.  Muddy  (politic),  having  a  textui^e 
like  that  of  dried  mud.  Cryptoclastic  or  compact,  where 
the  grains  are  too  minute  to  reveal  to  the  naked  eye  the  truly  fragmental 
character  of  the  rock,  as  in  fine  mudstones  and  other  argillaceous  deposits. 

Concretionary,  containing,  or  consisting  of  mineral  matter,  which 
liHH  been  collected,  either  from  the  surrounding  rock  or  from  without, 
round  some  centre,  so  as  to  form  a  nodule  or  irregularly  shaped  lump. 
This  aggregation  of  material  is  of  frequent  occurrence  among  water- 
formed  rocks,  where  it  may  he  often  observed  to  have  taken  place  round 
some  organic  centre,  such  as  a  leaf,  cone,  shell,  fish-bone,  or  other 
relic  of  plant  or  animal.  (Book  IV.  Part  I.)  Among  the  most 
frequent  minerals  found  in  concretionary  forms  as  constituents  of  rocks, 
are  calcite,  siderite,  pyrite,  marcasite,  and  various  forms  of  silica.  In  a 
true  concretion,  the  material  at  the  centre  has  been  deposited  first, 
and  has  increased  by  additions  from  without,  either  during  the  formation 
of  the  enclosing  rock,  or  by  subsequent  concentration  and  aggregation. 
Where,  on  the  other  hand,  cavities  and  fissures  have  been  filled  up  by 
the  deposition  of  materials  on  their  walls,  and  gradual  growth  inward, 
the  result  is  known  asa  secretion.  Amygdules  and  the  successive 
coatings  of  mineral  veins  are  examples  of  the  latter  process. 

Oolitic,  formed  of  spherical  grains,  each  of  which  has  an  intei*nal 
radiating  and  concentric  structure,  and  often  possesses  a  central  nucleus 
of  some  foreign  body.  This  structure  is  specially  found  among 
limestones,  (see  p.  119).  When  the  grains  are  as  large  as  x>eus,  the 
structure  is  termed  pisolitic. 

2.  Composition* — Before  having  recourse  to  chemical  or  micro- 
scopic analysis,  the  geologist  cajji  often  pronounce  as  to  the  general 
chemical  or  mineralogical  nature  of  a  rock.  Most  of  the  terms  which  ho 
employs  to  express  his  opinion  are  derived  from  the  names  of  minerals, 
and  in  almost  all  cases  are  self-explanatory.  The  following  cxamjde^ 
may  suflSce.  Calcareous,  consisting  of  or  containing  carbonate 
of  lime.  Argillaceous,  consisting  of  or  containing  clay. 
F  cl s p  a t  h i  c,  having  some  form  of  felspar  as  a  main  constituent. 
►Siliceous,  formed  of  or  containing  silica ;  usually  applied  to  the 
chalcedonic  forms  of  this  cementing  oxide.  Quartzose,  containing 
or  consisting  entirely  of  some  form  of  quartz ;  used  more  particularly 
of  the  ciystalliue  forms  of  silica.  C  a  r  b  o  n  a  c  e  o  n  s,  containing  coaly 
]iiatter,  and  lieuco  usually  iissociated  with  a  dark  colour.  Py  r  i  t  o  u s, 
containing  diffused  disulphido  of  iron.  Gypseous,  containing 
layers,  ucxlulcs,  strings  or  crystals  of  calciuni-suli)hate.  Saliferous, 
containing  beds  of,  or  impregnated  with  rock  salt.  Micaceous,  full 
of  layers  of  mica-flakes. 

As  rocks  aru  not  definite  chemical  compounds,  but  mixtures  of 
different  minerals  in  varying  proportions,  they  exhibit  many  inter- 
mediate varieties.  Transitions  of  this  kind  are  denoted  by  such 
phrases  as  "  granitic  gneiss,"  that  is,  a  gneiss  in  which  the  normal 
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foliated  structure  is  nearly  merged  into  the  massive  structure  of 
granite ;  "  argillaceous  limestone  " — a  rock  in  which  the  limestone 
is  mixed  with  clay;  "calcareous  shale" — a  fissile  rock,  consisting 
of  clay  with  a  proportion  of  lime.  It  is  evident  that  such  rocks 
may  graduate  so  insensibly  into  each  other,  that  no  sharp  line  can  bo 
drawn  between  them  either  in  the  field  or  in  their  terminology. 

3.  State  of  Aggregation. — The  hardness  or  softness  of  a  rock, 

in   other  words,   its  induration,   friability,  or  degree   of  aggregation 

of    its   particles,    may  be   either    original   or   acquired.     Some  rocks 

^sinters,  for  example)  are  soft  at  first  and  harden  by  degrees ;    the 

^neral  effect  of  exposure,  however,  is  to  loosen  the  cohesion  of  tlio 

particles  of  rocks.    A  rock  which  can  easily   be  scratched   with   the 

sail  is  almost  always  much  decomposed,  though  some  chloritic  and 

talcose  schists  are  soft  enough   to   be  thus  affected.     Compact  rockb 

-which  can  easily  be  scratched   with   the  knife,   and   are  apparently 

xiot  decomposed,  may  be  fine-grained  limestones,  dolomites,  ironstones, 

miudstones,  or  some  other  simple  rocks.     Crystalline  rocks,  as  a  rule, 

cannot  be  scratched  w^ith  the  knife  unless  considerable  force  be  used. 

"They  are  chiefly  composed  of  hard  silicates,  so  that  when  an  instance 

occurs  where  a  fresh  specimen  can  l>e  easily  scratched,  it  will  often 

l>e  found  to  be  a  limestone  (see  p.  80).     The  ease  with  which  a  rock 

may  Ijo  broken  is  the  measure  of  its  frangibility.     Most  rocks  break 

nioBt  easily  in  one   direction ;  attention  to  this  point  will  sometimes 

throw  light  ui)on  their  internal  structure. 

Fracture  is  the  surface  produced  when  a  rock  is  split  or  broken, 
and  depends  for  its  character  upon  the  texture  of  the  mass.  Finely 
granular,  compact  rocks  are  apt  to  break  with  a  splintery  fracture 
where  wedge-shaped  plates  adhere  by  their  thicker  ends  to,  and  lie 
parallel,  with  the  general  surface.  When  the  rock  breaks  off  into 
concave  and  c(mvex  rounded  shell-like  surfaces,  the  fracture  is  said  to 
W  0  0  n  (•  li  o  i  d  a  1 ,  as  may  l)e  seen  in  obsidian  and  other  vitreous  rocks, 
ami  in  exceedingly  com2)act  limestones.  The  fracture  may  also  ho 
t ol  i  a  t  e  d  ,  s  1  a  t  y  ,  or  r  h  a  1  y ,  according  to  the  structure  of  the  rock. 
Many  opaque,  compact  rocks  are  translucent  on  the  thin  edges  of  fracture, 
and  affi>rd  there,  with  the  aid  of  a  lens,  a  gliin[se  of  their  internal 
c»mj)08ition.  A  rock  is  f^aid  to  be  flinty,  when  it  is  hard,  closc- 
IjTained,  and  breaks  with  a  smooth  or  conchoidal  fracture  like  flint ; 
f ria b  1  e  ,  when  it  crumbles  down  like  dried  clay  or  chalk ;  plastic, 
when,  like  moist  clay,  it  can  be  worked  into  shapes  ;  pulverulent, 
when  it  falls  readily  to  ]>owder;  earthy,  when  it  is  decomposed  into 
loaiii  or  earth  ;  incoherent  or  loose,  when  its  particles  are  quite 
•separate,  as  in  dry  blown  sand. 

4.  Colour  and  Lustre. — These  characters  vary  so  much,  even 
ill  the  same  nw^k,  according  to  the  freshness  of  the  surface  examined, 
^lut  they  possess  but  a  subordinate  value.  Nevertheless,  when 
cautiously  used,  colour  may  bo  made  to  afford  valuable  indications  as 
tjthe  probable  nature  an<l  composition  of  rocks.     It  is,  in  this  respect, 
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always  desirable  to  compare  a  freshly-broken  with  a  weathered  piece  of 
the  rock.* 

WTiite  indicates  usually  the  absence  or  comparatively  small  amount 
of  the  heavy  metallic  oxides,  especially  iron.  It  may  either  be  the 
original  colour,  as  in  chalk  and  calc-sinter,  or  may  be  developed  by 
weathering,  as  in  the  white  crust  on  flints  and  on  many  porphyries. 
Grey  is  a  frequent  colour  of  rocks  which,  if  quite  pure,  would  be  white, 
but  which  acquire  a  greyish  tint  by  admixture  of  dark  silicates,  organic 
matter,  diffused  pyrites,  &c.  Blue,  or  hluhh-grey  is  a  character  istictint 
of  rocks  through  which  iron-disulphide  is  diffused  in  extremely  minute 
subdivision.  But  as  a  rule  it  rapidly  disappears  from  such  rocks  on 
exposure,  especially  where  they  contain  organic  matter  also.  The  stiff 
blue  clay  of  the  sea-bottom  which  is  coloured  by  iron-disulphide  becomes 
reddish-brown  when  dried,  and  then  shows  no  trace  of  sulphide.* 
Bl€u:k  may  be  due  either  to  the  presence  of  carbon  (when  weathering 
will  not  change  it  much),  or  to  some  iron-oxide  (magnetite  chiefly), 
or  some  silicate  rich  in  iron  (as  hornblende  and  augite).  Many  rocks 
(basalts  and  melaphyres  particularly)  which  look  quite  black  on  a  fresh 
surface,  become  red,  brown  or  yellow  on  exposure,  black  being  com- 
paratively seldom  a  weathered  colour.  Yellow,  as  a  dull  earthy 
colouring  matter,  almost  always  indicates  the  presence  of  hydrated 
peroxide  of  iron.  In  modem  volcanic  districts  it  may  be  due  to 
iron-chloride,  sulphur,  &c.  Bright,  metallic,  gold-like  yellow  is  usually 
that  of  iron-disulphide.  Brmenyin  the  normal  colour  of  some  carbon- 
aceous recks  (lignite),  and  ferruginous  beds  (bog-iron-ore,  clay-ironstono, 
&c.).  It  very  generally,  on  weathered  surfaces,  points  to  the  oxidation 
and  hydration  of  minerals  containing  iron.  Bed,  in  the  vast  majority  of 
cases,  is  duo  to  the  presence  of  granular  anhydrous  peroxide  of  iron. 
This  mineral  gives  dark  blood -red  to  pale  flesh-red  tints.  As  it  is  liable, 
however,  to  hydration,  these  hues  are  often  mixed  with  the  brown  and 
yellow  colours  of  limonite.  Green,  as  the  prevailing  tint  of  rocks, 
occurs  amongst  schists,  when  its  presence  is  usually  due  to  some  of  the 
hydrous  magnesian  silicates  (chlorite,  talc,  serjTentine).  It  appears  also 
among  massive  rocks,  especially  those  of  older  geological  formations, 
where  hornblende,  olivine,  or  other  silicates  have  been  altered.  Among 
the  sedimentary  rocks,  it  is  principally  due  to  ferrous  silicate  (as  in 
glauconite).  Carbonate  of  copper  colours  some  rocks  emerald-  or  verdi- 
gris-green. The  mottled  character  so  common  among  many  stratified 
rocks  is  frequently  traceable  to  unequal  weathering,  some  portions  of 
the  iron  l>eing  more  oxidized  than  others;  while  some,  on  the  other 
hand,  become  deoxidized  from  the  reducing  action  of  decaying  organic 
matter,  as  in  the  circular  green  spots  so  often  found  among  red  strata. 

Lustre,  as  an  external  character  of  rocks,  doe«  not  possess  the 
value   which   it   has  among   minerals.     In   most   rocks,   the   granular 

*  AltorcitionB  of  the  oolourfl  of  rainoralH  and  rocks  are  effected  by  boat  and  even  by 
Bunlight      Sec  Jauottaz,  BuU.  Sor.  Geol.  xxix.  (1872)  p.  300. 
«  J.  V.  Hnclianan,  Bnt.  Amoc.  1881,  p.  584. 
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texture  prevents  the  appearance  of  any  distinct  lustre.  A  completely 
vitreous  lustre  without  a  granular  texture,  is  characteristic  of  volcanic 
glass.  A  splendent  semi-metallic  lustre  may  often  be  observed  upon 
the  foliation  planes  of  schistose  rocks  and  upon  the  lamina)  of  micaceous 
sandstones.  As  this  silvery  lustre  i^  almost  invariably  due  to  the 
presence  of  mica,'  it  is  commonly  called  distinctively  micaceous,  A 
metallic  lustre  is  met  with  sometimes  in  beds  of  anthracite;  more 
usually  its  occurrence  among  rocks  indicates  the  presence  of  metallic 
oxides  or  sulphides. 

5.  Feel  and  Smell. — These  minor  characters  are  occasionally 
useful.  By  the  feel  of  a  mineral  or  rock  is  meant  the  sensation 
experienced  when  the  fingers  are  passed  across  its  surface.  Thus  the 
hydrous  magnesian  silicates  have  a  marked  soapy  or  greasy  feel.  Some 
hydrous  mica-schists  containing  margarodito  or  an  allied  mica,  likewise 
exhibit  the  same  character.  Some  rocks  adhere  to  the  tongue,  a  quality 
indicative  of  their  tendency  to  absorb  water. 

Smell. — Many  rocks,  when  freshly  broken,  emit  distinctive  odours. 
Those  containing  volatile  hydrocarbons  give  sometimes  an  appreciable 
hituminous  odour,  as  is  the  case  with  some  of  the  eruptive  rocks,  which  in 
central  Scotland  have  been  intruded  through  coal-seams  and  carbon- 
aceous shales.  Limestones  have  often  a  fetid  odour;  rocks  full  of 
decomposing  sulphides  are  apt  to  give  a  snlphnroiis  odour ;  those  which 
are  highly  siliceous  yield,  on  being  struck,  an  empyreumatic  odour.  It 
is  characteristic  of  argillaceous  rocks  to  emit  a  strong  earthy  smell  when 
breathed,  upon. 

6.  Specific  Gravity. — This  is  an  imix)rtant  character  among  rocks 
as  well  as  among  minerals.  It  varies  from  0*6  among  the  hydrocarbon 
com]x>unds  to  3-1  among  the  basalts.  As  already  stated,  the  average 
siMjcific  gravity  of  the  rocks  of  the  earth's  crust  may  bo  taken  to  l)e 
about  2-5,  or  from  that  to  3-0.  Instruments  for  taking  the  Ri)ecific 
gnivity  of  rocks  have  l)een  already  (p.  82)  referred  to. 

7.  Magnetism  is  so  strongly  exhibited  by  some  crystalline  rocks 
as  powerfully  to  affect  the  magnetic  needle,  and  to  vitiate  observations 
with  this  instrument.  It  is  due  to  the  presence  of  magnetic  iron,  the 
existence  of  which  may  be  shown  by  pulverising  the  rock  in  an  agate 
mortar,  washing  carefully  the  triturated  powder,  and  drying  the  heavy 
residue,  from  which  grains  of  magnetite  or  of  titaniferous  magnetic 
iron  may  l>e  extracted  with  a  magnet.  This  may  be  done  with  any 
basalt  (p.  82).  A  freely  swinging  magnetic  needle  is  of  service,  as  by  its 
attraction  or  repulsion,  it  affords  a  delicate  test  for  the  presence  of  even 
a  small  quantity  of  magnetic  iron. 

§  V. — Microscopic  Characters  of  Rochs. 

No  department  of  Geology  has  been  more  advanced  in  recent  years 
than  Lithology,  and  this  has  been  mainly  due  to  the  introduction  of  the 
microscope  as  an  instrument  for  investigating  niinutc  internal  structure. 
As  far  back  as  the  year  1827,  a  method  of  making  thin  transparont 

n  2 
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Hections  of  fossil  wood,  and  mouiitiug  them  on  glass  with  Canada 
balsam,  had  been  devised  by  William  Nicol  of  Edinburgh,  and  was 
employed  by  Henry  Witham  in  his  *  History  of  Fossil  Vegetables.'  ^ 

It  was  not,  however,  until  1856  that  ]\Ir.  II.  C.  Sorby,  applying  this 
method  to  the  investigation  of  minerals  and  rocks,  showed  how  many  and 
important  were  ihe  geological  questions  on  which  it  was  calculated  to 
shod  light.^  Koference  will  be  made  in  suljsequent  pages  to  the  remark- 
aide  results  then  announced  by  him.  To  the  publication  of  his  memoir 
the  Hul)se<|uent  rapid  develoj>ment  of  the  microscopic  study  of  rocks 
may  be  distinctly  traced.  The  microscopic  method  of  analysis  is 
now  in  use  in  every  country  where  attention  is  paid  to  the  history  of 
rocks.^ 

In  §  iii.  p.  85  information  has  been  given  regarding  the  preparation  of 
sections  of  rocks  for  microscopical  examination,  the  methods  of  procedure 
in  the  practice  of  this  part  of  geological  research,  and  some  of  the  terms 
employed  in  the  following  pages. 

1.  Mioroscopic  Elements  of  Rocks. 

liocks  when  examined  in  thin  sections  with  the  microscope  are  found 
to  Ije  composed  of  or  to  contain  various  elements,  of  which  the  more 
im2)ortant  are,  1st,  crystals,  or  crystalline  substances;  2nd,  glass ;  3rd, 
crystallites ;  4th,  detritus. 

A.  Crystals  or  Crystalline  Substances. — Rock-foiining  minerals, 
when  not  amorphous,  may  be  either  crystallized  in  their  proper  crystal- 
lographic  forms,  or  while  possessing  a  crj'stalline  internal  structure, 
may  present  no  definite  external  geometrical  form.  The  latter  condition 
is  more  prevalent,  seeing  tliat  minerals  have  usually  been  developed 
round  and  against  each  other,  thus  mutually  hindering  the  assumption 
of  determinate  crystallographic  contours.  Other  causes  of  imperfection 
are  fracture  by  movement  in  the  original  magma  of  the  rock,  and 
partial  solution  in  that  magma  (fig.  7),  as  in  the  corroded  quartz  of 

*  Small  4to,  Edinburgh,  1831.  Thid  work,  tliough  dedicated  to  Nicol,  does  not 
dlHtinctly  recognise  him  iis  the  actiiul  inventor  of  the  process  "of  slicing  mineral 
HubstanocB  for  microscopic  iuTcstigution.  All  that  was  original  in  WiUiam's  researches 
he  owed  either  dirt^ctly  or  indirectly  to  Nicol. 

^  Brit,  Assoc.  185G,  Sect.  p.  78.  Quart,  Journ,  Geol.  Soc.  xiv.  1858.  Micr.  Jouru. 
xvii.  (1877)  p.  113. 

*  Among  the  best  text-books  on  this  subject  the  followuig  may  be  mentioned  :— 

*  Mikroskopische  Beschaffenheit  der  MineraUen  und  Gesleine,*  F.  Zirkel,  1  voL  1873. 

*  Mikroskopische  Physiographio  der  MineraUen  und  Gesteine/  II.  Rosenbusch,  2  vols. 
1873-7.  'Elemente  der  Petrographie,'  A.  von  Lasaulx,  1875.  'Mineralogie  micro- 
grapliique :  roches  eruptives  francalses,*  Fouqn<5  and  Michel-Levy,  2  vols.  4to.  Paris,  1879. 

*  Microscopicid  Petrography,'  Zirkel,  being  vol.  vi.  of  the  Geol  Explor,  of  iQth  ParaUely 
Washington,  1876.  The  volumes  for  the  last  ten  or  fifteen  yeurs  of  the  Qtiarterlif 
Journal  of  file  Geological  Society,  Geological  Magazine,  Neues  Jahrhuch  fiir  Minentiogie, 
<tc.,  Zeitschrift  der  JJeutscJten  GeologischeH  Gemlechaft,  Bullttin  de  la  SocieU  ghAogique 
de.  France,  Jahrhuch  der  K.  K.  Gfologvfchen  Reichgankalt  (F/e«««),  contain  numerous 
papers  on  the  microscopic  structure  of  rocks.  Kutley's  *  Study  of  Rocks,'  London,  1879, 
18  a  convenient  little  book.  The  manual  of  Rosenbusch  and  the  work  of  Fouque'  and 
Michel-Levy,  contain  a  tolerably  ample  bibliography  of  the  subject,  to  which  the 
student  is  referred.  The  titles  of  some  of  the  more  important  memoirs  which  have 
recently  appeared  will  be  given  in  footnotes. 
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quartz-porphyries  and  rhyolites.  In  some  rocks,  such  as  granite,  the 
thoroughly  crystalline  character  of  the  component  ingredients  is  well 
marked,  yet  they  less  frequently  present  the  definite  isolated  crystals  so 
often  to  be  observed  in  poqihyries  and  in  many  old  and  modem  volcanic 
rocks.  Among  thoroughly  crystalline  rocks,  good  crj^stals  of  the  com- 
]K)nent  minerals  may  be  obtained  from  fissures  and  cavities  in  which 
there  has  been  room  for  their  formation.  It  is  in  the  "  dnisy  "  cavities 
of  granite,  for  example,  that  the  wellnlefined  prisms  of  felspar,  quartz, 
mica,  topaz,  beryl  and  other  minerals  are  found.  Successive  stages  in 
order  of  appearance  or  development  can  readily  bo  observed  among  the 
crystals  of  rocks.  Some  ap][)ear  as  large,  but  frequently  broken,  or 
corroded  forms.  These  have  evidently  l;)een  formed  first.  Others  are 
smaller  but  abundant,  usually  unbroken,  and  often  disposed  in  lines. 
Others  have  been  developed  by  subsequent  alteration  within  the 
rock.^ 

A  study  of  the  internal  stnicture  of  crystals  throws  light  not  merely 
on  their  own  genesis,  but  on  that  of  the  rocks  of  which  they  consist,  and 
is  therefore  well  worthy  of  the  attention  of  the  geologist.  That  many 
apparently  simple  crystals  are  in  reality  compound,  may  not  in- 
frwjuently  l)e  detected  by  the  different  condition  of  weathering  in  the 
two  opposite  parts  of  a  twin  on  an  exposed  face  of  rock.  The  internal 
stnicture  of  a  crystal  modifies  the  action  of  solvents  on  its  exterior  (^e.g. 
weathered  surfaces  of  calcite,  aragonite  and  felspars).  Crystals  may 
occasionally  be  observed  built  up  of  rudimentary  "  microliths,"  as  if  these 
were  the  simplest  forms  in  which  the  molecules  of  a  mineral  begin 
to  appear  (p.  107). 

Crystalline  minerals  are  seldom  free  from  extraneous  inclusions. 
The.<»e  are  occasionally  large  enough  t<»  bo  readily  seen  by  the  naked  eye. 
I*iit  the  microscope  reveals  them  in  many  minerals  in  almost  incredible 
quantity.  They  are,  a,  gas  cavities ;  ^,  vesicles  containing  liquid ;  y, 
glnbules  of  glass  or  of  some  lithoid  substance;  8,  crystals;  c,  filaments, 
or  other  indefinitely-shaped  pieces,  patches,  or  streaks  of  mineral 
matter. 

a.    Gas-filled    cavities — are     most    frequently    globular    or 

elliptical,  and  appear  to  l>e  due  to  the  presence  of  gas   or   steam   in 

the  cr}'8tal  at  the   time  of  consolidation.      Zirkel  osti mates   them  at 

Hr/»/M'j<»,o<)0  in  a  cubic  millimetre  of  the  liauyuo  from  Melfi.'-     In  some 

iuBlanoos  the  Ciivity  has  a  geometric  form  belonging  to  the  crystiiUinc 

Byntein  of  the  enclosing  mineral.     Such  a  sjmce  defined   bj'^  ciystallo- 

gtaphic  contours  in  a  negative  crystal,     A  cavity  filled  with  gas  contains 

^0  W)ble,  and  its  margin  is  marked  by  a  broad  dark  band.     The  usual 

^to  18  nitrogen,  with  traces  of  oxygen  and  carbon  dioxide  ;  sometimes 

^t  is  entirely  carlx)n -dioxide  or  hydrogen  and  hydrocarbons. 

p.  V  e  B  i  0 1  e  s  containing  1  i  (j[  n  i  d  (and  gas). — As  far  back   as 
1         th(3  year  1823,  Brewster  studied  the  nature  of   certain  fluid-bearing 

*  Fouqu^and  Micliel-Levy,  'Min.  Mioro^aph.'  p.  IHl. 
«  *  Mik.  Beschafl?  p.  HH 
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cavities  in  diflferent  minerals.^  The  first  observer  who  showed  their 
important  bearing  on  geological  researches  into  the  origin  of  crystalline 
rocks  was  Mr.  Sorby,  in  whose  paper,  already  cited,  they  occupy  a 
prominent  place.  Vesicles  entirely  fille*!  with  liquid  are  distinguished 
by  their  sharply-defined  and  narrow  black  borders.  Vesicular  spaces 
containing  fluid  may  be  noticed  in  many  artificial  crystals  formed  from 
aqueous  solutions  (crystals  of  common  salt  show  them  well)  and  in  many 
minerals  of  crystalline  rocks.  They  are  exceedingly  various  in  form, 
being  branching,  curved,  oval,  or  spherical,  and  sometimes  assuming  as 
negative  crystals  a  geometric  form,  like  tliat  characteristic  of  the 
mineral  in  which  they  occur,  as  cubic  in  rock  salt  and  hexagonal  in 
(quartz.  They  also  vary  greatly  in  size.  Occasionally  in  quartz, 
sapphire  and  other  minerals,  large  cavities  are  readily  observable  with 
the  naked  eye.  But  they  may  be  traced  with  high  magnifj4ng  powers 
down  to  less  than  jijJoiy  ^^  *^  ^^^^  ^^  diameter.  Their  proportion  in 
any  one  crystal  ranges  within  such  wide  limits,  that  whereas  in  some 


I 


Fig.  6.— CaviiicH  in  CrvHtald,  highly  magnifiod ;  a,  Liquid  Iiiclusloiu) ;  b,  Glam  InclnsioiiA ;  c.  Cavities 
showing  the  devitriflc&tion  of  the  origioal  gloM  by  the  appearance  of  crystals,  &c.,  until  in  the  lowest 
ligure  a  stony  ur  lithoid  product  is  formed. 

crystals  of  quartz  few  may  be  observed,  in  others  they  are  so  minute 
and  abundant  that  many  millions  must  be  contained  in  a  cubic  inch. 
The  fluid  present  is  usually  water,  frequently  with  saline  solutions, 
particularly  chloride  of  sodium  or  of  potash,  or  sulphates  of  2H)tash, 
soda,  or  lime.  Carbon-dioxide  may  be  present  in  the  water ;  sometimes 
the  cavities  are  partially  occupied  with  it  in  liquid  form,  and  the  two 
fluids,  as  originally  observed  by  Brewster,  may  be  seen  in  the  same 
cavity  unmingled,  the  carbon-dioxide  remaining  as  a  freely  moving 
globule  within  the  carbonated  water.  Cubic  crystals  of  chloride  of 
Boilium  may  be  occasionally  observed  in  the  fluid,  which  must  in  such 
cases  be  a  saturated  solution  of  this  salt  (Fig.  C,  lowest  figure  in 
( -olumn  A).  Usually  each  cavity  contains  a  small  globule  or  bubble, 
sometimes  stationary,  sometimes  movable  from  one  side  or  end  of  the 

*  Edin.  Fhil,  Journ.  ix.  p.  94.  Tratis.  hoy.  Soc,  Edin.  x.  p.  1.  See  also  W.  KicoJ, 
Edin.  New  PhiL  Journ.  (1828)  v.  p.  94;  Do  la  Vallee  Pousdin  and  Beiiard,  Aead. 
Hoy.  Belg.  187tJ.  p.  41 ;  Hartley,  Journ.  Chem.  Soc.  ser.  2,  xiv.  137 ;  Bcr.  3,  ii.  p.  241 ; 
Microscop,  Journ,  xv.  p.  170 ;  Brit,  Awoc,  1877,  Sect.  p.  232. 
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cavity  to  the  other,  as  the  specimen  is  turned.  With  a  high  magnifying 
power,  the  minuter  bubbles  may  be  observed  to  be  in  motion,  sometimes 
slowly  pulsating  from  side  to  side,  or  rapidly  vibrating  like  a  living 
organism.  The  cause  of  this  trepidation,  which  resembles  the  so-called 
**  Brownian  movements,"  has  been  plausibly  explained  by  the  incessant 
interchange  of  the  molecules  from  the  liquid  to  the  vaporous  condition 
along  the  surface  where  vapours  and  liquid  meet — an  interchange  which, 
though  not  visible  on  the  large  bubbles,  makes  itself  apparent  in  the 
minute  examples,  of  which  the  dimensions  are  comparable  to  those  of 
the  intermoleoular  spaces.^  The  bubble  may  be  made  to  disappear  by 
the  application  of  heat. 

With  regard  to  the  origin  of  the  bubble,  Sorby  pointed  out  that  it  can 
be  imitated  in  artificial  crystals,  in  which  he  explained  its  existence  by 
diminution  of  volume  of  the  liquid  owing  to  a  lowering  of  temperature 
after  its  enclosure.  By  a  scries  of  experiments  he  ascertained  the  rate  of 
expansion  of  water  and  saline  solutions  up  to  a  temperature  of  200^  0. 
(392^  Fahr.),  and  calculated  from  them  the  temperature  at  which  the  liquid 
in  crystals  would  entirely  fill  its  enclosing  cavities.  Thus,  in  the  nepheline 
of  the  ejected  blocks  of  Monte  Somma,  he  found  that  the  relative  size  of 
the  vacuities  was  about  *28  of  the  fluid,  and  assuming  the  pressure  under 
which  the  crystals  were  formed  to  have  been  not  much  greater  than 
sufficient  to  counteract  the  elastic  force  of  the  vapour,  he  concluded  that 
the  nepheline  may  have  been  formed  at  a  temperature  of  about  340°  C. 
(644°  Fahr.),  or  a  very  dull  red  heat,  only  just  visible  in  the  dark.  He 
estimated  also  from  the  fluid  cavities  in  the  quartz  of  granite  that  this 
rock  has  probably  consolidated  at  somewhat  similar  temi)eratures,  under 
a  pressure  sometimes  equal  to  that  of  7G,000  feet  of  rock.^  Zirkol, 
however,  has  pointed  out  that  even  in  contiguous  cavities,  where  there 
is  no  evidence  of  leakage  through  fine  fissures,  the  relative  size  of  the 
vacuole  varies  within  very  wide  limits,  and  in  such  a  manner  as  to  indi- 
cate no  relation  whatever  to  the  dimensions  of  the  enclosing  cavities.  Had 
the  vacuole  besn  due  merely  to  the  contraction  of  the  liquid  on  cooling, 
it  ought  to  have  always  been  proportionate  to  the  size  of  the  cavity.^ 

MM.  De  la  Valine  Poussin  and  Eeuard,  attacking  the  question  from 
another  side,  measured  the  relative  dimensions  of  the  vesicle  and  of  it« 
enclosed  water  and  cube  of  rock-salt,  as  contained  in  the  quartziferous 
diorite  of  Quenast  in  Belgium.  The  temperature  at  which  the  ascer- 
tained volume  of  water  in  the  cavity  would  dissolve  its  salt  was  found 
by  calculation  to  be.  307''  C.  (520^  Fahr.).  But  as  the  law  of  the 
solubility  of  common  salt  has  not  been  experimentally  detenuined  for 
high  temperatures,  this  figure  can  only  be  accepted  provisionally, 
though  other  considerations  go  to  indicate  tliat  it  is  probably  not  far 
from  the  truth.     Assuming  then  that  this  was  the  temperature  at  which 

» Charbonolle  and  Tliirion,  Rev.  Quest.  Scienti/.  vii  (1880)  43.     On  tlie  critical  point 
of  water,  Ac,  in  these  cavities  see  Hartley,  Joum.  Cfiem.  Soc.  feor.  3,  vol  ii.  p.  24 J.  rop. 
Set.  Rev.  new  scr.  i.  p.  H9. 
»  Sorby,  Q.  J.  Ged.  Soc.  xiv.  pp.  480,  493.  ^  *Mik.  Leschaff/  p.  40. 
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the  vesicle  was  foraied,  these  authors  proceed  to  determiDO  the  pressure 
necessary  to  prevent  the  complete  vaporization  of  the  water  at  that 
temperature,  and  ohtain,  as  the  result,  a  pressure  of  87  atmospheres, 
t?qual  to  84  tons  per  square  foot  of  surface.'  Tliat  many  rocks  were 
formed  under  great  pressure  is  well  sliown  by  the  liquid  carbon- 
dioxide  in  the  pores  of  their  crystals. 

Although,  in  almost  all  cases,  the  liquid  inclusions  are  to  be  referred 
to  the  conditions  under  which  the  mineral  crystallized  out  of  the  original 
magma,  they  may  be  exceptionally  develoi>ed  long  subsequently,  either 
in  one  of  the  original  minerals  during  decomposition,  or  in  a  mineral 
of  secondary'  origin,  such  as  quartz  of  subsequent  introduction.^ 

Liquid  inclusions  may  be  dispersed  at  random  through  a  crystal,  or 
us  in  the  quartz  of  granite,  gathered  in  intersecting  planes  (which  look 
like  fine  fissures  and  which  may  sometimes  have  become  real  fissures, 
owing  to  the  line  of  weakness  caused  by  the  crowding  of  the  cavities), 
or  disposed  regularly  in  reference  to  the  contour  of  the  crystal.  In  the 
last  case  they  are  sometimes  confined  to  the  centre,  sometimes  arranged 
in  zones  along  the  lines  of  growth  of  the  crystal.^  They  are  specially 
conspicuous  in  the  quartz  of  granite  and  other  massive  rocks,  as  well  as 
of  gneiss  and  mica-schist ;  also  in  felspars,  topaz,  beryl,  augite,  nepheline, 
olivine,  leucite  and  other  minerals. 

y.  Inclusions  of  glass  or  of  some  lithoid  substance. 
— In  many  rocks  which  have  consolidated  from  fusion,  the  component 
crystals  contain  globules  or  irregularly  shaped  enclosures  of  a  vitreous 
nature  (Fig.  6,  Column  B).  These  enclosures  are  analogous  to  the 
fluid-inclusions  just  described.  They  are  portions  of  the  original  glassy 
magma  out  of  which  the  minerals  of  tlio  rock  crj'^stallised,  as  portions  of 
the  mother-liquor  are  enclosed  in  artificially  formed  crystals  of  common 
salt.  That  magma  is  in  reality  a  liquid  at  high  temperatures,  though 
at  ordinary  temperatures  it  becomes  a  solid.  At  first,  these  glass-vesicles 
may  be  confounded  with  the  true  liquid-cavities,  which  in  some  respects 
tliey  closely  resemble.  But  they  may  l)e  distinguished  by  the  im- 
mobility of  their  bubbles,  of  which  several  are  sometimes  present  in  the 
same  cavity ;  by  the  absence  of  any  diminution  of  the  bubbles  when 
heat  is  ai)pliod ;  by  the  elongated  shape  of  many  of  the  bubbles ;  by  the 
occasional  extrusion  of  a  bubble  almost  l)eyond  the  walls  of  the  vesicle ; 
by  the  usual  pale  greenish  or  brownish  tint  of  the  substance  filling  the 
vesicle,  and  its  identity  with  that  forming  the  surrounding  base  or 
ground-mass  in  which  the  crystals  are  imbedded;  and  by  the  complete 
passivity  of  the  substance  in  polarized  light.     (See  p.  90.) 

'  *  Memoire  sur  les  Roches  dites  PlutonicnncB  de  la  Belgiquo,'  De  la  Vnllde  Poussin 
and  A.  Renard.  Acad.  Botj,  Belg.  1876,  p.  41.  8eo  also  Ward,  Q.  J,  Geol,  8oe,  xxxi. 
p.  568,  who  believed  that  the  granites  of  Cumberland  consolidated  at  a  maximum  depth 
of  22,000  to  30,000  feet. 

'  See  Wliitman  Cross  on  the  development  of  liquid  inclusions  in  plagioclase 
during  the  decomposition  of  tlie  gneiss  of  Brittany.  Tschermak's  Jifin.  MUtheih  1880. 
|>.  869 ;  also  G.  F.  Becker, '  Geology  of  Comstock  Lode.'    U.  8.  Geol.  Surv.  1882,  p.  371. 

•  The  way  in  which  vesicles,  enclosed  crystals,  &c.,  are  grouped  along  the  zones  of 
growth  of  crystals  is  illustrated  in  Fig.  7. 
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Glass  inclusions  ooonr  abundantly  in  boiuo  minerals,  aggrogatod  in 
the  centre  of  a  crystal  or  ranged  along  its  zones  of  growth  with 
tdngalar  regularity.  They  appear  in  felspars,  quartii,  loucite,  and  other 
crystalline  ingredients  of  volcanic  rocks,  and  of  course  prove  that  in 
such  positions  these  minerals,  even  the  refractory  quartz,  liave  nn- 
dunbtedly  crystallized  out  of  molten  solutiouH. 

In  inclosions  of  a  truly  vitreous  nature,  traces  of  devitrification  may 
not  iufreqnoiitly  he  seen.  In  particular,  inicroHCopiccryHtalliteB  (p.  lOfi) 
make  their  appearance,  like  those  in  the  pround-niawi  of  the  rock. 
Sometimes  the  inclusions,  like  the  general  gMund-mass,  have  an  entirely 
stony  character.  (Fig  6,  C.)  This  may  lie  well  oliservcd  in  those  which 
have  not  been  entirely  separated  from  the  surrounding  grouud-iuaHH, 
but  are  connootod  with  it  by  a  narrow  neck  at  the  j)cripherj'  of  the 
enclosing  crystal.  In  some  granites  and  in  elvans,  the  qu.artz  by 
irregular  contraction,  while  still  in  a  pla«tic  state,  appeal's  to  liavo 


lirawn  into  iti  sulmtance  portions  of  the  surrounding  nh-oady  lithoid 
'«»;'  but  this  appearance  may  somctimcH  Ix;  duo  to  irregular  cornision 
if  Die  ciy«tals  by  the  magma.' 

i  f'rystals  and  frystallino  bcidics. — Many  ciinijwment 
Miuenlsof  rocks  contain  other  minernls  (Fig.  7).  Theno  owur  smuu- 
>iiBes  as  perfect  crystals,  m(>n>  usuaily  &»  what  are  ternii-d  miin'litliK 
fp.  107).  Like  the  glaf^-inclusions,  they  tend  to  range  thciiiselv.M  iji 
)■>«•  along  the  successive  zones  of  growth  in  the  enclotung  iiii]»i;il. 
Um^iths  are  of  frequent  occurrence  in  leucife,  garnet,  luigili'.  Ii-m 
Ifriide.  ciih'it.-,  fluorite,  &c.  From  the  fact  that  mierolitliK  cif  tl..-  .asiiy 
In-il-l.  ^iifjite  are,  in  the  Vesuvian  lavas,  enclosed  witliin  tli'  '■xi].iiiil\ 
i'-l'nttt.iry  lencit«,  it  was  supposed  that  the  rclutiv.;  oidij  .-t  lu.-ir/iln 
>■  nut  alvAfs  followed  in  the  microIithH  and  fnv>'l<ij'iii;'  '-t  vmh        |i<ii 
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this  has  been  satiBfactorily  explained  by  Fouquo  and  Michel-L6vy,  who 
have  shown  experimentally  that  leucite,  when  crystallizing  from  fusioDy 
tends  to  catch  up  inclusions  of  the  surrounding  glass,  which,  should  the 
glass  be  pyroxenic,  may  assume  the  form  of  augite.^ 

€.  Filaments,  streaks,  patches,  discolo  rat  ions. — 
Besides  tlie  enclosures  already  enumerated,  crystals  likewise  frequently 
enclose  irregular  portions  of  mineral  matter,  due  to  alteration  of  the 
original  substance  of  the  minerals  or  rocks.  Thus  tufts  and  vermicular 
aggregates  of  certain  green  ferruginous  silicates  are  of  common 
occurrence  among  the  crystals  and  cavities  of  old  pyroxenic  volcanic 
rocks.  Orthoclase  crystals  are  often  mottled  with  patches  of  a  granular 
nature,  due  to  partial  conversion  of  the  mineral  into  kaolin.  The 
magnetite,  so  frequently  enclosed  within  minerals,  is  abundantly 
oxidized,  and  has  given  rise  to  brown  and  yellow  patches  and  dis- 
coloration s.  Care  must  be  taken  not  to  confound  these  results  of 
infiltrating  water  with  the  original  characters  of  a  rock.  Practice  will 
give  the  student  confidence  in  distinguishing  them,  if  he  familiarises 
his  eye  with  decomposition  products  by  studying  slices  of  the  weathered 
parts  of  rocks. 

B.  Glass. — Even  to  the  unassisted  eye,  many  volcanic  rocks  consist 
obviously  in  whole  or  in  great  measure  of  glass.^  This  substance  in 
muss  is  usually  black  or  dark  green,  but  when  examined  in  thin  sections 
luider  the  microsco})e,  it  pi'esents  for  the  most  part  a  pale  brown  tint,  or 
is  nearly  colourless.  In  its  purest  condition,  it  is  (|uite  structureless, 
that  is,  it  contains  no  crystals,  crystallites,  or  other  distinguishable 
individualised  bodies.  But  even  in  this  state  it  may  sometimes  be 
observed  to  be  marked  by  clot-like  patches  or  streaks  of  darker  and 
lighter  tint,  arranged  in  lines  or  eddy-like  curves,  indicative  of  the  flow 
of  the  original  fiuid  mass.  Eotated  in  the  dark  field  of  crossed  Nicol- 
prisms,  such  a  natural  glass  remains  dark,  as  it  is  perfectly  inert  in 
polarized  light.  Being  thus  isotropic,  it  may  readily  be  distinguished 
from  any  enclosed  crystals  which,  acting  on  the  light,  are  anisotropic 
(p.  90).  Perfectly  homogeneous  structureless  glass,  without  enclosures 
of  any  kind,  occurs  for  the  most  part  only  in  limited  patches,  even 
in  the  most  thoroughly  vitreous  rocks.  Originally  the  structure  of  all 
glassy  rocks,  at  the  time  of  most  complete  fusion,  may  have  been  that  of 
perfectly  unindividualised  glass.  But  as  these  masses  tended  towards  a 
solid  form,  devitrification  of  their  glass  set  in.  Many  forms  of  incipient 
or  imperfect  crystallization,  as  well  as  perfect  crystals,  were  developed 
in  the  still  fluid  and  moving  mass,  and  were  drawn  out  in  the  direc- 
tion of  motion.  In  some  cases,  devitrification  has  proceeded  so  far  that 
no  trace  remains  of  any  glass. 

C.  Crystallites.^ — Under    this    name    may   be    included    minute 

>  *SyDthe8e  des  Mine'rauic,*  1882,  p.  155. 

*  Seo  E.  Cohen  on  glossy  Rocks.    Neues  Jahrh.  1880  (ii.)  p.  23. 

'  This  word  was  first  used  by  Sir  James  Hall  to  denote  the  lithoid  substance  obtained 
by  him  alter  fusing  and  then  slowly  cooling  various  *' whinstones ''  (diabases,  Ac.}, 
Binoo  its  reTival  in  Uihology  it  has  been  applied  to  the  minuter  bodies  above  described. 
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inorganic  bodies  poesessing  a  more  or  less  dofiiiito  form,  but  generally 
without  the  geometrical  characters  of  crystals.  They  occur  most 
commonly  in  rocks  which  have  been  formed  from  igneous  fusion, 
but  are  found  also  in  others  which  have  resulted  from,  or  have  been 
altered  by,  aqueous  solutions.  They  seem  to  be  early  or  peculiar  forms 
of  crystallization.  They  are  abundantly  doveloj)ed  in  artificial  slags, 
and  appear  in  many  modem  and  ancient  vitreous  rocks,  but  the 
conditions  under  which  they  are  produced  are  not  yet  well  understood.^ 
The  simplest  are  extremely  minute  drop-like  bodies  or  globtUites. 
Quite  isotropic,  they  are  sometimes  crowded  confusedly  through  the 
glass,  giving  it  a  dull  or  somewhat  granular  character,  while  in  other 
cases  they  are  arranged  in  lines  or  groups.  Gradations  can  be  traced 
from  spherical  or  spheroidal  globulites  into  other  forms  more  elliptical 
in  shape,  but  still  having  a  rounded  outline  and  sometimes  sharp  ends. 
These  were  termed  by  Vogelsang  LonguUtes,  There  does  not  appear  to 
be  any  essential  distinction,  save  in  degree  of  development,  between 
these  forms  and  the  long  rod-like  or  needle-shaped  bodies  which  have 
been  termed  microliths  (Beloniies),  Existing  sometimes  as  mere  simple 
needles  or  rods,  these  microliths  may  be  traced  into  more  complex 
forms,  sometimes  pointed,  sometimes  toothed  at  the  end,  straight, 
carved  or  coiled,  smooth  or  striated,  at  one  time  solitary,  at  another  in 
groups.  It  is  sometimes  possible,  from  their  association  or  optical 
characters,  to  determine  to  what  minerals  microliths  belong.  Augite, 
hornblende,  apatite  and  felspars  all  occur  in  these  rudimentary  forms. 
In  most  cases,  the  microliths  are  transparent  and  colourless,  or  slightly 
tinted,  but  sometimes  they  are  black  and  opaque,  from  a  coating  of 
ferruginous  oxide,  or  only  appear  so  as  an  optical  delusion  from  their 
position.  Black,  seemingly  opac|ue,  hair-like,  twisted  and  curved  micro- 
liths, termed  trichites,  occur  abundantly  in  obsidian.  Good  illustrations 
of  the  general  characters  and  grouping  of  crystallites  are  shown  in 
some  vitreous  basalts.  In  Fig.  8,  for  example,  the  outer  portion  of  the 
field  displays  crowded  globulites  and  longulites,  as  well  iis  here  and 
there  a  few  belonites  and  some  curved  and  coiled  microliths.  Kound  the 
rude  augite  crystal,  these  various  l)odies  have  been  drawn  together  out  of 
the  surrounding  glass.  Numerous  rod-like  microliths  diverge  from  the 
crystal,  and  these  are  more  or  less  thickly  crusted  with  the  simpler 
and  smaller  forms.^     In  Fig.  9,  the  remarkably  beautiful  structure  of  an 

aud  a  distiuction  has  been  drawn  between  crystallitos  and  microlitliH.  It  seems  to  me 
mo^t  Oinveniont  to  retain  the  term  orysiallites  &»  the  pfeueral  designation  of  all  the 
indefinitely  crystidliiio  or  incipient  fonuB  of  individualisatioii  aiiinng  minerals,  uiid  to 
subdivide  thc^se  by  the  employment  of  such  names  as  Vogelsiing's  (Hobalites^  LoiujuliteH^ 
Microlithty  &v..  The  student  should  consult  this  author's  *Philo8ophie  der  Geologic,* 
p.  13'.) ;  '  Krystalliten/  Bonn,  8vo.  1875  ;  also  his  descriptions  in  Aychtces  Nttrhnidaieeg. 
V.  1870,  vi.  1871.     Sorby.  Brit.  Assoc.  1880. 

'  They  are  well  exhibited  also  in  ordinary  blow-pii>e  beads.  See  Sorby,  Brit.  Aftttoa. 
1880.  or  Geol.  Mmj.  1880,  p.  408.  Tliey  have  been  produced  experimentally  in  the 
artificial  rocks  fused  by  lilessrs.  Fouque'  and  Michel  Lt'vy. 

«  Cieikie,  iVw.  Roy.  Fhys.  Sor.  Kdin.  v.  p.  216,  Plate  v.  Fig.  5.  J.  J.  II.  Tcall, 
Q.  J.  GtoL  Soc,  id.  p.  221.    Plato  xii.  Fig.  2a. 
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AiTan  pitchstonc  \a  shown ;  tbe  glassy  base  being  crowded  with  minute 
iui(!riilit1is  which  are  grouped  in  a  fine  Lrnsh-like  arrangement  round 
tajiering  rods.  In  tliis  case,  also,  we  two  that  the  glassy  base  has  been 
cUrified  round  t}ie  larger  individuals  by  the  abstraction  of  the  crowded 
Hinallcr  microlitht).  Hy  the  progressivo  development  of  cr^'stallites  or 
ciystals  during  the  cooling  and  consolidation  of  a  molten  rock,  a  glam 
loses  itB  vitroouB  character  and  booomea  lithoid ;  in  other  words,  undergoes 
devitrification 

^\itli  the  cr>»taniteB  may  bo  groniiotl  the  characteristic  amorphona 
ur  indt.huitely  gtanular  and  fibrous  or  scaly  matter,  constituting  the 
micniHcopic  baNo  m  which  the  definite  crystals  of  f«]mt«8  and  porphyries 
uie  imliedded  (pp  03, 110  141)  The  tme  nature  of  this  Bubstance  is 
not  J  et  understood  Betw  een  crossed  Nicol-prisms  it  sometimes  behavea 
iBotropically  like  a  gl  iss  but  in  other  cases  allows  a  mottled  glimmering 
light  to  pass  through      It  is  a  prmlnct  nf  devitrification  where,  though 


tho  vitreous  cliaracter  has  disappeared,  its  place  has  not  been  taken  by 
i-ecognisable  crj-stala  or  crystalline  particles,' 

Every  gradation  in  tho  relative  abundance  of  ciystellites  may  be 
traced.  In  some  olisidiaus  and  other  vilreous  rocks,  [lortiuns  of  the 
glass  can  be  obtained  with  comparatively  few  of  thorn ;  but  in  the  same 
rucks  we  may  not  infrequently  olserve  adjacent  parts  where  they  have 
Ixjen  so  largely  developed  as  to  iisuqj  the  iilace  of  the  original  glass,  and 
give  the  rock  in  consequence  a  lithoid  aspect  (]).  146). 

D.  DuTniTUS. — Many  rocks  are  composed  of  the  detritus  of  pre-existing 
materials.  In  the  great  majority  of  cases  this  can  ])o  loadUy  detected, 
even  with  the  naked  eye.  But  where  the  texture  of  such  detrital  or 
fragmental  (clastic)  rocks  becomes  exceedingly  fine,  their  true  nature 
may  require  elucidation  with  the  microscope.  An  obvious  distinction 
can  be  drawn  between  a  maae  of  compact  detritus  and  a  crystalline  or 

■  tjoo  Ziikol,  •  Mik.  Ikwhaff.'  p.  280.    BoeoubuBih,  toI.  ii.  p.  60. 
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vitreous  rock.  The  detrital  materials  are  found  to  consist  of  various 
and  irregularly  shaped  grains,  witli  more  or  less  of  an  amorphous  and 
generally  granular  paste.  In  some  cases,  the  grains  arc  broken  and 
angular,  in  others  they  are  rounded  or  water  worn  (p.  IGO).  They  may 
consifit  of  minerals  (quartz,  chert,  felspars,  mica,  &c.),  or  of  rocks  (slate, 
limestone,  basalt,  &c.),  or  of  the  remains  of  plants  or  nnimals  (spores  of 
lycoixxls,  fragments  of  shells,  crinoids,  <fec.).  It  is  evident  therefore 
that  though  some  of  them  may  be  crystalline,  the  rock  of  which  they 
now  form  j>art  is  a  non-crystalline  comi)ound.  Water,  with  carbonate 
of  lime  or  other  mineral  matter  in  solution,  ]>ermeating  a  detrital  rock, 
has  sometimes  allowed  its  dissolved  materials  to  crystallize  among  the 
interstices  of  the  detritus,  thus  producing  a  more  or  less  distinctly 
crystalline  structure.  But  the  fundamentally  secondary  or  derivative 
nature  ef  the  mass  is  not  always  thereby  effaced. 

2.  MicroBcopie  Structures  of  Books. 

We  have  next  to  consider  the  manner  in  which  the  foregoing 
luicroficopio  elements  are  associated  in  rocks.  Hiis  inquiry  brings  before 
us  the  minute  structure  or  texture  of  rocks,  and  throws  great  light  upon 
their  origin  and  history.^ 

Four  types  of  rock-structure  are  revealed  by  the  microscope.  A, 
wholly  crystalline ;  B,  semi-crystalline  ;  C,  glassy  ;  D,  clastic. 

A.  Wholly  Crystallink,  consisting  entirely  of  crj'stals  or  crystalline 
individuals,  whether  visible  to  the  naked  eye,  or  requiring  the  aid  of  a 
microscope,  imlwdded  in  each  other  without  any  intervening  amorphous 
substance.  Rocks  of  this  type  are  exemplified  by  granite  (Fig.  10)  and 
by  other  igneoiuj  rocks.  But  they  occur  also  among  the  ciy stall ino 
limestones  and  scliists,  as  in  statuary  juarble,  which  consists  entirely  of 
crj'stalline  granules  of  calcite  (Fig.  IG). 

The  holocrystalline  eruptive  rocks  (p.  92)  are  typically  represented 
by  granite,  hence  the  term  yranitoid  has  been  adopted  to  exi)ress  their 
microscopic  stnicture.  Varieties  of  this  stnicturo  are  designated 
according  to  the  relations  of  the  component  niincralH.  Where  no  one 
mineral  greatly  preponderates,  but  where  they  are  all  confusedly  and 
tolerably  equally  distributed  in  individuals  readily  observable  by  the 
naked  eye,  as  ordinary  granite,  the  structure  is  (jranitic,  (See  granular, 
p.  93.)  Where  a  similar  structure  is  so  fine  that  it  can  only  be  re- 
cognised with  the  microscope,  it  has  been  called  micrograniiic  or  cur i tic. 
Where  the  minerals  are  grouped  in  small,  isolated,  grain-like  individuals, 
each  having  its  own  independent  crystalline  structure,  so  that  under 
the  microscope  in  polarized  light,  the  rock  presents  the  appearance  of  a 
brilliant  mosaic,  the  structure  has  been  named  by  French  petrographers 
tjranalUic,  or  where  only  discernible  by  the  aid  of  the  microscope,  micrO' 
granuUtic,    Where  the  quartz  and  felsi)ar  of  a  granitic  rock  have  crystal- 

*  The  tirut  broad  clasBiticiitioii  of  the  luicroacopic  structure  of  rockn  was  that  pro- 
IXMed  by  Zirkel,  which,  with  slight  modiflctitiou,  is  here  udopteil.  'Mik.  Beschufl'/ 
p.  266.  •  Basaltgesteinc,'  p.  88.  See  ftlso  Rosenbu»ch*B  suggestive  paper  already  cited, 
A'eii^a  Jahrh,  1882  (ii.),  p.  1 . 
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lized  ill  one  common  <]ji-ection,  one  within  the  other,  the  etructuro  if> 
pegmatilic  whore  TieiLlo  to  the  naked  eye,  and  micropetfmalitie  where  the 
help  of  a  microscope  is  noedod.' 

B.  8emi-crystallihb.' — This  division  probably  comprehends  the 
majority  of  the  maseivo  omptive  or  igneons  rooks.  It  is  dietingniBheit 
by  tlie  occurrence  of  what  appears  to  the  naked  eye  as  a  compact  or 
finely  granular  groiind-maBs,  throngh  which  more  or  lew  recognisable 
cryhtals  are  Bcattored,  Examined  with  the  microscope,  this  ground-mass 
is  found  to  preflont  considerable  diTemity.  It  may  be  (1)  wholly  a  glass, 
as  in  some  l)aBalt8,  traohytca,  and  other  volcanic  products ;  (2)  partly 
devitrified  throngh  separation  of  peculiar  little  granules  and  needles 
which  appear  in  a  vitreouH  base  ;  (3)  still  further  devitrified,  until  it 
becomes  an  aggregation  of  such  little  granules,  needles,  and  hairs,  between 


Fig.  le. 

ng.  10,— Wbolly  CrjTiUlllM  Rl 
Btripf^  pKftA  tVUpiT.  tbp  Ion 
Fig.  11.— Sunl-CTTJUIllne  Slnicl— . — ~ , . — b  "■  -  

brudcr  moiiDclEnlc  rnmui.  ■Kghllf  ebaded  In  tbe  drawing,  are  Auglt 
th«  ruvdlc^apnl  rnrma  are  Apalite.  (5n  p.  IM.), 

which  little  or  no  gliVfis-baso  appears  ( microcry stall itic) ;  or  (4)  "mi- 
crofelsitio,"  closely  i-olal-od  to  the  two  previous  groups,  and  consisting 
of  ft  nearly  stmcturelcBs  mass,  marked  uPiially  witli  indefinite  or  lialf 
effaced  granules  and  filaments,  but  behaving  like  a  tiingly-refracting, 
amorphous  body  (p.  108). 

In  rocka  belonging  to  this  tyi>e,  a  spherulllie  structure  has  sometimes 
lioen  jiroducoil  by  iho  apppnranco  of  globular  bodies  comixvsed  of  a 
crj-stalline  intcrin.lly  radiating  sulistanee,  sometimes  with  concentric 
shtlls  of  amorphous  material.  In  many  caws,  spborulites  aro  only 
recogniMuble  with  Iho  microHCope,  when  tlicy  each  present  a  black  croes 

•  Foiiqiii'  ami  Micbf  1-I,tvy, '  Min.  MiiTOKrapli.'    Do  Lapparctit, '  GtoloRif,'  p.  SSS. 

'  Fur  lliis  xtnictiire  tlie  lonii  "niiciHl"  liiia  Ix'pn  proposed,  an  Wine  >>  nixlurc 
nf  tlic  cryKtBllino  iim)  tuunrplioiiH  (ulaBcy)  Blriirturps.  It  lia*  U-ch  clcBiEnnted  by 
Fnmiur   nnd   Michel-Lery   "  tiwliylowl,"    aa    being   lypically  ilevelopeil   nmonf;  tli'c 

lnulivtiK(j»«(m,  p.  137). 
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Itetween  crossed  Nicol-prieniB,  and  thoroby  cliaracteriatically  reveal  the 
wimtpkenlilie  atmctnre." 

C.  Glassy. — Compoeed  of  a  volcanic  glass  soch  as  has  already  been 
de«oril)6<I.  It  seldom  happens,  however,  th»t  rocks  which  seom  to  the  eye 
to  bo  tolerably  homogeneous  glass  do  not  contain  abundant  crj'atallitcs 
and  niinnte  crystals.  Hence  truly  vitvcons  rocks  tend  to  graduate  into 
the  seooad  or  aomi-crystallino  type.  Thin  gradation  and  the  abundant 
evidence  of  traces  of  a  devitriSed  base  or  magma  between  the  crystals  of 
a  vast  nnmbor  of  eraptivo  rocks,  lead  to  tho  belief  that  the  glassy  type 
was  the  original  condition  of  most  if  not  all  of  these  rocks.  Erupted 
an  molten  masses,  their  mobility  would  depend  upon  tho  fluidity  of  tlio 
glass.  Yet  oven  while  still  deep  within  tho  earth's  cniBt,  some  of  their 
constituent  minerals  (felspars,  leucito,  magnetite,  ikc.)  wore  often  already 
CTystalli?^,  and  suffered  fracture  and  corrosion  by  sulffictjuont  action  of 
the  enclosing  magma.  This  is  well  shown  by  what  ik  termed  tho 
fi»n<M-tar»rtHTe.      Crystals  and  crystallit^t  are  ranged  in  ciirrent-like 


linM,  with  their  long  axes  in  tho  direction  of  these  lines.  Where  ii 
Wi;b  older  crj-flt«l  occurs,  the  train  of  minuter  individuals  is  found  to 
n'efiprrmnd  it  and  to  ronnito  on  the  further  side,  or  to  Iks  divertoil  iu 
»n  widy-liko  course '(Fig.  12).  So  thoroughly  is  this  nriangenient 
tUractcristic  of  tho  motion  of  a  somewhat  viscid  li<jnid,  that  thiTu 
•iiTinot  lie  any  doubt  that  such  was  the  condition  of  those  masses  lieforc 
lh"ir  nmsoli<lalion.  Tho  flnxiim-structurc  may  Iw  detected  in  many 
'■■fii|itivf  rocks,  from  tliorougldy  vitreous  comptmnds  liko  obsidian,  on 
llii;  uiie  hund,  to  complnt^ily  cryHtalHuo  masses  liko  some  diilcrites,  on  tho 
'itliLT.  It  occurs  not  only  in  what  arc  usually  regarded  as  vulcanic  rocks, 
lint  also  in  jdutonic  or  dcop-scatcil  niassus  whicb,  there  is  rcnstm  to 
'''lif.'ve,  cunsolidatcil  deep  1>eneath  the  surface,  .is  for  instance  in  the  liodo 
Teiu  of  the  llari!  and  among  qiiartx-porpbyries  associated  with  granites 
in  Alerdeen shire.      Tho    structure,  therefore,  cannot    !«    regarded   oh 

'  Fnui]iii'  and  Miulu'l-I-evy,  'M 
•-lamplm  nf  niicniH]i)iiTiilitic  *>lrii''lilrc 
\-\'t  i.iiiuliriaii  t.iffH  lit  -St.  Kiiviil'-..     (j.  J.  fleot.  fioc.  x^\i\.  \i.  :^la. 
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'^rtratinly  iuiKiratitig  dutt  tlui  nwk  in  whiidi  it  i»  Ibimd  ctct  flowed  ont  at 

^mu  idsMST  miJia,  iu  <;nolii]^  Mul  oonnotiilittdiig,  kMve  bad  tl«vel(^>e(l 
ill  tlmiti  h;  i^Diitrai^ciitii  tiie  •itniutu  ^rstemufn:tii:iiJataiiuid spiral  cracki 
Inuiwu  ait  cite  ptrlitU:  itmutai^.  '  p.  I4fi  i. 

TIiu  tinal  .4d£:umj^  ot:'  «  vittcooH  aiiwit  iiib>  wdihl  titune  has  resulted 
I  Ut;  from  iuer<.-  -*jU<titicaUuii  ut'  tiuj  ^liuw :  thiit  »  well  ueeu  at  the  edgo 
of  ftyk^n  4iiil  iiiuiinive  atLeeu-iif iliffiireiit  biwalt-cucks,  where  the  igneorix 
itiaait,  iiiiviu^  Inicii  aailiieoly  imni^ealiid  idtfiif;  ibi  line  uf  cmitMct  with  tho 
»iiFT'>nii>liD;^  nji.'ka,  renuuiut  there  in.  the  cuoititiiai  of  gla^  thcmgh  only 
aa  iD<:h  fnrtEuir  inwiini  fpjiu  tiie  «<I{$e  tine  vitreoiu  magmu  has  dis- 
Appeare-l,  mt  represeated  in  Fig.  25;  (,2iiil)  frjm  the  deritritication  of 
the  glaiM  by  the  abonihuit  development  ijf  sucTofeliitic  granules  and 
tilameDtK,  aa  in  4aartz-p>jrphyn>',  ot  ii  cryvtallTtes  axtd  cTTBtala,  as  in 
■Qcb  gla>w7  locks  as  obaiJian  and  tachjiite ;  or  i,-}nl^  &<Ma  the  complete 


cryBtallizatiou  of  the  whole  of  the  original  glassy  base,  as  may  bo 
ut>8erved  iii  some  doloritoe  aiul  liasalts. 

D.  ('l:Aflric.— ('omiKiKod  of  dotrital  matoriale,  such  as  have  been  already 
deBcriltcd  (]i.  108).  Where  these  niatcrialB  conxist  of  grains  of  quai-tz-sand, 
they  withstand  almost  any  subKoi{ueut  change,  and  hence  can  be  rec(^- 
nisedcTon  among  the  most  highly  metamorpboaod  series  of  rooks  (Fig.  13). 
Qnartzite  from  snob  it  scries  can  somctiiucs  be  scarcely  distinguished  iinder 
the  microscope  fruni  iinaltercd  <|nartzoBO  sandetonc.  Where  tho  detritus 
bus  rosidtcd  front  tlio  dostrnction  of  alaminons  or  niagnesiau  silicates, 
it  in  more  snt^wi'tiblo  of  alteration.  Hence  it  can  bo  traced  in  regions 
of  liical  n]ctanioii>bisn),  l^cconiing  more  and  luoro  crystalline,  until  tho 
n>i'kM  fiirmed  of  or  contnining  it  jwibk  into  tnie  crystalline  schists. 

IVtrituB  di-rivi.'d  fruni  the  comniiuntion  or  decay  of  organic  I'cmaius 
]iivst.<nls   very  different    imd    ehuractcrintic    structuren.'      (Fig.    14.) 

'  Till'  "tihlciit  wlin  winilil  liirlln'r  iiivi'Hiipilo  lliin  i-ul'jii't,  will  fiiiil  b  suppirtirc  Hod 
liiii.iu.ni-  .•!.»«>  Hp.>ii  it  hy  \\r.  _S..rbyjii  n  rwi'iit  prrMdimtiiil  iiHdrm>  to  the  GeologicHl 


Pabt  n.  §  v.]       MTCROSCOPIC  OnARACTERS  OF  ROCKS.  113 


Sometimefi  it  is  of  a  siliceous  nature,  as  where  it  lias  been  derived  from 
diatoms  and  radiolarians.  But  most  of  the  organically  derived  detrital 
rocks  are  calcar€k)w^,  formed  from  the  remains  of  foraminifera,  corals, 
echinodemiB,  polyzoa,  cirripedes,  annelidcs,  moUusks,  Crustacea  and 
other  invertebrates,  with  occasional  traces  of  fishes  or  even  of  higher 
vertebrates.  Distinct  differences  of  microscopic  structure  can  be 
detected  in  the  hard  parts  of  some  of  the  living  representatives  of 
these  forms,  and  similar  differences  have  been  detected  in  beds  of  lime- 
stone of  all  ages.  Mr.  Sorby,  in  the  paper  cited  below,  has  shown  how 
characteristic  and  persistent  are  some  of  these  distinctions,  and  how 
they  may  be  made  to  indicate  the  origin  of  the  rock  in  which  they 
occur.  There  is  an  important  difference  between  the  two  forms,  in 
which  carbonate  of  lime  is  made  use  of  by  invertebrate  animals  ;  aragonito 
being  much  less  durable  than  calcite  (pp.  74,  75).  Hence  while  shells 
or  other  organisms,  formed  largely  or  wholly  of  aragonite,  crumble  down 
into  mere  amorphous  mud,  pass  into  crystalline  calcite,  or  disapj^ear,  the 
fragments  of  those  consisting  of  calcite  may  remain  quite  recognisable. 

It  is  evident,  therefore,  that  the  aljsence  of  all  trace  of  organic 
structure  in  a  limestone  need  not  invalidate  an  inference  from  other 
evidence  that  the  rock  has  been  formed  from  the  remains  of  organisms. 
The  calcareous  organic  debris  of  a  sea-bottom  may  be  disintegrated,  and 
reduced  to  amorphous  detritus,  by  the  mechanical  action  of  waves  and 
currentB,  by  the  solvent  chemical  action  of  the  water,  by  the  decay  of 
the  binding  material,  such  as  the  organic  matter  of  shells,  or  by  being 
swallowed  and  digested  by  other  animals.^ 

Moreover,  in  clastic  calcareous  rocks,  owing  to  their  liability  to  alter- 
ation by  infiltrating  water,  there  is  a  tendency  to  acquire  an  internal 
crystalline  texture.     At  the  tiiuo  of  formiition,  little  empty  spaces  lie 
Vetween  the  component  granules  and  fragments,  and  according  to  Mr. 
•Sorby,  these  interspaces  may  amount  to  about  a  quarter  of  the  whole 
mass  of  the  rock.     They  have  very  commonly  been  filled  up  by  calcite 
iutr<>luccd   in  solution.     This  infiltrated  calcite  acquires  a  crystalline 
•^tnicture,  like  that  of  ordinary  mineral- veins.     But  the  original  com- 
iKjnent  organic  granules  also  themselves  become  crystalline,  and,  save 
in  80  far  as  their  external   contour  may  reveal  their  original   organic 
8«Jttrcv,  they  cannot  be  distinguished  from  mere  mineral  grains.     In  this 
''^ay,  a  cycle  of  geological  change  is  completed.     The  calcium-carbonate 
originally  dissolved  out  of  rocks  by  infiltrating  water,  and  carried  into 
the  sea,  is  secreted   from  the  oceanic  waters   by  corals,  foraminifera, 
echiu<jderms,  mollusks  and  other  invertebrates.     The  remains  of  these 
creatures  collected   on  the  sea-bottom  slowly  accmmulate  into   beds  of 
detritus,  which  in  after  times  are  upheaved   into   land.     Water  once 
more  i>eroolating  through  the  calcareous  mass,  gradually  imparts  to  it  a 
cnt'stalline  structure,  and  eventually  all  trace  of  organic  forms  may  be 
effaced.     But  at   the  same  time,  the  rock,   once   exposed  to  meteoric 
influences,  is  attacked  by  carbonated  water,  its  molecules  are  carried  in 

*  Sorby,  rresidentiul  Address,  Q,  J.  GeoL  Soc,  1879. 
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solution  into  the  sea,  where  they  will  again  be  built  up  into  the  frame- 
work of  marine  organisms. 

E.  Alteration  of  Rocks  by  Meteoric  Water. — An  important  revela- 
tion of  the  microscope  is  the  extent  to  which  rocks  suffer  from  the 
influence  of  infiltrating  water.  The  nature  of  some  of  these  changes  is 
described  in  subsequent  pages.  (Book  III.  Part  II.)  It  may  be  sufficient 
to  note  here  a  few  of  the  more  obvious  proofs  of  alteration.  Threads  and 
kernels  of  calcite  running  through  an  eruptive  rock,  such  as  diabase, 
dolerite,  or  andesite,  are  a  good  index  of  internal  decomposition.  They 
usually  point  to  the  decay  of  some  lime-bearing  mineral  in  the  rook. 
Some  other  minerals  are  likewise  frequent  signs  of  alteration,  such  as 
serpentine  (often  resulting  from  the  alteration  of  olivine,  see  Fig.  26), 
chlorite,  epidote,  limonite.  In  many  cases,  however,  the  decomposition 
products  are  so  indefinite  in  form  and  so  minute  in  quantity,  as  not  to 
permit  of  their  being  satisfactorily  referred  to  any  known  species  of 
mineral.  For  these  indeterminate,  but  frequently  abundant,  substances, 
the  following  convenient  short  names  have  been  proposed  by  Vogelsang 
to  save  periphrasis,  until  the  true  nature  of  the  substance  is  ascertained. 
Viridite — green  transparent  or  translucent  patches,  often  in  scaly  or 
fibrous  aggregations,  of  common  occurrence  in  more  or  less  decomposed 
rocks  containing  hornblende,  augite,  or  olivine :  probably  in  many  oases 
serpentine,  in  others  chlorite  or  delessite.  Ferrite — ^yellowish,  reddish, 
or  brownish  amorphous  substances,  probably  consisting  of  peroxide  of  iron, 
either  hydrous  or  anhydrous,  but  not  certainly  referable  to  any  mineral, 
though  sometimes  pscudomorphous  after  ferruginous  minerals.  OpacUe 
— black,  opaque  grains  and  scales  of  amorphous  earthy  matter,  which 
may  in  different  cases  be  magnetite,  or  some  other  metallic  oxide,  earthy 
silicates,  graphite,  &c.  ^ 

§  vi. — Classification  of  Rocks, 

It  is  evident  that  Lithology  may  be  approached  from  two  very 
different  sides.  We  may,  on  the  one  hand,  regard  rocks  as  so  many 
masses  of  mineral  matter,  presenting  great  variety  of  chemical  com- 
position and  marvellous  diversity  of  microscopic  structure.  Or,  on  the 
other  hand,  passing  from  the  details  of  their  chemical  and  mineralogioal 
characters,  wo  may  look  at  them  as  the  records  of  ancient  terres- 
trial changes.  In  the  former  aspect,  they  present  for  consideration 
problems  of  the  highest  interest  in  inorganic  chemistry  and  mineralogy ; 
in  the  latter  view,  they  invite  attention  to  the  great  geological  revolu- 
tions through  which  the  planet  has  passed.  It  is  evident,  therefore,  that 
two  distinct  systems  of  classification  may  be  followed,  the  one  based 
on  chemical  and  mineralogioal,  the  other  on  geological  considerations. 

From  a  chemical  point  of  view,  rocks  may  be  grouped  according  to 
their  composition ;  as  Oxides,  exemplified  by  formations  of  quartz, 
heematite,   or  magnetite ;    Carbonates,    including   the  limestones  and 

»  Vogelsang:,  Z.  Deutsch  Geol.  Get.  xxiv.  (1872)  p.  521).    Zirkel,  Geol.  Expl,  4:0th 
rarallil,  yoh  vi.  p.  12. 
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cLty-ironstoneB ;  Silicates,  embracing  the  vast  majority  of  rocks, 
whether  composed  of  a  single  mineral,  or  of  more  than  one ;  Phosphates, 
such  as  gnano  and  the  older  bone-beds  and  coprolitic  deposits.  A 
classification  of  this  kind,  however,  pays  no  regard  to  the  mode  of  origin 
or  conditions  of  occurrence  of  the  rocks,  and  is  not  well  suited  for  the 
purposes  of  the  geologist.^ 

From  the  mineralogical  side,  rocks  may  bo  classified  with  reference 
to  their  prevailing  mineral  constituent.  Thus  such  subdivisions  as 
Calcareous  rocks,  Quartzose  rocks,  Orthoclase  rocks,  Plagioclaso  rocks, 
Pyroxenic  rocks,  Homblendic  rocks,  &c.,  may  be  adopted;  but  these 
terms  are  hardly  less  objectionable  to  the  geologist,  and  are  in  fact 
Baited  rather  for  the  arrangement  of  hand-specimens  in  a  museum,  than 
for  the  investigation  of  rocks  in  situ. 

From  the  standpoint  of  geological  inquiry,  rocks  have  been  classified 
according  to  their  mode  of  origin.  In  one  system  they  are  arranged 
nnder  three  great  divisions  :  1st,  Igneous^  embracing  all  which  have  been 
erupted  from  the  heated  interior  of  the  earth ;  2nd,  Aqueo^is  or  Sedtmen- 
inry,  including  all  which  have  been  laid  down  as  mechanical  or  chemical 
deposits  from  water  or  air,  and  all  which  have  resulted  from  the  growth 
and  decay  of  plants  or  animals;  3rd,  Meiamorphic,  those  which  haye 
undergone  subsequent  change  within  the  crust  of  the  earth,  whereby 
their  original  character  has  been  so  modified  as  to  bo  sometimes  quite 
indeterminable.  Another  geological  arrangement  is  based  upon  the 
general  structure  of  the  rocks,  and  consists  of  two  divisions,  Ist, 
Siratifiedy  embracing  all  the  aqueous  and  sedimentary,  with  part  of  the 
less  altered  metamorphic  rocks ;  2nd,  Vmiratijied,  nearly  conterminous 
with  the  term  igneous,  since  it  includes  all  the  eruptive  rocks.  Further 
subdivisions  of  this  series  have  been  proposed  according  to  differences  of 
structure  or  texture,  as  porphyritic,  granitic,  <fec.  Those  geological  sub- 
divisions, however,  ignore  the  chemical  and  mineralogical  charticters  of 
the  rocks,  and  are  based  on  deductions  which  may  not  always  be  sound. 
Thus,  rocks  may  be  included  in  the  igneous  series,  which  further  research 
may  show  not  to  be  of  igneous  origin ;  others  may  be  classed  as  meta- 
mori)hic,  regarding  the  tnie  origin  of  which  there  may  be  considerable 
uncertainty. 

A.  further  system  of  classification,  based  upon  relative  age,  has  been 

applied  to  the  arrangement  of  the  eruptive  rocks,  those  masses  which 

were  erupted  prior  to  Secondary  time  being  classed  as  "older,"  and 

thone  of  Tertiary  and  later  date  as  "  younger."    This  system  has  recently 

>)een  elaborated  in  great  detail  by  Michel-Levy,  who  maintains  that  the 

^^nie  types  have  been  reproduced  nearly  in  the  same  order  in  the  two 

s^-ncH,  though  Iwisic  rocks,  often  with  vitreous  characters,  rather  pre- 

'  ^"^*^te  in  thelater.2    It  must,  indeed,  be  admitted  that  certain  broad 

claARift^j.  ®^P*^^e  ^^^^  ^^^  fiuflccptililo   of  a  convoniont  and  important  chemical 

*  SeT**"  '^^^  ""'^  *"^  '^"^  (SCO  p.  13(5). 
*''>»K-l!L**  *'*  '«'*'i<*^  •^-  !>•  Dana,  Amer,  J.  ScL  xvi.  1878,  p.  33G.     Compare  also 
^"JfBuH.  Soc.  0(vl.  France,  iii.  3rtl  sor.  p.  199  vi.  p.  173.     Foiique  and  Miclitl- 

I   2 
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distinctions  between  the  older  and  the  later  eruptive  rocks  have  been 
well  ascertained,  and  appear  to  hold  generally  over  the  world.  Among 
these  distinctions  may  be  mentioned  as  characteristic  of  the  palaeozoic 
rocks  the  presence  of  microcline,  turbid  orthoclase  in  Carlsbad  twins, 
niuscovite,  enstatite,  bronzite,  diallage,  tourmaline,  anatase,  rutile, 
cordiorite,  and  in  the  younger  rocks  the  presence  of  sanidino,  tridymite, 
leucite,  nosean,  hauyne,  and  zeolites.  Even  where  the  same  mineral 
occurs  in  both  series,  it  often  presents  a  somewhat  different  aspect  in 
each,  as  in  the  case  of  the  plagioclaso  and  augite,  which  in  the  younger 
series  are  distinguished  Ijy  the  occurrence  in  them  of  vitreous  and 
gaseous  inclusions  which  are  absent  from  those  of  the  older  series.^ 
Throughout  the  younger  eruptive  rocks,  the  vitreous  condition  is  much 
more  frequent  and  perfectly  developed  than  in  the  older  group,  where, 
on  the  other  hand,  the  granitic  structure  is  characteristically  displayed. 
Still,  it  may  be  doubted  whether  enough  of  positively  ascertained  data 
have  been  collected  regarding  the  relative  ages  of  eruptive  rocks  to 
warrant  the  adoption  of  any  system  of  classification  upon  a  chrono- 
logical basis. 

ITiough  no  classification  which  can  at  present  be  proposed  is  wholly 
satisfactory,  one  which  shall  do  least  violence,  at  once  to  geological  and 
miueralogical  relationships,  is  to  be  preferred.  Avoiding,  therefore,  all 
theoretical  considerations  based  on  deductions  (often  erroneous)  as  to  the 
origin  or  age  of  rocks,  we  may  conveniently  make  use  of  the  broad  distinc- 
tion between  Crystalline  (including  vitreous)  and  Clastic  or  Fragmental 
rocks.  The  former  are,  1st,  stratified,  including  chiefly  chemical  depoeits, 
sucli  as  limestones,  dolomites,  sinters,  &c. ;  2nd,  schistose,  embracing 
most  of  the  so-called  metamorphic  rocks ;  3rd,  massive :  this  series  is 
nearly  coincident  with  the  old  division  of  Igneous  Ilocks.  The  Clastic  or 
Fragmental  rocks  are  formed  either  of  the  debris  of  older  rocks,  or  of  the 
aggregated  remains  of  plants  or  animals.  In  some  cases,  as  for  example, 
in  limestones  of  organic  origin,  sul)sequent  alteration  gradually  effaces 
the  fragmental  structure,  and  superinduces  a  true  crystalline  internal 
arrangement.  Hence,  along  certain  lines,  fragmental  rocks  pass  gradu- 
ally into  the  stratified  crystalline  series. 

It  must  be  kept  in  view  that  in  this  proposed  system  of  classification, 
and  in  the  following  detailed  description  of  rocks,  many  questions 
regarding  the  origin  and  decomposition  of  these  mineral  masses  must 
necessarily  be  alluded  to.  The  student,  however,  will  find  these  ques- 
tions discussed  in  later  pages,  and  will  probably  recognise  a  distinct 
advantage  in  this  unavoidable  preliminary  reference  to  them  in  connec- 
tion with  the  rocks  by  which  they  are  suggested. 


lAwy^op.cit  p.  150.  Roscubutich, 'Mik.  Phy«iog.* ii.  Reyer,* PhyBik  dor Eruptionon,'  1877, 


J.  MiUTuy  and  A.  Roiuird,  Proc.  Boy.  Soc.  Edin,  xi.  p.  GOU. 
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§  vii. — A  Deseripilon  of  the  moi-e  Imporianl  Bods  of  the 

EartKs  Crust. 

Full  detailH  reganling  tlio  composition,  microscopic  structure,  and 
other  characters  of  rocks  must  he  sought  in  such  general  treatises  and 
R]>ecial  memoirs  as  those  already  cited  (pp.  91,  100).  The  purposes  of 
the  present  text-hook  will  he  served  hy  a  succinct  account  of  the  moro 
common  or  important  rocks  which  enter  into  the  compositicm  of  the 
crust  of  the  earth. 

A.  Crystalline  and  Vitreous. 

1.  Stratified. 

This  division  consists  mainly  of  chemical  deposits,  but  includes 
alno  some  which,  originally  formed  of  organic  calcareous  dohris,  have 
acquired  a  crystalline  structure.  The  rocks  included  in  it  occur  as 
laniin«3  and  beds,  usually  intercalated  among  clastic  formations,  such 
as  sandstone  and  shale.  Sometimes  they  attain  a  thickness  of  many 
thousand  feet,  with  hardly  any  interstratification  of  mechanically 
derived  sediment.  They  are  being  formed  abundantly  at  the  present 
time  by  mineral  springs  and  on  the  floor  of  inland  seas ;  while  on  the 
bottom  of  lakes  and  of  the  main  ooean^  calcareous  organic  accumulations 
are  in  progress,  which  will  doubtless  eventually  ac^juire  a  thoroughly 
crystalline  structure  like  that  of  many  limestones. 

loe. — So  large  an  area  of  the  earth's  surface  is  covered  with  ice,  that  this  substance 
ileaerves  notice  among  geological  formations.  Ice  is  commonly  and  conveniently 
clarified  in  two  divisions,  snow -ice  and  water-ioe,  according  as  it  results  from  the 
r«-,mpre«Bion  and  altemnto  melting  and  freezing  of  fallen  snow,  or  from  the  freezing 
r>f  the  surface  or  bottom  of  sheets  of  water. 

Bnow-ice  (see  Book  III.  Part  II.  Sect.  ii.  §  5)  is  of  two  kindri.  Ist,  Fallen  snow 
on  mountain  slopes  above  the  snow-lino  gradually  assumes  a  granular  structure.  The 
little  crystalline  neecUes  and  stars  of  ice  are  melted  and  frozen  into  rounded  grannies 
vhirh  form  a  more  or  less  compact  moss  known  in  Switzerland  as  Neve  or  Fim. 
2ndf  When  the  granular  ne've  slowly  slides  down  into  the  valleys,  it  acquires  a  more 
compact  crystalline  structure  and  becomes  g1acier-irt\  According  to  the  researches  of 
V.  Klocke,  gkcier-ice  is,  throughout  its  mass,  an  irregular  aggregate  of  distinct  crystalline 
gTAiiw,  the  bomidarics  of  which  form  the  minute  capillary  fissures  so  often  described. '  Its 
•tmctore  thiu  ckMely  corresponds  to  that  of  marble  (p.  110).  Glacier-ice  in  small 
fiBgiiients  ifl  white  or  colourless,  and  oft£*u  shows  innumerable  fine  bubbles  of  air,  some- 
time aln  fine  particles  of  mud.  In  larger  masses,  it  has  a  blue  or  green-blue  tint,  and 
displays  n  vc^ineil  structure,  consisting  of  parallel  vertical  veinings  of  white  ice  full  o( 
*iir-bu>jbli  ^.  ami  of  blue  clear  ice  without  air-bubbles.  Snow-ice  is  formed  alK)vn  the 
-!f'A-  liii".  but  may  descend  in  glaciers  far  below  it.  It  covers  large  areas  of  the  more 
I'lfiy  luountainii  of  the  globe,  even  in  tropical  regions.  Towards  the  ])oles  it  dcscendrt 
tu  tkui  aen-Uxtlf  whete  laige  pieces  of  it  break  off  and  float  away  as  icebergs. 

Water-ice  (tee  Book  IIL  Part  II.  Sect.  li.  §  5)  is  formed,  Ist,  by  the  froczin«r  of 
iUf  vurfure  of  freshwater  (river-ioe,  lake-ice),  or  of  the  sea  (ice- foot,  flrx^ioe,  ]Mck-i(X'.  ; 

-  i'  a  rompaett  elear,  white  or  greenish  ice.  2nd,  by  the  freezing  of  the  layer  of  wuter 
■ :  .r  .,11  iiie  bottom  of  riven,  or  the  sea  (bottom-ice,  ground-io^',  anehor-ie/) ;  tiiir 
'  li  ■  i>  is  more  spongy,  and  often  encloees  mud,  sand  and  stones. 

»  NtuesJaJtrb.  1881  (i.)  p.  2X 
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Book-Salt  (Sel  gemme,  Steinsalz)  oocurs  in  layers  or  beds  from  less  than  an 
inch  to  many  hundred  feet  in  thickness.  The  salt  deposits  at  Stassfort,  for 
example,  are  1197  feet  thick,  of  which  the  lowest  beds  comprise  685  feet  of  pure  rook 
salt,  with  thin  layers  of  anhydrite  }-inch  thick  dividing  the  salt  at  intervals  of  from 
one  to  eight  inches.  Still  more  massive  are  the  accumulations  of  Sperenherg  near 
Berlin,  which  have  been  bored  through  to  a  depth  of  4200  feet,  and  those  of  Wicliczka 
in  Gallicia  which  are  hero  and  there  more  than  4600  feet  thick. 

The  more  insoluble  salts  are  apt  to  appear  in  the  lower  parts  of  a  salifcrous  series  and 
to  disappear  towards  the  top.    When  purest,  rock  salt  is  clear  and  colourless,  but  usually 
is  coloured  red  (peroxide  of  iron),  sometimes  green,  or  blue  (chloride  or  silicate  of  copper). 
It  varies  in  structure,  being  sometimes  beautifully  crystalline  and  giving  a  cubical 
cleavage ;  laminated,  granular,  or  less  frequently  fibrous.     It  usually  contains  some 
admixture  of  clay,  sand,  anhydrite,  bitumen,  &c,  and  is  oAen  mixed  with  chlorides  of 
magnesium,  calcium,  &c.    In  some  places  it  is  full  of  vesicles  (not  infrequently  of 
cubic  form)  containing  saline  water;  or  it  abounds  with  minute  cavities  filled  with 
hydrogen,  nitrogen,  carbon-dioxide,  or  with  some  hydrocarbon  gas.    Occasionally  remains 
of  minute   forms   of  vegetable   and   animal   life,  bituminous   wood,  corals,  shells, 
crustaceans,  and  fish  teeth  are  met  with  in  it.    Owing  to  its  ready  solubility,  it  is  not 
found  at  the  surface  in  moist  climates.    It  has  been  formed  by  the  evaporation  of  very 
saline  water  in  enclosed  basins — a  process  going  on  now  in  many  salt-lakes  (Great 
Salt  Lake  of  Utah,  Dead  Sea),  and  on  the  surface  of  some  deserts  (Kirgis  Steppe). 
In  different  parts  of  the  world,  deposits  of  salt  have  probably  always  been  in  progress 
from  very  early  geological  times.    Saliferous  formations  of  Tertiary  and  Secondary 
age  are   abundant   in   Europe,   while  in  America  they  occur  even  in  rocks  as  old 
as  the  Upper  Silurian  period,  and  among  the  Punjab  Hills  in  still  more  ancient  strata.^ 
Iitmestone  (Galcaire,  Kalkstein),— essentially  a  mass  of  calcium-carbonato,  some- 
times nearly  pure,  and  entirely  or  almost  entirely  soluble  in  hydrochloric  acid,  somo- 
times   loaded   with  sand,  clay,  or   other   intermixture.     Few  rocks  vary  more  in 
texture  and    composition.     It  may  be  a  hard,  flinty,  close-grained  mass,  breaking 
with  a  splintery  or  conchoidal  fracture ;  or  a  crystalline  rock  built  up  of  fine  crystalline 
grains  of  calcite,  and  resembling  loaf  sugar  in  colour  and  texture ;  or  a  dull  earthy 
friable  chalk-like  deposit;  or  a  compact,  massive,  finely-granular  rock  resembling  a 
close-grained  sandstone  or  freestone.    The  colours,  too,  vary  extensively,  the  most 
common  being  shades  of  bluc-groy  and  cream-colour  passing  into  white.     Some  lime- 
stones are  highly  siliceous,  the  calcareous  matter  having  been  accompanied  ¥rith  silica 
in  the  act  of  deposition;  others  are  argillaceous,  sandy,  ferruginous,  dolomitic,  or 
bituminous.    By  far  the  larger  number  of  limestones  are  of  organic  origin;  though 
owing  to  internal  re-arrangcmcnt,  their  original  clastic  character  has  frequently  been 
changed  into  a  crystalline  one.  Under  the  present  subdivision  are  placed  all  those  lime- 
stones whicli  have  had  a  distinctly  chemical  origin,  and  also  those  which  though  doubt- 
less, in  many  cases,  originally  formed  of  organic  di^bris,  have  lost  their  fragmental,  and 
have  assumed  instead  a  crystalline  structure.    (For  the  organic  limestones  see  p.  167.) 

Compact,  common  limeston e, — a  fine-grained  crystalline-granular  aggre- 
gate, occnrring  in  lK?ds  or  laminaj  intcrstratified  with  other  aqueous  deposits.  When 
purest  it  is  readily  soluble  in  acid  with  effervescence,  leaving  little  or  no  residue. 
ISIaiiy  variotiea  occur,  to  some  of  which  separate  names  are  given.  Hydraulic  Umestone 
contains  10  per  coat,  or  more  of  silica  (and  usually  alumina)  and,  when  burnt  and 
HubsiMinrntly  luixod  with  water,  forms  a  cement  or  mortar,  which  has  the  pro}ierty  of 
".sitting"  or  hardening  under  water.  Limestones  containing  perhaps  as  much  as 
25  jRT  cent,  of  silica,  alumina,  iron,  &c.,  which  in  themselves  would  be  imsuitable  for 
many  of  the  ordinary  purpmscs  for  which  limestones  are  used,  can  be  employed  for  making 


•  On  wilt  dei>u8its  of  various  ages,  see  A.  C.  Ramsay,  BriL  Assoc.  Hep.  1880,  p.  10; 

alho  Index,  ml  voc.  *'  Salt  DcposiUj." 
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hydniilio  mortar.  Theso  limestones  occur  in  bods  liko  those  in  tlio  Lias  of  Lyme 
Regis*  or  in  nodules  liko  those  of  Shoppcy,  from  which  Roman  cement  is  made. 
CemenUUme  is  the  name  given  to  many  pale  dull  ferruginous  limestones,  which 
contain  an  admixture  of  olay,  and  some  of  which  can  be  profitably  used  for  makiug 
hydranlic  mortar  or  cement.  Feiid  limestone  (ttinhiiein^  smnestcne)  gives  off  a  fetid 
sntell  (sulphuretted  hydrogen  gas),  when  struck  with  a  hammer.  In  some  cases,  the 
rock  seoms  to  have  been  deposited  by  volcanic  springs  containing  decomposable 
sulphides  as  well  as  lime.  In  other  instances,  the  odour  may  be  connected  witli  the 
decomposition  of  imbedded  organic  matter.  In  some  quarries  in  the  Carboniferous 
Limestone  of  Ireland,  as  mentioned  by  Jukes,  the  frcshly-brokcu  rock  may  Ijo 
smelt  at  a  distance  of  a  hundred  yards  when  the  men  arc  at  work,  and  occasionally 
the  stench  becomes  so  strong  that  the  workmen  arc  sickened  by  it,  and  require  to 
k-ave  off  work  for  a  time.  Cornsione  is  an  arenaceous  or  siliceous  limcstono 
particularly  characteristic  of  some  of  the  Palieozoic  red  sandstouo  formations.  Rotten- 
done  is  a  decomposed  siliceous  limestone  from  which  most  or  all  of  the  lime  has 
liecn  removed,  leaving  a  siliceous  skeleton  of  the  rock.  A  similar  decomposition  hikes 
place  in  some  ferruginous  limestones,  with  the  result  of  leaving  a  yellow  skeleton  of 
ochre.  Common  limestone,  having  been  deposited  in  water  usually  containing  other 
■abiftances  in  suspension  or  solution,  is  almost  always  mixed  with  impurities,  and  whore 
the  mixture  is  sufficiently  distinct  it  receives  a  special  name,  such  as  siliceous  lime- 
stone, sandy  limestone,  argillaceous  limestone,  bituminous  limestone,  dolomitic  limestone. 
Travertine  (calcareous  tufa,  calc-sinter)  is  the  porous  material  deposited  by  cal- 
careous springs,  usually  white  or  yellowish,  varying  in  texture  from  a  soft  chalk-like 
or  marly  substance  to  a  compact  building-stone.  (See  Book  III.  Part  II.  Sect.  iii.  §  3, 5.) 
SUU4ietiU  is  the  name  given  to  tlie  calcareous  pendant  deposit  formed  on  the  roofs  of 
Hmestoiic-cavems,  vaults,  bridges,  &c. ;  while  the  water,  from  which  the  hanging  lime- 
icicles  are  derived,  drips  to  the  floor,  and  on  further  evaporation  there,  gives  rise  to  the 
Grosi-liko  deposit  known  as  stalagmite,  Mr.  Sorby  has  shown  that  in  the  calcareous 
df'posits  from  fresh  water  there  is  a  constant  tendency  towards  the  production  of  calcito 
crystals  with  the  principal  axis  perpendicular  to  the  surface  of  deposit.  Where  that 
rarfiioc  is  curved,  there  is  a  radiation  or  convergence  of  the  fibre-like  crystals.  This  is 
well  seen  in  sections  of  stalactites  and  of  some  calcareous  tufas  (Fig.  100). 

Oolite, — a  linjcstone  formed  wholly  or  in  part  of  more  or  less  perfectly  spherical 
icraius,  and  having  somewhat  the  aspect  of  fish-roe.  Each  grain  consists  of  successive 
couccntric  shells  of  carbonate  of  lime,  frequently  with  an  internal  radiating  fibrous 
itracture,  and  was  formed  round  some  minute  particle  of  sand  or  other  foreign  body  which 
f&s  kept  in  motion,  so  that  all  sides  could  in  turn  become  encrusted.  Oolitic  grains  of 
this  cluiracter  are  now  forming  in  the  springs  of  Carlsbad  (Sprudclstein) ;  but  they  may 
00  doubt  also  be  produced  where  gentle  currents  in  lakes,  or  in  partially  enclosed  areas  of 
the  sea,  keep  grains  of  sand  or  fragments  of  shells  drifting  along  in  water,  which  is  so 
cliarged  with  lime  as  to  be  ready  to  deposit  it  ui)on  any  suitable  surface.  An  oolitic 
limestone  may  contain  much  impurity.  Where  the  calcareous  granules  are  cemented  in 
» tumewhat  argillaceous  matrix  the  rock  is  known  in  Germany  as  Rogenstoin.  Where 
the  individual  grains  of  an  oolitic  limestone  are  as  large  as  peas,  the  rock  is  called  a 
pisolite.  The  granules  sometimes  consist  of  aragonite.  Oolitic  structure  is  found 
in  limestones  of  all  ages  from  Pala)ozoic  down  to  recent  times. 

Marble  (granular  limestone), — a  crystalline-granular  aggregate  composed  of 
''nAUilline  calcite-granulcs  of  remarkably  unifonn  size,  each  of  which  has  its  own 
iiHlepeudent  twin  lamellffl  (often  giving  interference  colours)  and  cleavage  lines.  This 
cUritctcristic  stnicture  is  well  displayed  when  a  thin  slice  of  ordinary  statuary  marble 
ijsplarwl  und(*r  the  microscope  (Fig.  10).  Typical  marble  is  white,  but  the  rock  is  also 
Jillow,  grey,  blue,  green,  red,  black,  or  streaked  and  mottled,  as  may  be  seen  in  the 
mmuroiis  kinds  used  for  ornamental  purposes.  Its  granular  btructuro  giv(*s  it  a  roscm- 
^Unce  to  loaf-sugar,  whence  the  term  **  saccharoid  "  applied  to  it.  Fine  silvery  scales 
"f  laica  or  talc  may  often  be  noticed  even  in  the  purest  marble.    Some  crystalline  lime- 
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a«lmixtiire  of  clay  or  bitameii,  or  yellow  and  red  by  k'inp:  Riuinc<l  with  iron-oxide.  It 
occum  in  bedft,  lenticalar  intercnlationH  and  Btrinrr»,  nnuidly  nHmioiatcfl  with  beds  of  rod 
clay,  rook-tfalt,  or  anhydrite,  in  forinationfl  of  nmny  variouH  pfoological  periods  from  tlie 
Silurian  (New  York)  down  to  recent  tiniCM.  The  Triosaic  fi^ypHnni  depoHits  of  Tlmrinj^io, 
Hanover  and  the  Hans  have  \<mf^  been  fainoas.  One  of  them  runH  along  the  south  flank 
of  the  Han  Mountains  as  a  great  band  six  miles  long  nnd  reaching  a  height  of  some- 
times 430  feet. 

Gypsum  fnroishes  a  good  illustration  of  the  many  different  ways  in  which  somo 
minend  sabstanoes  can  originate.  Thus  it  may  be  produce<l,  Ist,  as  a  chemical 
precipitate  ftom  solution  in  water,  as  when  sea-water  is  evaporated ;  2nd,  tlirough  the 
decomposition  of  sulphides  and  the  action  of  the  resultant  sulphuric  acid  upon  lime- 
stone ;  Sid,  through  the  mutual  decomposition  of  carbonate  of  lime  and  sulphates  of  iron, 
copper,  magnesia,  &c ;  4th,  through  the  hydration  of  anhydrite ;  5th,  through  the  action 
of  the  sulphurous  vapours  and  solutions  of  volcanic  orifices  upon  limestone  and  cal- 
careous rocks.*  It  is  in  the  first  of  these  ways  that  the  thick  beds  of  gypsum  associated 
with  rock-salt  in  many  geological  formations  have  been  formed.  The  first  minerul  to 
appear  in  the  evaporation  of  sea-water  being  gypsum,  it  has  been  precipitated  on  the 
floors  of  inland  seas  and  saline  lakes  before  the  more  soluble  salts. 

Anhydrite, — the  anhydrous  variety  of  calcium-sulphate,  occurs  as  a  compact  or 
Iptmnlar,  white,  grey,  bluish  or  reddish  aggregate  in  saliferous  deposits.  It  is  less 
frequent  than  gypsum,  from  which  it  is  distinguished  by  its  much  greater  hardness 
(3-8*5)  aad  into  which  it  readily  passes  by  taking  up  0*2625  of  its  weight  of  water.'  It 
often  occurs  in  thin  seams  or  partings  in  rock-salt;  but  it  also  forms  large  hill-like 
maasea,  of  which  the  external  parts  have  been  converted  into  gypsum. 

Ironstone. — Under  this  general  term  are  included  various  iron-ores  in  which 
the  peroxide,  protoxide,  carbonate,  &c.,  are  mingled  with  clay  and  other  impurities. 
They  have  generally  been  deposited  as  chemical  precipitates  on  the  bottoms  of  lakes, 
under  marshy  gromid,  or  within  fissures  and  cavities  of  rooks.  Some  of  the  iron-ores 
are  aModated  with  the  schistose  rocks ;  others  are  found  with  sandstones,  shales,  lime- 
stones and  coals ;  while  some  occur  in  the  form  of  mineral  veins.  Those  which  have 
resulted  from  the  co-operation  of  organic  agencies  arc  described  at  p.  174. 

Hiematite  (red  iron-ore),  a  compact,  fine-grained,  earthy,  or  fibrous  rock  of  a 
blood-red  to  brown-red  colour,  but  where  most  crystalline,  steel-grey  and  splendent, 
with  a  distinct  cherry-red  streak.  Consists  of  aniiydrous  ferric  oxide,  but  usually  is 
n)ixe<l  with  clay,  sand,  or  otlier  ingredient,  in  such  varying  proportions  as  to  pass,  l)y 
insensible  gradations,  into  ferruginous  clays,  sands,  quartz,  or  jasper.  Occurs  as  IhxIh, 
hugv*  concretionary  masses,  and  veins  traversing  crystalline  rocks;  sonietimes,  as  in 
W(.';ftmoreland,  filling  up  cavernous  spaces  in  limestone.  Is  found  occasionally  in  l)ed8 
of  an  wditic  structure  among  stratified  formations. 

L  i  ni  o  n  1 1  e  (brown  iron-ore),  an  earthy  or  ochreous,  compact,  fino-grained  or  fibrous 
rock,  of  an  ochre-yellow  to  a  dark-brown  colour,  distinguishable  from  haematite  by  being 
hy«lioufl  and  giving  a  yellow  strt'ak.  Occurs  in  beds  and  veins,  sometimes  as  the  result 
of  the  oxidation  of  ferrous  carlx)nate ;  abundant  on  the  fioors  of  some  lakes ;  commonly 
fnund  under  marshy  soil,  where  it  forms  a  hard  brown  crust  upon  the  impervious  subsoil 
•9ffitj  irftn-itre).  Found  likewist^  in  oolitic  concretions  sometimes  as  largo  as  walnntn, 
niiiiiisting  of  concentric  layers  of  impure  limonite  with  sand  and  clay  {Bohnerz).  See 
p.  175  and  Book  III.  Tart  II.  Sect  iii. 

8pathicIron-ore,  a  coarse  or  fine  crystalline  aggregate  of  the  mineral  sidcrito  or 
ferrous  carbonate,  usually  with  carbonates  of  calcium,  manganese  and  magnesium  ;  has 
A  prevalent  yellowish  or  brownish  colour,  and  when  fresh,  its  rhombohedral  cleavage- 
faces  show  a  pearly  lustre,  which  soon  disappears  as  the  surface  is  oxidised  into  limonite. 

*  Roth.  CUin,  Gaol.  i.  p.  553. 

•  See  G.  Rose  on  formation  of  this  rock  in  presence  of  a  solution  of  chloride  of 
Nidium.  Netten  JaJuh.  Min.  1871,  p.  932.  Also  Bischof,  '  Chem.  und  Phys.  («eol.*  Suppl. 
(l«71)p.  188. 
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Occurs  iu  beds  and  veins,  especially  among  older  geological  formations.  The  colossal 
Erzberg  at  Kiseuerz  in  Styritv,  wliich  rises  more  tlian  2700  feet  aboTO  the  valley,  consists 
almost  wholly  of  siderito.* 

Clay-ironstone  (Sphaerosiderite),  a  dull  l>rown  or  black,  compact  form  of  siderito, 
with  a  variable  mixture  of  clay,  and  usually  also  ef  organic  matter.  Occurs  in  the 
Carboniferous  and  other  formations,  in  the  form  either  of  nodules,  where  it  has  usually 
been  deposited  round  some  organic  centre,  or  of  beds  interstratified  with  shales  and  coals. 
It  is  more  properly  described  at  p.  175,  with  the  organically  derived  rocks. 

Magnetic  iron-ore,  a  granular  to  compact  aggregate  of  magnetite,  of  a  black 
colour  and  streak,  more  or  less  perfect  metallic  lustre,  and  strong  magnetism.  Commonly 
contains  admixtures  of  other  minerals,  notivbly  of  liAmatite,  chrome-iron,  titanic-irou, 
pyrites,  chlorite,  quartz,  hornblende,  garnet,  epidoto,  felspar.  Occurs  in  beds  and 
enormous  lenticular  masses  (Stockc)  among  crystalline  schists.  Thus  among  the 
Scandinavian  gneisses  lies  the  iron  mountain  of  Gellivara  in  Lulea-Lappmark,  17,000 
feet  long,  8500  feet  broad,  and  525  feet  high. 

Siliceous  Sinter  (Geyserite,  Kieselsinter),  the  siliceous  deposit  ma<le  by  hot  springs, 
including  varieties  that  are  crumbling  and  earthy,  compact  and  flinty,  finely  laminated 
and  shaly,  sometimes  dull  and  opaque,  sometimes  translucent,  with  pearly  or  waxy 
lustre.  The  deposit  may  occur  as  an  incrustation  round  the  orifices  of  eruption,  rising 
into  dome-shaped,  botryoidal,  coralloid,  or  colmunar  elevations,  or  investing  leaves  and 
stems  of  plants,  shells,  insects,  &c.,  or  hanging  in  pendent  stalactites  from  cavernous 
sptices  which  are  from  time  to  time  reached  by  the  hot  water.  When  purest,  it  is  of 
snowy  whiteness,  but  is  often  tinted  yellow  or  flesh  colour.  It  consists  of  silica  81  to 
01  per  cent.,  with  small  proportions  of  alumina,  ferric  oxide,  lime,  magnesia,  and  alkali, 
and  from  5  to  8  per  cent,  of  water. 

Flint  (Silex,  Feuerstein), — ^a  grey  or  black,  excessively  compact  rock,  with  the  hard- 
ni58s  of  quartz  and  a  perfect  conchoidal  fracture,  its  splinters  being  translucent  on 
the  edges.  Consists  of  an  intimate  mixture  of  crystalline  insoluble  silica  and  of 
umorphous  silica  soluble  in  caustic  potass.  Its  dark  colour,  which  can  be  destroyed  by 
heat,  arises  chiefly  from  the  presence  of  carbonaceous  matter.  Flint  occurs  principally 
as  nodules,  dispersed  in  layers  through  the  upper  chalk  of  England  and  the  north-west 
of  Europe.  It  frequently  encloses  organisms  such  as  sponges,  echini  and  braohiopods. 
It  bus  been  deposited  from  sea- water,  at  first  through  organic  agency,  and  subsequently 
by  direct  chemical  precipitation  round  the  already  deposited  silica.  (Book  III.  Part  IL 
Si'ct.  iii.)  Chert  (phtanite)  is  a  name  applied  to  impure  calcareous  varieties  of  flint, 
in  layers  and  nodules  which  are  found  among  the  palieozoio  and  later  limestones. 
Horn  stone,  an  excessively  compact  siliceous  rode,  usually  of  some  dull  dark  tint, 
occurs  in  nodular  masses  or  irregular  bands  and  veins.  Vein-Quartz  may  be 
alluded  to  here  as  a  substance  which  sometimes  occurs  in  large  masses.  It  is  a  massive 
form  of  quartz  found  filling  veins  (sometimes  many  yards  broad)  in  crystalline  and 
clastic  rocks ;  more  especially  in  metamorphio  areas.  (See  Quartz-Bocks,  p.  127,  and 
Felsitoid-liocks,  p.  130). 

i$ome  of  the  other  varieties  of  silica  occurring  in  large  masses  may  be  classed  as  rooks. 
Such  lire  joaper,  and  ferruginous  quartz.  These,  as  well  as  common  vein-quartz,  occur  as 
veins  traversing  both  stratified  and  unstratified  rocks ;  also  as  beds  associated  with  the 
crystalline  schists.  With  them  may  be  grouped  Lydian-Stone  (Lydite,  KieseUehiefer),  a 
blftck  or  dark-coloured,  excessively  compact,  hard,  infusible  rock,  with  splintery  fracture, 
occurring  in  thin,  sharply  defined  bands,  split  by  cross  joints  into  polygonal  fragments, 
whicli  are  sometimes  cemented  by  fine  layers  of  quartz.  It  consists  of  an  intimate 
mixture  of  silica  with  alumina,  c^urbonaceous  materials,  and  oxide  of  iron,  and  under  the 
microscope  shows  minute'quartz-granulcs  with  dark  amorphous  matter.  It  occurs  in  thin 
layers  or  bands'iu  the  Silurian  and  later  PuliDozoio  formations  interstratified  with  ordinary 
sandy  and  argillaceous  strata.    As  these  rocks  have  not  been  materially  altered,  the  bands 

*  Ziikel,  Lthrb,  i.  p.  345. 
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of  Lydian'stoDe  may  be  of  origiiiEJ  formation,  Ihough  tlie  citont  to  irbicli  tboy  arc  oHen 
veined  with  qnutz  ahows  that  thoy  have,  in  luany  c&sos  Ijcen  pcnueuteil  by  nliccuus 
watei  liDOa  tbeir  deposit  Tbe  siliccouB  rocks  due  to  tlio  ojicriitions  of  plant  ond 
animal  life  are  dsKribod  on  p.  169,  also  iu  Book  III.  Tart  II.  Hcct.  iii.  §  3. 

Hnne  originally  clastic  siliceonB  rockd  hare  ooquited  a  inoro  or  lees  cryslalUiie 
atmetuie  from  the  action  of  thermal  wnln  or  otlicmise.  One  of  the  mont  marked 
varietica  has  been  termed  CrytlulUtte  Sandilone  (sec  p.  162).  Anotlicr  variety,  known 
as  Qaarlnte,  ia  a  granular  and  compact  aggrogete  of  iiuartz,  nliicli  nill  bo  deBcribud  in 
connection  with  the  BChutoeo  rocka  among  wUicb  it  generally  ocoura  (p.  128). 

2.  Sohiatoae  or  Foliated. 
The  Cryetallino  Schists  form  a  remarkably  well-dofiuod  aories  of  rocks. 
They  are  mainly  composed  ef  silicates.    Their  structure  ia  cryBtallino, 
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l)ut  is  diBtinguished  from  that  of  the  Massive  roclca  by  its  more  or  less 
closely  parallel  layers  or  folia,  couBistin)^  of  mat«rialB  which  have  aasilnicd 
a  crystalline  character  along  these  layers.  The  folia  may  lie  composed 
of  only  one  mineral,  but  usually  consist  of  two  or  more,  which  occur 
either  in  distinct,  often  alternate  lamina;,  or  intermingled  in  the  same 
layer.  In  some  respects,  this  stnicturo  resembles  that  of  the  stratified 
rocks,  l>nt  is  differentiated  (1 )  by  a  prevalent  striking  want  of  continuity 
in  Ihu  folia  which,  nsn  rule,  arc  conspieuimsly  lenticular,  thickening  out 
and  then  dying  away,  and  reappearing  aftor  an  interval  on  the  samo  or 
a  difleront  piano  (Fig,  17)  ;  (2)  by  a  (Kjculiar  and  very  chiiract«ristic 
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weldiug  of  the  fi>lia  into  each  other,  the  crj'Htalline  particles  of  one  laj 
bL'in)<;  Ro  iiitvniinigltHi  with  tUnno  of  the  layors  a1)ove  and  helon-  it  tl 
tho  niiolo  cohercH  qb  a  tuugL,  not  easily  liMiile  mass  ;  (3)  by  a  frequE 
remarkable  ami  eminently  distinctive  puckering  or  crumpling  (wi 
frequent  minute  faulting)  of  the  folia  which  becomes  sometimea  so  fi 
as  to  be  discernible  only  under  the  miorosGope '  (Fig.  1(>),  but  is  oft 
prcBont  conspicuously  in  hand-specimens  (Fig.  18),  and  can  bo  trac 
in  increaaing  diiuenaions,  till  it  connects  itself  with  gigantic  curvatm 
of  the  strata,  which  embrace  whole  mountains  in  their  sweep.    Tfat 
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characters  are  sufficient  to  indicate  a  great  difference  between  e 
riicks  and  ordimtry  stratified  fomiatioua,  in  which  the  strata  lie 
tinuous  flat,  pamllcl,  and  more  or  less  easily  separal3]e  layers. 

A  rock  poHBCBsing  tliis  cryBtalline  arrangement  into  tepMral 
in  English  termed  a  "schist."*     Tfais  word,  tlunigli  oopk 


(Jro/.  Soe.  sxxii.  p.  407.    &itbj,  'op.  ctt.  xxzTJ.  p.  8_, ...  _     , 

r  <I.  £iitBtt.'hDiig  d.  Altkr^it.  BehieCn,'  Bonn,  IBU;  and  otbec  n 


BcWMa  and  to  shales.    In  Qmnan  alw 
ncliiots,  bat  is  also  emplojed  fbr 
schieFtiitbon  =  iliale. 
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general  designation  to  descrilx)  the  stinicturo  of  all  tnily  foliated  rocks, 
18  also  made  nse  of  as  a  Huffix  to  the  names  of  the  minerals  of  which 
some  of  the  foliated  rocks  largely  consist.  Thus  wo  have  "  mica-schist," 
'* chlorite-schist,"  "hornblende-schist."  If  the  mass  loses  its  fissile 
tendency,  owing  to  the  felting  together  of  the  component  mineral  into  a 
tough  coherent  whole,  the  word  rock  is  usually  suKstituted  for  schist,  as 
in  '*  hornblende-rock,"  "  actinolite-rock,"  and  so  on.  The  student  must 
bear  in  mind  that  while  the  possession  of  a  foliated  structure  is  the 
distinctive  cliaiacter  of  the  crystalline  sc^hists,  it  is  not  always  present 
in  every  individual  bed  or  mass  associated  with  these  rcKjks.  Yet  the 
non-schistose  portions  are  so  obviously  integral  })arts  of  the  schistose 
series  that  they  cannot,  without  great  violation  of  natural  affinities,  be 
«je]>arHtcd  from  them.  Hence  in  the  following  enumeration,  they  are 
included  as  common  accom])animents  of  the  schists.  For  the  same  reason, 
quartzite  is  placed  in  this  subdivision,  though  in  its  typical  condition 
it  shows  no  schistose  structure. 

The  origin  of  the  crystalline  schists  has  lxH>n  the  subject  of  long 
discussion  among  geologists.  Werner  held  that,  like  other  nK^ks  of 
liigh  antiquity,  they  were  chemical  precipitates  from  a  universal  ocean. 
Hut  ton  and  his  followers  maintaineil  that  they  were  mechanical  aqueous 
sediments  altered  by  subterranean  heat.  These  two  doctrines,  in  various 
modifications,  are  still  maintained  by  op|)Osite  schools.  Some  schists  are 
undoubtedly  altered  sedimentary  rock«,  and  may  i)roperly  be  termed 
"metamorphi c."  AVliether  this  has  also  been  the  origin  of  certain 
ancient  gneisses  and  schists  underlying  the  oldest  fossiliferous  forma- 
tions is  less  easily  determined.     (See  Book  IV.  Sect,  viii.) 

Some  minerals  are  specially  characteristic  of  the  schists.  Among 
these,  reference  may  more  particularly  l)e  made  to  those  which  have 
crystiiUised  in  a  r<K'k  originally  composed  of  mere  clastic  detritus, 
such  as  shale  or  slate,  and  which  therefore  illustrate  the  process  of 
metamorphism.  Such  are  chiastolite,  andalusite,  sUiurolitc,  garnet, 
vesuvianite,  epidote,  tourmaline,  nitile,  kc. 

In  the  following  enumeration  the  rocks  are  arranged  according  to 
their  chief  constituents.  It  will  be  understood,  however,  that  in  almost 
all  cases,  other  minerals  are  mingled  witli  them  in  varying  proportions. 

1.  AmiiLLiTEH — Clay-slate,  argiUaceous-Bchist.  (Pliyllitc,  Phyllade,  Schiste 
ordoise,  Thonschiefer,  Tlionglimmerschiefer).  Under  thcBe  names  are  included  a^rtain 
hard  fissile  argillaceous  masses,  composed  primarily  of  compact  clny,  with  macroscopic 
and  mioToeoopic  scales  of  one  or  more  micaceous  minerals,  granules  of  (|uartz  and  cubes 
or  concretions  of  pyrites,  as  well  as  veins  of  quartz  and  calcite.  Tlie  fissile  struc- 
ture is  specially  characteristic.  In  some  cases  this  structure  is  merely  thut  of  original 
deposit,  as  is  proved  by  the  alternation  of  fissile  bods  with  bands  of  hardened  sandstone, 
conglomerate  or  foesilferous  limestone.  Such  arc  tlic  argillaceous  schists  of  the  Scottish 
Highlands.  But  in  certain  regions,  where  the  rocks  have  been  much  compressed,  the 
fissile  structure  of  the  argillaceous  bauds  is  indepeudent  of  stratification,  and  can  be  seen 
traversing  it.  Sorby  has  shown  tliat  this  superinduced  fissility  or  '*  cleavage  **  has  resulted 
from  an  internal  rearrangement  of  the  particles  in  planes  perpendicular  to  the  direction 
in  which  the  rocks  have  been  compressed  (See  Book  II.  Section  iv.  §  iii).  In  England 
the  tenn  "  slate  '*  or  **  clay-slato "  is  given  to  argillaceous,  not  obviously  crystalline 


126  GEOGNOSY.  [Book  H. 

rocks  possessing  this  cloayage-stnioiurc.  Those  where  the  fissility  corresponds  with 
the  original  sedimentation  may  ho  called  argillaceous  schists.  Where  the  micaoeoos 
lustre  of  the  fiuoly  disseminated  superinduced  mica  is  prominent,  the  rocks  are  phyllites. 

Microscopic  examination  shows  that  while  some  argillaceous  rocks  consist  mainly 
of  granular  debris,  many  cleaved  clay-slatos  contaiu  a  largo  proportion  of  a  micaoeons 
mineral  in  extremely  minute  flakes,  wliich  in  the  best  Welsh  slates  have  an  average  siie 
of  3^  of  an  inch  in  breadth,  and  ^  of  an  inch  in  thickness,  together  with  very  fine 
black  hairs  which  may  bo  magnetite.*  Moreover,  many  clay-slates,  though  to  outwaid 
appearance  thoroughly  noncrystalline,  and  evidently  of  fi-agmental  composition  and  sedi- 
mentary origin,  yet  contain,  sometimes  in  remarkable  abundance,  microscopic  mioroliibs 
and  crystals  of  different  minerals  placed  with  their  long  axes  pckrallel  with  the  pianos 
of  fissility.  These  minute  bodies  consist  of  yellowish-brown  needles  of  rutile,  greenish  or 
yellowish  flakes  of  mica,  scales  of  calcite,  and  probably  other  minerals.*  Small  grannies 
of  quartz  containing  fluid-cavities,  show  on  their  surfaces  a  distinct  blending  with  the 
substance  of  the  surrounding  rock.  M.  Renard  has  found  that  the  Belgian  whet-slate 
is  full  of  minute  crystals  of  garnet.'  Some  of  the  more  crystalline  varieties  (phyllite)arc 
almost  wholly  composed  of  minute  crystalline  particles  of  mica,  quartz,  felspar,  chlorite, 
and  rutile,  and  form  an  intermediate  stage  between  ordinary  olay-slate  and  mica-schist 

A  distinction  has  been  drawn  by  some  petrographers  between  certain  rocks  (phyllite, 
urthonschiefer)  which  occur  in  Archaean  regions  or  in  groups  probably  of  high  antiquity, 
and  others  (ardoise,  thonschiefer)  which  are  found  in  Palaeozoic  and  later  formations.  But 
there  does  not  ap])ear  to  be  adequate  justification  for  this  grouping,  which  has  probably 
been  suggested  rather  by  theoretical  exigencies  than  by  any  essential  differences  between 
the  rocks  themselves.  That  the  whole  of  the  series  of  argillaceous  rocks,  beginning  with 
clay  and  passing  through  shalo  into  slate,  argillaceous  schist  and  phyllite,  is  of  sedimen- 
tary origin  is  indicated  by  the  organic  remains,  false  bedding,  ripple-mark,  &c.,  found  in 
those  at  one  end  of  the  series,  and  by  the  insensible  gradation  of  the  mineralogical  cha- 
racters through  increasing  stages  of  metamorphism  to  the  other  end.  Some  microecopio 
crystals  may  poisibly  have  been  originally  formed  among  the  muddy  sediment  on  the  sea- 
floor.  But  more  probably  they  have  been  subsequently  developed  within  the  rook,  and  repre- 
sent early  stages  of  the  process  which  has  culminated  in  the  production  of  crystallino 
schists.  The  development  of  crystals  of  chiastolite  and  other  minerals  in  clay-slate  is 
frequently  to  be  observed  round  bosses  of  granite,  as  one  of  the  phases  of  contact-mota- 
morphism.  (See  Book  IV.  Part  VIII.) 

A  number  of  varieties  of  Clay-slate  are  recognised.  Roofing  slate  (Dachschiefer) 
includes  the  finest,  most  compact,  homogeneous  and  durable  kinds,  suitable  for  roofing 
houses  or  the  manufacture  of  tables,  ohimnoy-pieces,  writing- slates,  &c. ;  it  occurs  in  the 
Silurian  and  Devonian  formations  of  Central  and  Western  £urope.  Anthraoitic- 
slate,  (anthracite-phyllite,  alum-slate)  dark  carbonaceous  slate  with  much  Iron 
disulphide.  Bands  of  this  nature  sometimes  run  through  a  clay-slate  region.  Tho 
carbonaceous  material  arises  from  tho  alteration  of  the  remains  of  plants  (fucoids)  or 
animals  (frequently  graptolites).  The  morcasite  so  abundantly  associated  with  these 
organisms  decomposes  on  exposure,  and  the  sulphuric  acid  produced,  uniting  with  tho 
alumina,  potash,  and  other  bases  of  tho  suirounding  rocks,  gives  rise  to  an  efflorescence 
of  alum,  or  the  decomposition  produces  sulphurous  springs  like  those  of  Moffat.  The 
name  Greywacke-slato  has  been  applied  to  extremely  fine-grained,  hard,  shaly,  more 
or  loss  micaceous  and  sandy  bands,  associated  with  grey  wacke  among  the  older  Palieozoio 

*  Sorby,  Q.  J.  Oe/)l.  Soc.  xxvi.  p.  68. 

*  These  "clay-slato  needles"  were  not  crystallized  contemporaneously  with  the 
deposit  of  the  original  rock,  but  have  been  developed  by  subsequent  actions.  They 
indicate  one  of  the  early  pliasos  of  metamorphism  rSee  Book  R^  Part  iii.)  For  their 
character  sec  Zirkel,  *Mik.  Be»chaff.'  p.  490.  Kalkowsky,  N.  Jahrh.  1879  p,  382; 
A.  Cathrein,  op.  cit.  1882  (i)  p.  169.  F.  Peiick.  Sitzh.  liuyir.  Ahad,  Math,  Vhyt^.  1880. 
p.  461.  A.  Wichmaun,  Q.  J.  Of  oh  Sor.  xxxv.  j).  ir)6. 

»  Acad.  Itoy.  Jidgitjur,  xli.  (1877). 
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toAa,    Whet-fllato,  Novaculite,  Hone-stone,  is  an  exceedingly  hard  fine- 
grained siliceons  rock,  some  varieties  of  which  derive  their  economic  valae  from  the 
presence  of  microscopic  crystals  of  garnet.     Chiastolite-slato  (schiste  macl6),  a 
clay-slate  in  which  crystals  of  chiastolite  have  been  developed,  oven  sometimes  side  1)y  side 
with  still  distinctly  preserved  graptolites  or  other  organic  remains ;  ^  (Skiddnw,  Abc^rdecn- 
shire,  Brittany,  tiie  Pyrenees,  Saxony,  Norway,  Massachusetts,  &c.)    Staurolitc- 
8 late,  a  micaceous   clay-slate  with    crystals  of  staurolifo  (Banfifshire,  Pyrenees). 
Ottrolite-slate.a  day-slate  marked  by  minute,  six-sided,  greyish  or  blackish  green 
lamelUo  of  ottrclite  (Ardennes,  where  it  is  said  to  contain  remains  of  trilobites,  Bavaria, 
Kew  England).    Dipyre-slate  is  full  of  small  crystals  of  dipyro.    Sericito- 
phylliteisa  name  proposed  by  Lossen  for  those  compact,  greenish,  reddish  or  violet 
seridte-flohists  in  which  the  naked  eye  can  no  longer  distingaish  the  component  minerals. 
Hioa-phyllite  (phyUade  gris  feuillete  of  Dumont)  a  silky,  usually  very  fissile  slate, 
with  minute  scales  of  mica.    German  petrographers  have  distinguished  by  name  some 
other  varieties  found  in  metamorphic  areas  and  characterised  by  different  kinds  of 
concretions,  but   to  which   no  special  designations   have  been  given    in    English. 
KnotenBchicfor  (Knotted  schist)  contains  little  knots  or  concretions  of  a  dark- 
^rcen  or  brown,  fine-granular,  faintly  glimmering  substance,  of  a  talcosc  or  mica- 
ceous nature,  imbedded  in  a  finely  laminated  matrix  of  a  talc-like  or  mica-liko  mineral.' 
In  Fruohtschiefer   these  concretions  are  like  grains  of  com;   in  Garben- 
flchicfer,  like  caraway  seeds;  inFleckschiefer,  like  flecks  or  spots.  Some  of  those 
locks  might  be  included  with  the  mica-schists,  into  varieties  of  which  they  seem  to  pass. 
Hoand  some  of  the  eruptive  diabase  of  the  Harz,  the  clay-slates  have  been  altered 
into  various  crystalline  masses, to  which  names  have  been  attached.    Thus  Spilosite 
is  a  g^reenish,  schistose  rock,  composed  of  finely  granular  or  compact  felspathic  material, 
'With  small  chlorite  concretions  or  scales.    Desmositeisa  schistose  mass  in  which 
Himilar  materials  are  disposed  in  more  distinct  alternations.' 

2.  QuABTZ  ROCKS.*    Qoajrtz-scliist  (schistose  quarizite)  an  aggregate  of  granular 
<iuartz  with  a  sufficient  development  of  iiuo  folia  of  mica  to  impart  a  more  or  Iors 
definitely  schistose  structure  to  the  rock.    The  disappearance  of  the  mica  gives  quartzito, 
stud  the  greater  prominence  of  this  mineral  affords  gradations  into  mica-schist.    Such 
gradations  are  quite  analogous  to  those  among  recent  sedimentary  materials,  from  pure 
sand,  through  muddy  sand,  and  sandy  mud,  into  mud  or  cluy,  and  between  sandstones 
find  shales.    The  Highlands  of  Scotland,  for  instance,  embrace  large  tracts  of  quartz- 
schists — rocks    which    are    not    properly   cither   mica-schist   or   ordinary   quartzito. 
Consisting  of  granular  quartz,  with  fine  parallel  lamina)  of  mica,  and  capable  of 
being  split  into  thick  or  thin  flagstones,  they  were  evidently  at  first  stmdstones,  witli 
interleaved  seams  of  fine  mud.    The  sand  has  been  converted  into  quartzito,  and  the 
argillaceous  layers  into  various  micaceous  minerals.    Endless  varieties  in  the  relntivc 
proportions  of  these  ingredients  may  be  obser^'ed.  Interstratified  pebbly  varieties  ooonr. 

Itacolumit  e — a  schistose  quartzito,  in  which  the  quartz-gnmules  are  separated  by 
fine  scales  of  mica,  talc,  chlorite,  and  serieite.  Occasionally  these  pliable  scales  are  so 
arranged  as  to  give  a  ceriain  fiexibility  to  the  stone  (flexible  sandstone).  This  ruck 
occurs  in  tho  south-eastern  states  of  North  America,  also  in  Brazil,  as  the  matrix  in 
which  diamonds  are  found. 

Hiliceous    schist    (Lydian  stone,  Lydite,  Kiosolschiefer),  has   already  been 


*  A  good  illustration  of  this  association  is  figured  by  Kjerulf  in  his  ^  Goologie  des 
dlichen  und  Mittleron  Norwegen,*  Piute  xiv.  fig.  240.     Sec  also  Broggcr*H  memoir  on 
'pper  Silurian  fosaili*  among  the  crystalline  rocks  of  Bcrgeu.     Cliristiania,  1882. 

P 


]>mMt.  Geo.  Get.  xix.  (1807)  p.  500.  xxi.  p.  21)1.  xxiv.  p.  701.  Kaysor,  op.  cit.  xxii.  p.  J 03. 
*  J.  Maccullo<«h,  Trnnt.  Gtol.  Sor.  Ist.  sor.  ii.  (ISII),  p.  4r)0,  iv.  (1817).  p.  204  ; 
2im1  8or.  i.  (181I>),  p.  53.     Lohsom,  Zeitxrh.  Dviihrh.  (Uol.  Gen.  xix.  (18G7),  pp.  G15— <;,H1. 
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doMribed  (p.  122)  mnong  tho  atnitified  racks;  but  it  ma;  be  enamcmted  aim  hero  u 
occurring  likeviio  in  bands  among'  tbo  crjatalline  achiata. 

QuarUlte  (QuartZ'rock),  tbougli  not  praperl;  a  icbiitoee  rock,  muy  be  moitt  eon- 
ven[cnt!y  coueidered  here,  as  it  iaao  constEuitsu  acoompantment  oFthe  Hcliisls,  and,  like 
them,  can  often  bo  directly  traced  to  tbc  alteration  of  former  sedimcntery  fomutiont. 
It  ia  a  gmnnlar  to  compact  mass  of  quartz,  geuerallj  wliiCe,  sometimes  yellow  or  red, 
with  a  cbaractoriatic  liutrona  fracture.  It  occurs  in  tbia  and  tbick  beds  in  asiocUtkin 
trith  Bchistii,  Bouetimee  in  continuoaa  luaagca  seycrol  thousand  feet  thick.  Id  SootUud 
it  forma  rangca  uf  mountaiuH,  and  is  there  frequently  Hooompanied  with  Huboidinate 
beds  of  limodtone,  wliicb  in  SallicrlaudBhire  contain  Lower  Silurian  faesiJB.' 

Even  to  the  naked  oye,  the  finely  granular  or  areneceoiiB  Btractnre  of  quartiite  is 
diatiuctly  Tiaiblo.  MicroBcopic  ciiuuination  ahowa  thia  atmcturc  itill  more  clearty,  Euid 
IcavoB  no  doubt  that  the  rock  origiaally  conBieted  of  a  tolerably  pnre  quarti-und,  which 
hae  been  metaniorphoacd  by  pressure  and  tlie  tmnafunon  of  a  ailiccoua  cement  into  an 
cxceodiugl;  hard  mass.  Tbia  cement  waa  probably  produced  by  the  Bolvcut  action  of 
heated  water  upon  the  quartz  graiuB,  which  Becni  to  shade  off  into  each  utber,  or  intu 
the  intervening  aillco.  It  ia  owing,  no  doubt,  to  the  purely  eihccona  character  of  the 
gruina  that  the  blending  of  thc«e  with  (bo  Burroauding  cement  ia  ao  intimate  as  oRcii 


Flff.  M.^MLcTOKOpIc 


to  give  the  rock  an  ahuost  filnly  homogeneous  texture.  Tliat  qtiartzite,  oi  here 
■leecnbcd  ib  an  ongmal  acdimenlnry  rook,  and  net  a  chemical  deposit,  ia  cbonn  unt 
only  by  its  <n'anuliir  (extun  but  by  the  exact  rcsenblauce  of  ilII  ita  leading  featarai  to 
ordinary  Banilatoue— CiilBe  beddiup,  alternation  of  ooaraer  and  finer  layer*,  worm-burrows, 
iiud  fucoid  coats  Ihc  lUBtrous  fracture  that  distinguishes  thia  rock  from  saodatonc, 
IB  due  to  the  exceedingly  firm  cohesion  of  the  coiupoueut  graina  which  break  acTOM 
rather  ihan  scpamte,  aud  lo  the  consequent  production  of  innumerable  minnte  cleu 
vitreous  snrfncoa  of  quartz.  A  aaudalone,  on  the  other  bnnd,  boa  its  grnina  so  loosely 
coherent  that  when  the  rock  is  bmhon,  the  fracture  poxsei  between  them,  and  the  new 
aur&ce  obliiincd  prtisenls  innumerable  dull  romidcd  gmina. 

Besides  occurring  in  alternation  with  achista,  qnatzKc  is  also  met  with  locally  as  an 
altered  foriii  of  saiuUstone,  which  when  traversed  by  igneous  dykes,  ia  indamted  for  a 
ilislunco  of  a  few  inches  or  feet  from  the  intrusive  mass.  These  locol  prodnctiooa  of 
quiirt/ilo  show  Ihcohuroetoriatic  lustrous  fracture,  and  have  not  yet  bc<'n  diatiuguiahcd 
by  the  microBcopo  from  the  quartz-rock  of  wide  melamorpliic  regions.  There  ia  yet 
another  condition  under  which  this  rock,  or  one  of  analogous  atruoture.  may  bo  Been. 
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Highly  silicated  bands,  having  a  lustrous  tispoct,  fine  grain,  and  great  hardness,  oecur 
among  the  unaltered  shales  and  other  strata  of  the  Carboniferous  system.  In  such  cases 
tlio  supposition  of  any  gencnd  mctamorplusm  being  inadmissible,  we  may  infer  either 
that  these  quartzose  bands  have  been  indunited,  for  example,  by  tho.passtige  through 
them  of  thermal  silica  ted  water,  or  that  they  are  an  original  formation. 

3.  PriioxENE-RocKS. — ^Augite-BChist— a  finegrained  schistose  aggregate  of  pale  or 
dark-green  augite,  with  sometimes  quartz,  plngioclaso,  magnetite  or  chlorite ;  found  rarely 
among  the  crystalline  schists.  Among  the  schistose  rocks  of  the  Taunus,  Lessen  has 
dfscribed  some  interesting  varieties  under  the  name  of  Augite-schist  (Augitschicfer). 
They  are  green,  compact,  sometimes  soft  and  yielding  to  the  iinger-nail,  usually  distinctly 
schistose,  and  interbedded  with  the  gneisses  and  schists.  They  are  composed  of  a 
line  dull  diabase-like  ground-mass,  tlirough  which  are  dispersed  crystals  of  augite,  1  to 
2  trim,  in  length,  which  in  the  typical  varieties  are  the  only  components  distinctly 
recognisable  by  the  naked  eye.*  Augite-rock— a  granular  aggregate  of  augite  (with 
tonmialine,  sphene,  scapolite,  &c.),  found  in  beds  in  the  Laureutiau  limestone  of  Cantula. 
3[alacolite-rook  is  a  pale  granular  to  compact,  or  even  fibrous  aggregate  of 
malaoolito  found  in  beds  in  crystalline  limestone  (Iliesengebirge). 

Schistose  Gabbro — a  granular  to  schistose  aggregate  of  plagioclase  and  diallage, 
occurs  in  lenticular  bands  among  the  amphibolites  and  granulites  of  the  crystalline 
achists.  The  diallage  may  occur  in  conspicuous  crystals,  and  is  sometimes  associated 
with  abundant  olivine,  as  in  ordinary  gabbro  (p.  154).- 

4.  Hoi»BLEin>E-IlocKs.~Ainphibolite8— a  name  applied  to  a  group  of  rocks, 

composed  mainly  of  hornblende,  sometimes  schistose,  sometimes  thick-bedded.    Besides 

the  hornblende,  numerous  other  minerals,  such  as  are  common  among  the  schists, 

likewise  occur,— orthoclase,  plagioclase,  quartz,  augite  and  varieties,  garnet,  zoisitc,  mica, 

ratile,  &c    VThere  the  rock  is  schistose,  it  becomes  an  amphibolite-schist  or  horn- 

Uande-sohist ;  or  if  the  hornblende  takes  the  form  of  actinolite,  actinolite-sehist. 

Where  the  rock  is  not  schistose,  it  used  to  be  termed  hornblende-rock.     Nephrite 

(Jade)  18  a  compact  extremely  finely  fibrous  variety.    The  presence  of  other  minerals  in 

noticeable  quantity  may  serve  to  furnish  names  for  varieties.    Thus,  where  plagioclase 

(and  0omc  orthoclase)  occurs,  the  rock  becomes  afelspar-amphibolite,  dioritic 

amphibolite,  or  diori  te-s  chist.'    Amphilwlites  occur  as  bands  associated 

with  gneiHs  and  other  schistcse  formations.     It  was  suggested  by  Jukes  that  they  may 

possibly  represent  former  beds  of  bomblendic  or  augitic  lava  and   tuff,  which  have 

been  metamorphosed  together  with  the  strata  among  which  they  were  intercalated. 

This  suggestion  has  recently  received  confirmation  from  the  researches  of  the  Geologicul 

Survey  in  the  north  of  Scotland,  where  diorites  erupted  across  the  schists,  apparently 

prior  to  the  nietamorphism  of  the  region,  have  partially  assumed  a  foliated  structiu*e, 

l^swing  into  amphibolite-schists  and  serpentine,  while  their  felspar  has  aggregated  into 

lUMstij  of  whiit  may  be  termed  Labradorite-rock.     The  connection  of  some  schists  with 

original  niaK^os  of  diorite,  gabbro  and  diabase  is  likewise  pointed  out  by  Lehmann.* 

T).  (;aknkt-Ko<ks. — Ecloglte,  one  of  the  most  beautiful  meml>ers  of  the  crystalline- 
bchist  series,  is  a  granular  aggregate  of  grass-green  omphacite  (pyroxene)  and  red 
ginitt,  through  which  are  frequently  dispersed  bluish  kyanite,  and  white  mica.  It 
'^"curs  in  bands  in  the  Archajan  gneiss  and  mica-schist.  To  those  varieties  where 
^^':  kyanite  becomes  predominant,  the  name  of  Kyanite-rock  has  been  given, 
^•arnet-rock  in  a  oryt»talline-granular  rov'k  composed  mainly  of  garnet,  with  horn- 
^knUv  and  magnetite;  by  the  diminution  of  the  garnet  it  passes  into  an  amphibolite 

•  I/)«M.'n,  Z*i't$ch.  VmUch.  (hd.  Oim.  xix.  (I8C7),  p.  598. 

■  Kocks  of  this  character  occur  in  the  Saxon  "  (irnnulitgebirgc  "  and  also  in  I-.owtr 
An^tria.  F.  Becke,  Trtchermak's  Min.  Miith.  IV.  p.  352,  J.  Lehraann's  *  Vntersuchungen 
"i^J^TiUo  Kntsteliung  der  Altkrystallinischeu  Sehiefergesteiue,'  Bonn,  1884,  p.  190. 

/  t^iv  F.  becke,  Tschermak^s  MuuMittli.  IV.  p.  t'S^,  This  author  likewise  distin- 
^'iiUlios  «lin1lafjeHnnphibofUff  (larnct-amphibolitct  miite-amphiboIUt\  zoigite-amphiboUte. 

' '  Untersuchungen  Ulx'r  ^lie  Kntstehung  der  Altkrystall.  Schief.*    .See  Hk.  I V.  pt,  viii. 
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10.  Kn>n<u>ii>-B^>.^'. — Tsi»t«  an  ibCrLrs'ii&*«fl  ^7  ui  exof^Mtiiijdj  eompact  felutc- 
like  uiatHx.  Ti>«7  uc^.'v  iz  Ued*  \y  l*;«>-like  iuw«9i%.  iK-oiKlaiDC^  in  diftxic4t  of  ooiitaet 
UMftiuiAoq<Li*«ui.  vjiiKiixM*  a«f!».iriaVi«i  wiik  ^hif%  zziikARC:f  of  M-kiAft. 

HillfBllinta.— arfi  fXfrt<^ii:iHT  c»?K;«n.  b>:TnAcoe4ik«,  felsitie,  grey,  yeUowish, 
groeulifh,  r^lditb.  >^r^vni4i,  '.>r  I4ack  Fix-k.  ocvufOHd  of  ftn  intimAte  mixtore  of  micro- 
Myopic  iwrticli-ft  <:«f  ft* Upar  and  qiiartz.  with  t^^  vak»  of  mica  and  dklorite.  It  breaks 
with  a  vpMuttry  or  cnurlioijtil  fra«1nre,  pK-senisnndertbemirmMctpeaflnely-cryetallinti 
»triK'tiir<',  o<*caiUoiia11y  with  ijc^t^  of  qimnz.  and  i«  only  fiisil>le  in  fine  splinters  brfore 
thi;  l>low-pt|i('.  Thotigh  externally  prewnting  a  Tv«(iul*]anci'  to  fclAite  (p.  142^  it  oocurs 
ill  )m*U  H»  iiitniittt<;Iy  atiKKjciatctl  with  the  «n)i'iMe»  of  Norway, that  it  has  proljably  been 
|itiHlii<'«-'|  l»y  Ihc  bJiiiu-  H<rk*H  of  <'ha!i§es  that  gave  rij^e  to  the  cr^'stalline  E<^i«ti*.' 


'  Kill   Wicliiiiftiiij   iiti    UhcUh  of  Timor,  ^Bcitriigt'   zur  Ciculogic  tJtfi-Asiuiia   uud 
\ii'.liMMi  iia  '  II.  purl  2,  j».  117.  Lcydcii,  1884. 

•  K  •    r»lM  iiimk.,  Af/7«//.  /4//W/.  IKmk/m.,  Vienna,  hi.  (1867).    F.  Ikckt-,  IVhcnunk'e 
Mh,    MiUh   I V.  (IMM2)  p.  :i22.     E.  Dathe.  Neutt  Jakrb.  1876,  255-337. 

•  l''#i  ■uiitl)«M»iH'i'  If.  Kiiiit('SH'inf'*Kcniii«ka  Bergwirtnnnlyser,"  8vo..  }:>toi*kholnj,  1877. 
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Adinole  (Adinole-schUt),— arockcztemally  reueiublin*;  tlio  laat,  but  (li«tiiigui»bc(l 
fpwu  it  by  its  greater  fusibility.  It  is  an  intimate  mixture  of  quartz  and  albitc, 
oontaiuing  about  10  per  cent  of  soda.  It  is  a  product  of  alteration,  being  found  among 
the  altered  Carboniferous  shales  around  the  eruptive  diabases  of  the  Harz;  in  tlie  altered 
DeTOulan  rocks  of  the  Tannun,  and  in  the  altered  Cambrian  rock^  of  Soutli  Wales.' 

Forphyroid — a  name  bestowed  upon  certain  rocks  comjiosed  of  a  felsite-liku 
Kronud-niMS  which  has  assumed  a  more  or  less  schistose  structure,  from  thu  devclop- 
iiivut  of  micaceous  scales,  and  which  ctnitaiiis  porphyritically  scuttt'rcl  crystals  of 
feller  and  quartz.  The  felspar  is  either  orthoclaso  or  albite,  and  may  be  obtaine«l 
in  tolerably  perfect  crystals.  The  quartz  occasionally  presents  doubly  termiuated 
|iymmids.  The  micaceous  mineral  may  bo  ptmigonito  or  serioitc.  Porphyroid  occurs 
among  the  achistoso  rocks  of  Saxony,*  in  tho  palasozoic  area  of  the  Ardeiuies.^  as  well  as 
iu  Westphalia  and  other  parts  of  Europe.* 

11.  QiARTZ-  AHD  Tui'RMALiNK-KocKs.— Tourmaline-schist  (Sdiorl-schist),  a 
bla?kish,  fiuely  granular,  quartzoso  rock  with  abundant  granules  and  neudles  of  black 
tuurmalino  (schorl),  which  occurs  as  one  of  tho  products  of  contact-metamorphism 
iu  the  neighbourhood  of  somo  granites  (Cornwall). 

12.  Quartz-  and  Mica-KcxivS.— Mica-schist  (Mica-8lat(%  Glimmerschiefer),  a 
si'lustose  oggregateof  quartz  and  mica,  tho  relative  proportions  of  the  two  minerals  Tary- 
iiig  widely  even  in  the  same  mass  of  rock.  Each  is  arranged  in  lenticular  wavy  lamiute. 
The  quartz  shows  great  inconstancy  in  the  number  and  thickness  of  its  folia.  It  often 
retains  a  granular  oharaoter,  like  that  of  quartz-rock,  no  doubt  indicative  of  its  original 
sedimentary  origin.  Tho  mica  lies  in  thin  plates,  sometimes  so  dovetailed  into  each 
other  as  to  form  long  oontinuous  irregular  crumpled  folia,  separating  the  quartz  layers, 
and  often  in  tho  form  of  thin  spangles  and  membranes  running  in  the  quartz.  (Figs.  18 
and  19.)  As  the  rock  splits  open  along  its  micaceous  folia,  the  quartz  is  not  readily 
seen  save  in  a  cross  fracture. 

Bliuconte  is  the  usual  mica  in  typical  mica-schist ;  but  it  is  Hometinics  replaced  by 
biotite  or  by  paragonite.  In  many  lustrous,  unctuous  schists  which  nro  now  found  to  have 
a  wide  eztent,  the  silvery  foliated  mineral  is  ascertained  to  be  a  hydrous  mica  (margaro- 
ditc,  damoiuitc,  &c.),  and  not  talc,  as  was  once  8Upix>8e(l.  Tiicse,  us  already  stateil,  have 
Ixfu  named  hydro-mica-schists.  Among  the  acceesory  minerals,  garnet  (sjiecially  charac- 
tfristic),  schorl,  felspar,  hornblende,  kyanite,  staurolitc,  chlorite,  and  talc  may  be  men- 
tioned. Mica-schist  readily  passes  into  other  members  of  the  schistose  family.  By  addition 
of  felspar,  it  merges  into  gneiss.  By  loss  of  quartz  and  increase  of  chlorite,  it  passes  into 
schitit,  and  by  loss  of  mica,  into  quartz-schist  ond  quartzito.  Mica-schist  varies  in 
c<»lonr  mainly  according  to  the  hue  of  its  mica. 

Mr.  Sorby  has  pointed  out  that  thin  slices  of  true  mica-schist,  when  examined  under 
the  microscoi)e,  show  traces  of  tho  original  grains  of  quartz-sand  and  other  sedimentary 
particles  of  which  the  rock  at  first  consisted.  He  has  also  found  indications  of  tho 
current-bedding  or  ripple-drift  seen  in  many  fine  sedimentary  deposits,  and  concludes 
that  mica-schist  is  a  crystalline  metamorphosed  sedimentary  rock.^  In  some  cases, 
however,  tho  foliation  does  not  correspond  with  original  bedding,  but  with  structural 
planes  (cleavage,  faulting)  suporindu(^  by  pressure,  tension  or  otherwise,  ujwn  rocks 
which  may  not  always  have  been  of  sedimentary  origin. 

Among  the  varieties  of  mica-schist  may  be  mentioned,  Scricit(; -schist  (whieh 
may  be  also  included  among  the  phyllites)  composed  of  an  aggregate  of  line  folia  uf 
the  silky  micaceous  mineral,  sericite,  in  a  compact  honestone-likc  (luiirtz  ;  Paragonite 


'  Losscu.  ZeiUcJt.  Utntttdt,  Gtol.  (tvH'I.  xix.  (1807)  p.  oTo.  See  also  Quaii.  Jouni.  (Jio!, 
tio>\  xxxiz.  (1883)  pp.  302,  320. 

'  \Xoi\\p\iiiz<,  OhpI.  Surrey  Snxoittjf  Kxplanation  of  Section  Um^hlitz. 

^  Do  la  Valleo  Poussin  and  Kenard,  Mnu.  CouronntiH  Acad,  lluij.  Bvhj.  IS7G,  i).  8.">. 

•  Ixwsen.  Sitz.  GeiteUKch.  NiUur/.  Freumli,  1883,  No.  9. 

*  Q.  /.  Otol  JSoc.  '^ISOS),  p.  -iOl,  and  Ids  address  in  vol.  xxxvi.  (1880).  j).  8."). 
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scliist  wIktc  llir  mica  In  the  liyilnms  s^xlii  variety,  purii^onitc ;  Mar  jraroili  t  c- 
f'cli  ist  \\liire  iho  inira  is  llu'  Iiydrouts  ibnii,  mnrpirodite.  (incish-mica-scb  ist. 
containing  dispersed  konifls  of  ortboclaao.  Soiiie  of  tliciix?  rockt^  contain  little  or  no 
fjiiart/.  the  place  of  whicli  is  taken  by  felsimr. 

Xnrnial  niica-ecliist,  together  with  olhor  schintose  n>cks.  fonns  cxtenKivc  regions  iu 
Nurway,  Scotland,  the  Alps,  and  other  parts  of  Europe,  and  vast  tractn  of  the  Arclweau 
r«  L'ions  I  if  North  America.  Sonic  of  it?*  varieties  arc  also  found  cncircHn<;  granite 
m.i.^>es  (Scntlaml,  Ireland,  ^'C.)  as  a  niclaniorphic  zone  a  mile  or  so  broiul,  which  sliade.'j 
away  inlo  unalteriil  jrreywacke  or  slate  out>«idc.  In  these  ca8Ct>,  it  is  nn<|nestiona1ily  a 
iiietamorphosifl  condition  of  ordinary  HCilimcntary  strata,  the  change  being  connc^tctl 
with  the  extravasitioii  of  granite.  (IVkA  IV.  Part  VIII.) 

Though  the  jvohsession  of  a  lissilc  structure,  showing  abumlant  divisional  surfaces 
covcrcil  with  gh^ttning  mica,  is  characteristic  of  micn-schi^f,  we  must  di.stiiiguish 
between  lliis  htrncturc  and  that  of  many  micaceous  smdstonos  which  C4in  bu  split  into 
liiiu  seams,  cnch  bph^nd<Mit  with  the  sheen  of  its  mica-flukes.  A  little  cNamination  will 
show  that  in  th«*  latter  casj  the  mica  has  not  crystdlizcil  in  ^'/7r/,  but  exists  meridy  in 
the  form  of  detaf'hed  worn  scale.^,  which,  though  lying  on  the  same  general  plane, 
are  not  welded  into  Ciich  other  as  in  a  schist;  also  that  the  quartz  does  not  exist  in  folia 
but  in  rounded  separate  grains. 

1:^.  QrAKTZ-  AND  Felspar-II(x;ks.  —  The  rcplucemeut  of  the  mica  of  a  mica-schist 
by  feL^]>iir,  or  the  disn]>peurance  of  the  mica  from  a  gneiss,  gives  rise  to  au  aggregate  of 
fels]rfir  and  quartz.  Such  a  rock  uiay  lie  observed  iu  thin  bands  or  courses,  oltcruatiug 
witli  the  surrounding  mass.  In  mineral  composition,  it  may  be  compared  to  the  quartz- 
l>'irphyrics  or  granite-iwrphyries  of  the  massive  rocks,  but  it  is  usually  Tcadily  diHtin- 
guishflble  by  a  more  or  less  developed  foliated  structure,  and  by  the  absence  of  any 
felsitic  ground-mass. 

14.  (^lAKr/-,  Felm'aij-  and  Mioa-Kocks. — Gneiss,  a  schistose  aggregate  of  orllu>- 
ela>.e  (gomctimcs  microclino  or  a  ]dagiochtstic  felspar,  either  seimrato  or  crystuliizc<l 
togi'ther),  quartz,  and  mica.^  It  differs  from  granite  chiefly  in  the  foliated  arrangement 
of  the  mini'fals.  Tlie  quartz  sometimes  contains  abundant  liquid  inclusions,  in  which 
liquid  carlx)n -dioxide  has  Ixjen  <letccted.  The  R-lative  pr«»iM)rtions  of  the  niiucraK  and  the 
manner  in  which  tlicy  are  grouped  with  Ciwh  other,  prcs<int  groiit  variations.  As  a  rule, 
the  folia  are  coarser,  and  the  schist«.»sc  chanu^tcr  less  perfect  than  in  mica-schist.  Sonie- 
tiines  the  quartz  lies  in  tolerably  ]iure  1»andi<,  a  foot  or  even  more  in  thickness,  with 
plates  of  mica  scattered  through  it.  Thest?  quartz  layers  may  be  replacetl  by  a 
cryctallino  mixturt>  of  quartz  and  felspar,  or  the  felspar  will  take  the  form  of  imlepcn- 
dent  lenticular  folia,  while  the  lamina}  <tf  mica  which  lie  so  abundantly  in  the  rock, 
give  it  its  fissile  structure.  The  felspar  of  many  gneisses  presents  under  the  microscope 
a  remarkable  flbrous  structure,  due  to  the  crystallization  of  fine  lamellte  of  some  plagio- 
clasc  (albite  or  oligoolasc-albite)  in  the  main  mass  of  orthoclase  or  microcline.' 
Among  the  accessory  minerals,  garnet,  tourmaline  or  schorl,  hornblende,  a|>atite, 
graphite,  pyrites,  and  magnetite  may  be  enumerated. 

3Iany  varieties  of  gneiss  occur.  Some  are  distinguished  by  peculiarities  f»f 
structure,  as  (*  rani  tc-gue  iss,  where  the  schistose  arrangement  is  so  et>arso  as  Iu 
Imj  nnrecognisiible,  save  in  a  large  mass  of  the  rock;  I*orphyritic  gncibs  or 
A  n  gc  u  g n  e  i  s  s,  in  which  largo  eyc-liku  kernels  of  orthoclase  are  dis|»orscil.  Otlu-r 
varieties  arc  named  from  the  occurrence  in  them  of  one  or  more  distinguishing 
minerals,  as  11  o  r  n  b  1  o  ii  d  e  -  g  n  e  i  s  s  (syenitio  gneiss),  in  which  homblondo  occurs 
iupjead  "f  (tr  in  adtlition  to  mini;  I' rotogine-gnoiss  where  the  onlinary  mica 


'  S'X>  Kalltowsky'h  -  fincissformation  des  Eulengebirgcs,'  I^'ipzig  187S;  also  a 
recent  il.i(>rir.\<i-  pa|K:r  by  F.  Bccko,  Tschermak's  Min.  MHth.  1882,  p.  ItH,  and  unothcr 
bv  r   W.  K.  !   ..,.  ...I.  1S8I,  p.  1. 

?    -  <     If  rrnok*!  Jtfin.  MiUh,  1882  r.iv.)  p.  198)  descril>cs  this  structure  and 
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Rives  place  to  talc,  or  somo  talcoso  mineral  which  macroscopically  passes  fi»r  talc. 
Chlorite-gneisB,  wherein  the  mica  is  replaced  by  chlorite;  Soricite-gneisB, 
a  schitftoee  aggregate  of  Berioite,  albite,  quartz,  with  less  frequently  wliite  an<l  black 
mica  and  a  chloritic  mineral  *;  Augite-gnoiss,  containing  an  augitic  mineral  (not 
of  the  diallage  group)  and  potash-felspar  or  potash-soda-felspar  or  scapolite,  with 
hornblende  (which  has  often  crystallized  pamllel  with  the  augite),  brown  mica,  more 
or  less  quartz,  and  also  frequently  with  garnet,  calcite,  titanite,  &c.';  Plagioclase- 
gneiss,  with  plagioolase  more  abimdant  than  the  more  usual  orthoclase,  sometimes 
containing  hornblende,  sometimes  augite. 

The  UKMit  typical  gneisses  occur  among  the  Archaean  rocks,  of  which  they  form  the 
leading  type.  (See  lk)ok  YI.  Part  L)  They  cover  considerable  areas  in  Scandinavia,  N.W. 
Scotland,  Bohemia,  Bavaria,  Krzgebirge,  Moravia,  Central  Alps,  Canada,  &c.  But  rocks 
tn  which  the  name  of  gneiss  cannot  be  refused  appear  also  among  the  products  of  the 
metamorphism  of  various  stratified  formations.  Such  are  tlie  gneisses  associated  with 
many  other  crystalline  schists  among  the  altered  Silurian  recks  of  Norway,  Scotland, 
ami  New  England,  tlie  altered  Devonian  rocks  of  the  Taunus,  and  other  regionn,  whicli 
will  be  described  in  Book  lY.  Part  YIII. 

15,  QuABTz-,  FELsrAR-  AND  Garnet-Kocks.— GranuUte '  (Eurlte-schistoidc,  T^pty- 
nite  of  French  authors,  Weiss-stein)— an  aggregate  of  pale  reddish,  yellowish,  or  wliito 
fvltfjiar  with  quartz  and  small  rod  garnets,  occasionally  with  kyanile,  biotito  and 
luioroseopic  rutile  and  tourmaline.  The  felspar,  whicli  is  the  predominant  constituent, 
jin^flcnts  the  peculiar  fibrous  structure  referred  to  in  the  foregoing  description  of  gneiKS 
(microperthito,  microcline),  and  appears  seldom  to  be  true  orthoclase.  The  quartz  irt 
eonspicuons  in  thin  partings  between  thicker  more  fcl8))athic  bands,  giving  a  distinctly 
fiiiidle  bedded  character  to  the  mass.  A  dark  variety,  interstratilied  with  the  normal 
rock,  ii  distinguished  by  tho  presence  of  microscopic  augite  or  diallage  (Augitgranulitc 
of  Saiony).  Granulite occurs  in  bands  among  the  gneiss  and  other  members  of  tlic  crystal- 
line schist  scries  in  Saxony,  Bohemia,  Lower  Austria,  the  Yosges  and  Central  Franco. 

]G.  Felspar-  awd  Mioa-Kocks. — Bocks  composed  essentially  of  a  schistose  aggre- 
irate  of  minutely  scaly  mica  with  some  felspar,  quartz,  andalusito  or  oth<'r  mineral, 
occur  in  regions  of  metamorphism.  Cornubianite  was  a  name  proix)ded  by  Boaso 
for  a  rock  composed  of  a  felspar  base,  with  abundant  niica.^  It  is  found  around  tho 
granite  of  Cornwall,  of  which  it  is  a  mctaniorphic  proiluct.  By  some  writers  this  rock 
has  licen  associated  with  the  gncLfsos,  but  from  these  it  is  distinguished  by  the  scarcity 
or  absence  of  quartz. 

17.  BaiiSTOSE  CoxtiLOMERATK  IlocKS. — In  some  regions  of  gneiss  and  schist, 
pebbly  or  conglomeratic  l>ands  occur,  in  which  jXibblcH  of  t^nartz  and  other  nuiterials 
Crom  lees  than  an  inch  to  more  than  u  foot  in  diameter  arc  iml)e(lded  in  a  foliated 
matrix,  which  may  be  phyllito,  mica-schist,  gnoisd,  quartzite,  &c.*    Exainiples  of  this 


'  K.>.  Lessen,  ZeiUch.  JhuMi.  (Uol.  Ga.  XIX.  (18t;7).  p.  505. 

'  The  oocnrronco  of  augite  as  an  abundant  constituent  of  some  gneisses  has  been 
made  known  by  microscopic  research.  Rocks  of  this  nature  occur  in  Sweden  (A. 
!4telzner,  N.  Jahih.  1880 (ii.),  p.  103),  and  have  been  fully  chrscrihed  from  l^mer  Austriu 
(F.  Becke,  Tschermak's  Min,  MiUh.,  1882  (iv.)  pp.  21*J-3«5).  Thoy  arc  likewise  well 
Ueveloped  among  the  Archaean  gneisses  of  the  north-west  of  Sutherland  in  Scf)tland. 

■  Michel-Levy  lias  proposed  to  reserve  tho  names  **  Leptynite  "  for  schistose  and 
*-r.rauulite"  for  eruptive  it>cks.  Bull  iSoc.  dtoL  France.  :Wi\  ser.  ii.  pp.  177,  189,  iii. 
\i  2?<7,  iv.  p.  730,  vii.  p.  7G0;  I/Ory,  op.  cit.  viii.  p.  14.  Schccrer,  A7m<?**  Jahrb.  1873, 
1..  «7H.  Ihuhe,  .V.  Jahrh.  1876,  p.  225;  /.  Dtuti^h.  (ifol.  Or*.  1877,  p.  274.  l^tetails 
r  L^irding  the  great  development  of  the  granulite  of  Saxony  ((iranulitgebirge)  will 
1-  found  in  the  explanatory  pamphlets  publishe*!  with  the  sheets  of  the  G(K)logicid 
Sitfvty  of  Saxony,  especially  those  of  sections  Uochlitz,  Geringswaldi*,  and  Waldheim. 
The  history  of  the  origin  of  granulite  is  discusw^d  by  J.  Lehmann,  "  Unterrfuchungen 
iiU-r  die  Entstehang  der  Altkiystall.  Schiefergestcine.'* 

•  *  GcolosT  of  Cornwall '  (1832),  pp.  22(5,  230. 

•  Prof. Svlchmann describes  B<>nie curious exami»hs of  »*<ri>fntine ermglonierateH.    S^t 
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kiud  are  found  in  the  pass  of  the  Tdte  Noire  between  Martigpiy  and  Gliamouni,  in  the 
Saxon  granulite  region,  in  Norway,  in  the  north-west  of  France,  in  north-west  Ireland,  in 
the  islands  of  Bute,  Islay,  Garvelloch,  and  different  parts  of  Argyllshire.  The  pebbles 
are  not  to  bo  distinguished  from  the  water- worn  blocks  of  ordinaiy  conglomerates ;  but 
the  original  matrix  which  encloses  them  has  been  so  altered  as  to  aoquiie  a  micaceous 
foliated  structure,  and  to  wrap  the  pebbles  round  as  with  a  kind  of  glaze.  These  facts, 
like  those  already  referred  to  in  the  microscopic  structure  of  mica-schist,  are  of  con- 
siderable value  iu  regard  to  ilie  theory  of  the  origin  of  the  crystalline  schists, 

IJeforo  pasHing  from  tlio  Scliistose  series  of  rocks,  the  student  will 
oljservo  that  some  interesting  analogies  may  l>e  traced  in  it,  to  Massive 
(»niptivo  rocks  on  the  one  hand,  and  to  Sedimentary  rocks  on  the  other. 
Some  of  the  massive  nxjks  liave  their  foliateil  c(mnterparts  among  the 
schists.  Granite,  for  example,  is  representee!  there  b}' gneiss;  diorite  hy 
amphil)olite-schist8 ;  gabbro  by  schistose  gabbro ;  felsite  by  halleflinta,  and 
tnifs  by  porphyroid.  How  far  this  analogy  points  to  original  identity, 
or  to  assimilation  by  metamorphic  change,  is  a  complex  problem.  In  some 
cases,  indeed,  it  is  perhaps  conceivable  that  a  process,  such  as  irregular 
internal  motion  of  the  mass,  that  could  change  the  schistose  structure 
of  gneiss  into  the  massive  structure  of  granite,  would  give  rise  to  a  rock 
which,  whatever  its  previous  history  might  have  been,might  not  be  distin- 
guishable from  granite.  On  the  other  hand,  any  internal  reaiTangement 
by  pressure,  tension,  minute  faulting  or  otherwise,  which  could  induce 
a  foliated  structure  within  a  mass  of  granite,  would  present  a  rock  that 
would  deserve  the  name  of  gneiss.  That  such  internal  transformations 
have  taken  place  among  the  crystalline  schists  and  some  granites  and 
other  eruptive  rocks  can  hardly  be  doubted.    (See  Book  IV.  Part  VIII.) 

Still  clearer  are  the  relations  of  the  Schistose  to  Sedimentary  rocks. 
Many  clay-slates  are  obviously  only  altered  marine  clays,  and  still  retain 
their  recognisable  fossils.  From  such  rocks,  gradations  can  be  followeil 
into  chiastolite-schist,  mica-schist  and  fine  p^ieiss.  Quartzites  and 
quartz-schists  often  still  retain  the  false-bedding  of  the  original  sandy 
sediment  of  which  they  are  composed.  The  j>ebl)ly  and  conglomeratic 
Iwinds  associated  with  some  schists  afford  convincing  proof  of  their 
original  elastic  nature.  Thus,  at  the  one  end  of  the  schistose  series 
we  find  rocks  in  which  an  original  sedimentary  character  remains 
unmistakaljle;  while,  at  the  other,  after  many  intermediate  stages 
of  progressively  augmenting  crystallization,  wo  encounter  thoroughly 
crystalline  amorphous  masses  like  granite  and  syenite,  which  should  he 
placed  among  the  massive  rocks.  This  arrangement  no  doubt  correctly 
represents  what  has  l)een  a  real  cycle  of  alteration  among  rocks. 
Sedimentary  deposits  have  been  gradually  changed  and  crystallized. 
These  m(»tamorphosed  products,  by  upheaval  and  exposure  at  the  surface, 
have  again  l)cen  reduced  to  sediment,  perhaps  once  more  to  pass  through 
the  same  succession  of  alterations  and  to  become  yet  again  crystalline. 


his  paper  in  '^Beithl^e  zur  Geologic  Ost-Asiens  und  Australiens,"  ii.  pp.  35,  111.  On 
the  conglomerate-schists  of  Saxony,  see  A.  Saner,  *  Geol.  Specialkarte  Sachsen,'  Sect 
"  Elterlein,*'  also  Ijelimann's  *  Altkryet.  Schiefergesteine,'  p.  124.  Iteusch,  *  Silurfossiler 
og  Pressoilo  Konglomorater,*  ( *hristiania,  1882.    mrroin,  Ami.  Sor.  GtoJ,  Nord,  xi.  1884. 


pam  n.  f  th.]     schistose  crystalline  bocks. 
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3.  Massive. 

I'hiH  important  sub-iUvision  is  nearly  coincidont  with  what  is 
embraced  by  the  old  and  useful  terms  Igneous  or  Eruptive  Bocks. 
Almost  the  whole  of  its  members  have  been  produced  from  within  the 
crust  of  the  earth,  in  a  molten  or  at  least  in  a  pasty  condition.  Nearly 
all  consist  of  two  or  more  minerals.  Considered  from  a  chemical  point 
of  view,  they  may  be  described  as  mixtures,  in  different  proportions,  of 
silicate?  of  alumina,  magnesia,  lime,  potash,  and  soda,  usually  with 
magnetic  iron  and  phosphato  of  lime.  In  one  scries,  the  silicic  acid  has 
not  been  more  than  enough  to  com])ine  with  the  different  bases;  in 
another,  it  occurs  in  excess  as  free  quartz.  Taking  this  feature  as  a 
basis  of  arrangement,  some  i>otrographers  have  proposed  to  divide  the 
rocks  into  an  acid  group,  including  such  rocks  as  granite,  quartz- 
porphyry  and  quartz-trachyte,  where  the  jxsrcentage  of  silica  ranges  from 
GO  to  75  or  more,  and  a  >>asic  group,  typified  by  such  rocks  as  Imsalt, 
where  the  proportion  of  silica  is  only  about  50  per  cent. 

In  the  vast  majority  of  igneous  rocks,  the  chief  silicate  is  a  felspar — 
the  number  of  rocks  where  the  felspar  is  represented  by  another  silicate 
(as  leucite  or  nepheline)  being  comparatively  few  and  unimportant.  As 
the  felspars  group  themselves  into  two  divisions,  the  monoclinic  or 
orthoclase,  and  the  triclinic  or  plagioclase,  the  former  with,  on  the 
whole,  a  preponderance  of  silica;  and  as  these  minerals  occur  under 
tolerably  distinct  and  definite  conditions,  it  is  customary  to  divide  the 
felspar-bearing  Massive  rocks  into  two  series  :  (1)  the  Orthoclase  rocks, 
having  orthoclase  as  their  chief  silicate,  and  often  ivith  free  silica  in 
excess,  and  (2)  the  Plagioclase  rocks,  where  the  chief  silicate  is  some 
sjiecies  of  triclinic  felspar.  Tlie  foniier  seiies  corresponds  generally  to 
the  acid  group  above  mentioned,  while  the  plagioclase  rocks  are  on  the 
wliole  decidedly  basic.  It  has  l)een  objected  to  this  arrangement  that  the 
so-called  plagioclase  felspars  are  in  reality  very  distinct  minerals,  with 
proiwrtions  of  silica,  ranging  from  43  to  69  per  cent. ;  soda  from  0  to  12 ; 
and  lime  from  0  to  20.^  But  the  state  of  minute  sulxlivision  in  which 
the  minerals  occur  in  most  massive  rocks,  makes  the  determination 
of  the  speeies  of  felspar  so  difficult  that  the  term  plagioclase  is  of  great 
Bcrvice,  as  at  least  a  provisional  term  under  which  to  unite  the  fels}>ars 
that  crystallize  in  triclinic  forms.  In  addition  to  the  felspar- rocks, 
there  nnist  be  noted  those  in  which  felspar  is  either  wholly  alwent  or 
si>aringly  present,  and  where  the  chief  i>art  in  rock-making  has  been 
taken  l)y  nepheline,  leucite,  olivine,  or  serpentine. 

From  the  jxdiit  of  view  of  internal  structure,  a  classification  based 
upon  microscopic  rcHcarch  has  l)een  adoi)ted  l)y  some  petrographers, 
\\\\i\  rec(»gnise  tlirec  leading  types  of  micro- structure — Granular^  Par- 
phi/riiic  and  Glassy,     A  inore  elaborate  system  has  ])een   proposed   by 

'  Dana,  Am^r.  Jour.  8ci.  1878,  p.  432.  See,  on  tlie  Piibject  of  the  retention  of  tho 
ii'YWi  »•  plrtiriocliise,"  Bonnoy,  f,Vo/.  Marf.  1879,  p.  200.  TIjo  modem  methoils  of 
Hi'par.Uini;  tin*  f<l.spar8  riMnove  some  of  the  difticnlty  nbove  rt»ferretl  to. 
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MM.  Fouque  and  Michel-Levy,  who  pointing  out  that  most  eruptive  rocks 
are  the  result  of  Buocessive  stages  of  crystallization,  each  recognisable 
by  its  own  characters,  affirm  that  two  phases  of  consolidation  are 
specially  to  be  observed,  the  first  marked  by  the  formation  of  large 
crystals  which  were  often  broken  and  corroded  by  meclianical  and 
chemical  action  within  the  still  unsolidified  magma ;  the  second  by  the 
formation  of  smaller  crystals,  crystallites,  &c.,  which  are  moulded 
round  the  older  series.  In  some  rocks  the  former,  in  others  the  latter  of 
these  two  phases  is  alone  present.  Two  leading  types  of  structure  are 
Tccognisod  by  these  authors  among  the  eruptive  rocks.  1.  Granitoid, 
where  the  constituents  are  mainly  those  of  the  second  epoch  of  consoli- 
dation, but  where  neither  amori)hous  magma,  nor  cr^^stallites  are  to  l)e 
seen.  This  structure  includes  three  varieties,  (a)  the  granitoid  proper. 
Laving  crystals  of  approximately  equal  size ;  (6)  pegmatoid^  where  there 
lias  been  a  simultaneous  crystallization  and  regular  arrangement  of  two 
constituents;  (c)  aphitic^  in  which  the  felspars  are  ranged  parallel  to  one 
of  their  crystalline  faces,  forming  a  kind  of  transition  into  microlithic 
Tocks.  2.  Trachytoid,  distinguished  by  a  more  marked  contrast 
Itetween  the  crystals  of  the  first  and  second  consolidation,  the  usual 
j^reaence  of  an  amorj)hous  magma,  and  the  fluxion  structure.  Three 
varieties  are  named :  (a)  peirosiliceow,  with  trains  and  spherulites  of  a 
finely  clouded  substance  characteristic  of  the  more  acid  rocks ;  (h)  micro- 
Jithicy  characterised  by  the  abundance  of  microliths  of  felspars  and  other 
minerals ;  (c)  vitreouSj  derived  from  the  two  foregoing  varieties  by  the 
predominance  of  the  amorphous  paste.  ^ 

It  is  common  to  introduce  a  chronological  element  into  the  classifica- 
tion of  the  massive  rocks  and  to  divide  them  into  an  ancient  (Paleozoic 
and  Mesozoic)  and  modem  (Tertiary  and  recent)  series.  Certain  broad 
distinctions  can  doubtless  be  made  between  many  ancient  and  luodeni 
eruptive  rocks ;  but,  for  reasons  already  stated,  it  seems  inexj^edient,  in 
the  present  state  of  our  knowledge,  to  employ  relative  antiquity  (wliich 
must  be  determined  by  a  totally  distinct  branch  of  geological  inquiry,  and 
may  be  erroneously  determined)  as  a  basis  of  petrographical  arrange- 
ment.* 

L  Felspar-bearing  Series. 

a.  Orthooloso-Rocks. 

1.  QcABTziFEROCs. — In  tliis  fumily  the  silicic  acid  has  been  in  such  excess  as  to 
separate  out  abundantly  in  tbo  form  of  free  quartz.  Sometimes,  as  in  granite,  it  has 
not  assumed  a  definitely  crystallized  form,  but  is  moulde<l  round  the  other  crystals 
as  a  later  stage  of  consolidation.  In  other  rocks  (quartz-porphyry,  A'c.)  it  occurs  as  a 
product  of  earlier  consolidation.  It  often  assumes  perfect  crystullographic  contours, 
occurring  even  in  double  pyramids.  The  texture  of  the  rocks  is  (1)  crystalline-granular 
(granitoid)  aa  typically  developed  in  granite;  (2)  porphyritic  (trachytoid),  as  in  quartz- 
porphyry  or  felsite ;  (3)  vitreous,  as  in  pitchstone. 


'  *  Mineralogie  Micrographique,'  p.  150. 

*  For  a  recent  tabular  arrangement  of  tlio  massive  ((TUptive)  rooks  and  critirul 
remarks  on  their  classification,  see  lioscnbuaeli,  Ntm-H  Jalirh.  1SS2,  ii.  p.  1. 
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Gkamafe  —X  -iuaBtmifaLY  T?ntnilinn  ■nanaiT  unwiaiint  4f  UifK.  aioA,  ftnd 
rti»rtft,  n  j*rriri#*  ti*  :itif*Biiu9^  -mifinni  «bel  T!ie  iihyii  »  dttd^  vUle  or  pink 
irrlinefjMi^.  vu  iTrJinia  :Himm  •lu^nr'iiw  loi  libiib,  mgy  »nifaL  W  liii lul  in  ananer 
iiiftntiKv.  'mifi#»nrt<*  fimnemiiffUHiie  ly  :iM!ir  ±i»  ittzBOint  ■■£ 
.i4>«-7Ti^Hni'  IT  Mir  iiAPfiinaric  w  ^^v^L  3»  'iut  lmMiiiiMinlIli>1inr  'if 
'i^*ftiunn\  Thp  Aim  saf  ^  -tidusr  diu  MOifc.  fsniBivte^ 
T'iir»*  «i'.*4*r*  iHOM^ .  IF  mtv  'ifRJanirn  liiiiifB  {matsmBMB,  ainsaV< 
r  M  •.'trniumii?  turfe  'imvvn  ir  luiek.  Tbii  '^nrci  mv'  hn  'liwuiiijii  ft» 
)fiwr*i  ^r  Aiupui  'mooini^  tnimil  riit*  ifiuir  aiezMam.  Only  in 
'ri  -.!•*  •nmiyAfUMu:  aiiu*s?ui»  irrnr  ia  isiienimbaifi  ii*>nrd»Esn0icmteifwaal  tbetv^  too  tlie 
v't^-MA*^  .tiin<»mii«  ''vrTjL  jiiwz,  ^TriH"  £iRU?r.  ^>.   apt  •fftortfr  6«mI. 

^.r\ni  X  wuKmmwf^ui  ■fTjwimacon  -if  smnttf,  is  wm  tfiBnarihr  ■ftnni  tkni  the  reek 
m(#  ^  !duuwi*|*i  '.f  trfHttnini^  -tcnetinB?.  wisft.  vi  -UMwifMa^m  cnaki-BnaL  ww  microiropic 
■4iki>»  ii*  ;ia7  k^mi  AR£w*en  cw  ii  jif  tfy  'ir  •'rv--fttiiixatt  infiTiinilk  Xcw  recent  and 
»t.iaftv«eiT4  ««iif^  -f^  zhi^.  ^nfrMWf.  ofiwtv!*!:.  Bw-  inl  »*•  t&«  «HM£mMi  tliAt  though 
irAuti^  l.^  *  ttaRribt.  ''.r  <vi>it  povp&TRCn*.  2mii»£-anv  «nia  b«  «icte«ted.  there  \»  yet 
w;!iii^^«i^M  "^iM'i^m.i-v^^  «&  xiM£a^i«ft  kiiiil  if  fOBBefir  •rrT'fCiIEEsp  OBasvA.  in  vhidi  the 
«77«Q«4U  '*p  •tri^ArfLTU  'i^jrji  -.f  A«  nek  we  CBCieliM.  aj»i  12  vhieh  they  aie  partially 
<4.iiiw/rjtyj  Wn'stkr  n^pad  tf»  Ihe  icftuiaBi  Wf  wn  ttu  ma^^mi^  and  its  enclosed 
Mi^«^fccii»«  M.  ]f mM-I>t7  ho*  ^ilitngJ  tka  MBemwsfir  nwinntioo  fioints  to  a 
4  «ehieirA  1s«ii<9Mn  i^nailea  in  vkiih  tbe  <|aaiiz  it  iMie  icccat  than  the  other  oon- 
•ciiMib^j*  aorl  kM  erjflMiidalai  at  oaee.  a»d  Aooe  in  which  tiboe  aie  lyaina  of  earlier 
U'%fjfMmvhd  'inartz.  He  dirt^nsnaihf*  iheae  two  «fiei  na  (A)  Anrieni  gmniteit, 
»tHt$yf*M  *A  }A»itk  Lkka,  hrjfnblende.  digqelnae.  sbnI  oithoelaae.  fonaing  a  ery«taIlino 
iU'i^'tM  «^0AfUfl  in  a  more  ree«nt  ajvtalCne  masoM  of  ofthodaae  and  qaartz.  (B) 
l'*fr\AijTffA  $rrvu'iUA,  geoerallj  finer  in  crain  than  the  pffeeedii^.  and  farther  difttin- 
rnhAiM  \/y  the  oeenrrence  of  U-pjiamidal  eryatals  of  qaartz  (vhieh  made  their  appear- 
utni^i  }Mw«i^m  the  old  felqiar  and  the  leeeat  offthorlaMX  and  of  a  notable  quantity  of 
wUlUt  utUim  Crare  among  the  ancient  gianitei)  po4erwr  in  ailvent  ervn  to  the  more 
r<^^<t  quartz,' 

Atwntu  the  comprment  minerals  of  granite,  the  qnarti  piesents  special  iuterest 
tfr*/l«f  tb<;  rniTONcofie.  It  \*  often  found  to  be  foil  of  caritiea  containing  liquid, 
>^fiit*^in»iTn  \n  Hncli  nnmbenf  as  to  amount  to  a  thousand  millions  in  a  cabic  inch  and  to 
i(tvtt  a  to f Iky  turbid  aspect  to  the  mineral.  The  liquid  in  these  cavities  appears  usually 
t/f  )t*i  wtiUif  ifvintaifiiiig  sodium  and  potassium  chlorides,  with  sulphates  of  tliese  metals 
Mild  fif  f'flldum  (p.  101). 

TIk;  m«,'an  of  alevan  analyses  of  granites  made  by  Dr.  Haugbton  ga?e  the  following 
fivrniK<!  r/itnpr>fiition :  silicA,  72 '07;  alumina,  14-81;  peroxide  of  iron,  2*22;  potash, 
Ti'll  ;  n^irbi,  2'7{l;  lime,  l'«3;  raagneBia,  0-33;  los?*  by  ignition,  109;  total,  10005, 
with  tt  mean  NjKtriflc  gmfity  of  2*6G. 

Most  largo  utnnHL'M  of  granite  prenciit  difiercnceti  of  texture  in  different  parts  of  their 
tirfu.  In  imrlUMiIiir,  they  are  apt  to  bo  traversed  by  veinsr,  sometimes  due  to  a  segregn- 
ii'iti  of  till!  Nurmiinding  mihoralH  in  rents  of  the  original  pasty  magma,  Bometimes  to  a 
|iro(rUHioii  of  a  Ichh  cosrHcIy  crystalline  (felHitie)  part  of  the  gnranitio  mass  into  fissures 
of  tlip  niiin  ntck  (Fig.  21).  Home  of  the  more  important  of  these  varieties  aredistin- 
KiiUhnrl  l>y  f«|N>cial  nnmee.  Thus  where  the  component  minerals  assume  largo  pro- 
iHirtlofiN,  with  atondonoy  to  an  orientation  of  their  longer  axes  in  ouo  general  direction, 


'  Oil  thn  Ntriirturo  of  gmnito,  sco  the  manuals  of  Zirkcl  and  Roscnbusch  and  the 
inotiioirs  tlirro  oitinl;  qIko  ZirkePs  'Microscop.  Petrography,*  1876,  p.  39;  PhiUi|is, 
(/  J.  (irttt.  StH*.  xxxi.  p.  JWW:  xxxvi.  p.  1.  J.  C.  Ward,  op,  cit.  p.  509 ;  and  xxxii.  p.  1. 
Klim'n  •HystiMiuitlr  (irology,'  (vol.  i.  of  Explor.  40th  Parallel),  p.  Ill,  et  wy.  Micliol- 
l.ivy^  lUil).  Siir,  (M)/.  Fmtief,  Snl  scr.  iii.  p.  190.  Rosenbuach,  Z«<«*.  Deuftirh,  Qi^, 
a*^U,  xxvlll.  (!H7«5).  |».  JW9.  H.  Mohl.  Nyt.  Mag.  Nat.  xxiii.  p.  1,  et  /»«?.  J.  I^hmnnn, 
Allkrynt.  H«'hloforgtwt<'ino;  1884,  p.  3. 

'  null  N.i»'.  <M»/.  Frfiwrr'.  3r.l  sor.  iii.  (187r>),  p.  li»0. 
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SBtheyBTeqmouUjapt todoinBetTegRtion-veii)B,the  rock  ia termed  Pegmatite,  Uie 
qnutt  and  felnp&r  tuinng  cijatallizeil  together  in  maasei  often  larger  than  a  man's 
hemd,  tlio  mien  tXao  uiiuuing  the  ihape  of  plates  scTerol  incbcBor  even  feet  in  diameter. 
Such  coMwe  gniued  varietici  may  be  foand  hero  and  there,  in  tcdous  or  caveraoue 
■parcel^  in  the  heart  at  maaj  ordinorj  granites.  One  of  the  most  interesting  structnral 
Tarietietii*  theformofpcgiiMtite  termed  Graphic  Grnnite,  in  which  tlie  orientation 
of  theqaartiand  felqar  ia  ungnlarlj  irell  developed.  Thoqnartzlms assumed  the  t^kpe 
of  long  imiwrfwt  oolmnnar  sbelU,  plaooil  parallel  to  eaph  other  and  enclosed  within  tho 
nrtboclate,  so  th»t  %  truufsru  section  beaie  Bome  resemblance  to  Hebrew  writing. 
The  two  minends  hkTc  ct^stAlIiEed  together,  with  their  piineipal  axes  pnmllei.  ThiH 
fltrurtnre,  whioh  af^ieani  usually  to  Iihto  tnken  phiee  iu  veinn,  seems  (o  show  that  (hero 
onnbl  \\ntf  be™  little  or  no  inl^mnl  mnvonient  of  theso  \e\n*  wlien  the  eoiii|)oncnt 


'Uiiiii'Ci 


minemlii  oiuiiimeil  their  cryrrtnlline  foniif.  Here  and  tiiero,  nii  Piample  may  be  fnnnil  of 
n  Kntiiit*>  bcoiiiiuft  line-gmiiied,  bnt  containing  larfn:  Hmtlrre^l  Iclspar  eryntiil''.  Sneli 
n  rock  maj  Ix!  termed  a  jnrphijrilir  grnuile  (nee  Gmnophyre).  Shiic  jtrauileH  abonnd  ill 
•  ncliuied  cryiitalline  eoneretions or  fragniimts.  Thew ere  RomctinvM mere I'ei.'rogalioiMor 
ih>^  iiiatcriMLi  of  llic  Rninite,  when  they  are  nsiially  ovoid  in  form  and  porpliyritie  in 
■•trnniiri' ;  in  other  cawK,  tliey  nrc  fmgiiienln  of  other  roi-ka,  and  nre  then  eommonty 
FK-biniiw  in  stnietiiR  and  irregular  in  form.'  In  the  crnlrc,  es  well  tw  roirnil  the  eilj,Ts 
•if  larKC  IvnnicH  of  granite,  tliu  uiineralu  oeeastonally  osatimc  a  more  or  lens  ix^rfeclly 
M'hiat'ne  arranf^ienient.  When  this  takes  plnco,  tlie  roek  is  nilled  gneiHSooe  or 
^'nei«s  ;rrftnitc.    (Se«  Book  IV.  Piirt  VIl.J 

Differences  intheproportionsornntnreof  the  coni|Minont  niineralrt  have  likewise  kuj- 
ifv-tiildistinotiveniunci'.    Of  them?  the  following  nre  the  more  imporintit ;  Granit  ile. 


I  J.  A.  Pliilliiw,  Q.  J.  I 
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— a  mixture  of  pink  ortlioclaao  and  abandant  oligoclasc,  with  a  little  qnartz,  iome 
blackirih  green  magnesia-mica  and  occasionally  with  hornblende  or  angite;  Proto- 
gine-grauit e— consisting  of  ortlioolase,  oligoclase,  hexagonal  tables  of  a  daik  green 
mica,  and  a  pale  green  diffused  mica  (or  chlorite)  occurs  among  the  crystalline  rocks 
of  the  Alps;  Syenite-granite  (hornblende-granite)— a  rock  with  horableiide 
added  to  the  other  normal  constituents  of  granite,  and  usually  poorer  in  quarts  than 
normal  granite,  derives  its  name  from  8yene  in  Upper  Eg3rpt,  whence  it  was 
obtained  anciently  in  large  blocks  for  obelisks  and  other  architectural  works.  The 
well-known  Egyptian  monoliths  are  made  of  it  Syenite-granite  is  found  in  the 
Yosgcs,  in  Bohemia,  in  the  Pyrenees,  and  in  different  parts  of  Scotland,  notably 
ill  masses  of  tertiary  age  which  have  invadc<l  and  altered  the  Lias  rooks  of  Skye 
and  Itaasay.  It  there  sometimes  assumes  a  porphyry-structure.  Tourmaline 
granite — a  granitito  with  disseminated  tourmaline.  Oreisen — a  granitic  rock 
from  which  the  felspar  has  disappeared,  found  in  some  granite  districts,  especially  in 
those  wherein  mineral-veins  occur.  Under  the  name  GranuUte  M.  Michel-Ldvy 
includes  certain  fine-grained  granites  with  white  mica,  which  to  the  naked  eye  i^pear 
to  be  composed  entirely  of  felspar  and  quartz,  or  of  felspar  alone,  though  both  miea 
and  quartz  appeor  in  abundance  when  the  rocks  are  microscopically  examined.  He 
includes  in  this  category  most  of  the  rocks  of  the  Alps  described  as  **  protogine." 

Surrounding  large  masses  of  granite  there  are  usually  numerous  veins,  which  consist 
BometimoB  of  granite,  and  sometimes  of  varieties  of  quartz-poiphyry.  There  can  be  no 
doubt  that  these  porphyritio  protrusions  really  proceed  from  the  crystalline  granite  mass 
LoHsen  has  shown  that  the  Bode  vem  in  the  Harz  has  a  granitoid  centre,  with  compact 
I)orphyry  sides,  in  which  ho  found  with  the  microscope  a  true  glassy  base.'  Sometimes 
tiio  rocks  associated  in  this  way  with  granite  differ  in  composition  from  the  main  granite. 
Tourmaline  is  one  of  the  characteristic  minerals  of  granite-veins,  though  less  observable 
in  the  main  body  of  the  rock ;  with  quartz,  it  forms  Schorl-rook. 

Granite  weathers  chiefly  by  the  decay  of  its  felspars.  These  are  converted  into 
kar»lin,  the  mica  becomes  yellow  and  soft,  while  the  quartz  stands  out  soarcely  affected. 
Tlio  granite  of  the  south-west  of  England  has  weathered  to  a  depth  of  50  feet  and  upwards, 
so  that  it  can  be  dug  out  with  a  spade,  and  is  largely  used  as  a  source  of  porcelain-day. 

Granite  occurs  (1)  as  an  eruptive  rock,  forming  huge  bosses,  which  rise  through 
other  formations  both  stratified  and  unstratifled,  and  sending  out  veins  into  the  surroimd- 
ing  and  overlying  rocks,  which  usually  show  evidence  of  much  alteration  as  they 
approach  the  granite ;  (2)  connected  with  true  volcanic  rocks  (as  in  the  case  in  Skye 
just  cited)  and  forming,  perhaps,  the  lower  portions  of  masses  which  fiowed  out  at  the 
surface  as  lavas ;  and  (3)  in  the  heart  of  mountain-chains  and  elsewhere,  interbedded 
with  gneiss  and  other  metamorpliio  rocks  in  such  a  manner  as  to  suggest  that  it  is  itself 
a  final  stage  of  metamorphism.  Granite  is  thus  a  decidedly  pluUmic  rock ;  that  is,  it 
has  consolidated  at  some  depth  beneath  the  surface,  and  in  this  respect  differs  from  the 
8ui)erficial  volcanic  rocks,  such  as  lavas,  which  have  flowed  out  above  ground  from 
volcanic  orifices. 

Granophyre  (Granite-porphyry)— a  rook  composed  of  a  compact,  but  thoroughly 
crystalline  (microgmnitic)  base,  tlirough  which  are  porphyritically  dispersed  crystals  of 
felspar,  mica,  and  quartz  (often  doubly  terminated).  Among  the  constituents  of  tho 
finely  granular  base,  hornblende  and  augite  occur,  and  as  they  are  commonly  mom  ot 
loss  decomposed  (chlorite)  they  impart  a  characteristic  dirty  green  tint  to  the  rook. 
This  rock  forms  a  link  between  the  granites  and  quartz-porphyries.  Its  quartz  and 
orthoclase  contain  gloss  inclusions,  though  nothing  of  a  vitreous  nature  occurs  in  the 
crystalline  base.'    Elvan  (jehanite)  is  a  Cornish  term  for  a  crystalline-granular  mixture 


*  ZeHfch.  Dentach.  Gtol.  Gtf.  xxvi.  (1«74)  p.  850. 

*  Zirkel,  *  Mic.  Petrography,'  p.  60.  Kosenbusch,  Ztifach.  Deutttch.  Gfoi.  Ges.  xxviii. 
(1876)  p.  387.  Kalkowsky,  Neues  Jahrh.  (1878)  p.  276.  Michd-lA'vy.  Bull  Sor,  GM. 
Franre,  iii.  3rd  sen  p.  205. 
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of  quartz  and  orthoclase,  forming  veins  which  ])rocccd  from  granite,  or  occur  only  in  its 
neighbourbood,  and  are  evidently  associated  with  it.^ 

QiiAl*tB-Forphyi7(Quartz-felsite,  Euritc).^— Under  this  title  arc  included  several 
▼arieties  of  rook  whicli  agree  in  consisting  fundamentally  of  a  very  fine-grained  fdsitic 
giDund-maas,  oompoBed  mainly  of  orthochuse  and  quartz.  Whore  the  minerals  ore  partly 
crystallized  in  conspicuous  porphyritic  forms  tlie  rock  is  a  qmtrtzjwrjyhyry  (feUHe- 
porpkjfrtf,  euriie);  where  the  whole  mass  is  more  homo>gcneous  and  flinty  in  texture  it  is 
%feUUe  fxtfdtUme. 

Qoartz-porphyry  is  oompoeod  of  a  compact  ground-masH,  through  which  arc  diriporscd 
erytftala  or  crystalline  blebs  of  quartz,  and  crysttvls  of  orthochisc,  sometimes  of  a  tricliuic 
felsimr,  mica  or  hornblende.    Though  to  the  eye,  in  fresh  8i>ccimen8,  the  ground-mass 
often  appean  homogeneous  and  almost  flinty  in  texture,  it  generally  presents  under  tlio 
mkrvoeoopo  the  microfelsitic  structure  already  described  (p.  110).    Sometimes  the  base 
is  found  to  be  distinctly  glossy ;  in  other  cases  it  appears  partly  glassy  and  partly  micro- 
felsitic ;    while  occasionally,  it  ossimies  a  microcrystalline  character,  even  sometimes 
recalling  the  structure  of  a  fine  grained  granite  (Granophyrc).    Itcautifid  examples  of 
spberulitic  structiuro  are  occasionally  to   be  oliser\'cd.    In  some  ciMcs,  the  stnicture 
oonaista  of  true  spherulites  composed  of  a  homogeneous  substance  with  internal  fibrous 
radiating  arrangement,  and  presenting  a  black  cross  between  crossed  Nicol-prisms.    In 
other  cases,  the  substance  of  the  concretions  is  of  a  microfelsitic  nature  with  less  definite 
external  forms  (felsospherulitesX  or  it  is  composed  of  miorocrystuUine  material  (grano- 
i^hemlites).'    Fluxion-structure  is  well  developed  among  some  quartz-porphyries,  and 
may  oocasiooally  be  observed  in  the  same  rock  with   the  spherulites.    Where  this 
stmcture  has  been  highly  developed,  the  rock  has  sometimes  acquired  a  kind  of  streaky 
and  even  fissile  character. 

The  quartz  occurs  in  imperfect,  occasionally  corroded,  crystals  or  blebs,  but  some- 
times in  ]ierfcct  doubly-terminated  pyramids,  varying  in  size  from  minute  forms  only 
disoeniible  with  the  microscope,  up  to  crystals  as  large  as  a  bean.  It  abounds  with 
liquid  inclusions.  The  orthoclase  takes  the  form  of  more  or  less  complete  crystals, 
not  seldom  twinned ;  the  contour  which  its  cross  sections  present  to  the  eye,  depending 
U|)on  the  angle  at  which  the  individual  crystals  are  bisected.  It  is  chiefly  the  dispersed 
orthoclase  which  gives  the  distinctively  porphyritic  aspect  to  the  rock.  Triclinic  felspar 
(believed  to  be  usually  oHgoclase)  also  takes  a  place,  distinguishable  when  fresh,  by  its 
fine  lineation,  but  apt  to  become  dull  and  kaolinized  by  weathering.  Mica  and  horn- 
blende are  among  the  most  common  of  the  minerals  which  accompany  the  two  essential 
constituents,  while  apatite,  map^etito,  and  pyrite  are  not  infre(|uent  accessories. 

The  flesh-red  quartz-porphyry  of  Dobritz,  near  Meissen,  in  Saxony,  was  found  by 
Rentzsch  to  have  the  following  chemical  composition: — Silica,  76-1)2;  alumina,  12-89; 
potash,  4  •  27 ;  sotla,  0  •  68 ;  lime,  0  -  08 ;  magnesia,  0  •  98 ;  oxide  of  iron,  115;  water,  1  -  97 ; 
total,  99 -a*, — specific  gravity,  2*49. 

The  colours  of  (iuartz-]K)rphyry  depend  chiefly  upon  those  of  the  felspar, — flesh-reil, 
nddish-brown,  purple,  yellow,  bluish  or  slnte-grey,  and  even  white,  being  in  different 
places  characteristic.  The  presence  of  much  niica  or  hornblende  gives  dark  grey, 
brown,  or  greenish  tints.  It  will  be  observeil  in  this,  as  in  other  rocks  containing  much 
felspar,  that  the  colour,  besides  dei)ending  on  the  hue  of  that  rainend,  is  greatly  regu- 
lated by  the  nature  and  stage  of  decom]K)sition.  A  rock,  weathering  externally  with  a 
pole  yellow  or  white  crust,  may  be  found  to  be  quite  dark  in  the  C4jntral  undecaved 
portion.    Besides  ihoite  difit'rcnces  of  oHi>eot,  arising  from  varieties  of  colour,  grouud- 

*  J.  A.  Phillips,  Q.  J.  Gvol.  Soc.  xxxi.  p.  331.  Michel-I^vy,  BnU.  Soc.  (u'lH.  France,  iii. 
:5nl8cr.  p.  201. 

'  Zirkel,  "Microscop.  Pctrog.*'  p.  71.  See  jjarticularly  Hosenbuscli,  **  3Iik.  rhvg.'  ii. 
p.  50. 

*  Lessen,  ZeiUrh.  Deuhch,  GvuK  Oatf.  xxviii.  p.  409.  See  also  Quart.  Journ.  Gtol, 
•Smt,  xxxix.  p.  315. 
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inaBU,  &c.,  diBtinctioDS  are  to  be  obsenred  according  to  the  relative  abundance  and  dzo  of 
the  felspar  crystals,  and  tlie  preseucc  of  micti  (niicdceous  quartz-porphyry),  hornblende 
(ttornhlendie  quartz-porphyry)^  pyroxene  (pyroxenic  qnartz-porpliyry)^  or  other  acceAwry 
ingredient.  When  the  We  is  very  compact,  and  the  felspar-crystals  well-defined  and 
of  a  different  colour  from  the  biisC)  the  rock,  as  it  takes  a  good  polish,  may  be 
used  with  effect  as  an  ornamental  stone.  In  popular  language,  such  a  stone  is  daaaed 
with  the  •*  marbles,''  under  the  name  of  **  porphyry." 

F  e  1  tf  i  t  e  (Felstono,  Petrosilex),  a  hard  an<l  excetwively  comiMict  fliuiy-like  rock, 
comiK)sed  of  an  intimate  mixture  of  cjuartz  and  orthoclase.  The  ground-mass  presents 
under  the  ndcroscropc  a  stnicture  like  that  of  quartz-porphyry,  into  which  felsile 
naturally  pusses  by  the  api>oaninco  of  the  iwrpbyritic  minerals. 

The  Quartz-i)orphyrie8  and  Felsites  occur  (I)  with  pliitonic  rocks,  as  eruptive  bosses 
or  veinn,  often  iissoeiated  with  granite,  from  which,  indeed,  as  above  stated,  they  nuiy  be 
wen  to  proceed  directly;  of  fre<|uent  occurrence  also  as  veins  and  irreg^arly  intruded 
niatteK?8  among  highly  eonvolut<Ml  rocks,  csiieciully  when  these  have  been  mere  or  less 
uietamorphosed ;  (2)  in  the  chimnc?ys  of  old  volcanic  orifices,  forming  there  the  "  nock  " 
or  plug  by  which  a  vent  is  filled  up ;  an<l  (.S)  as  truly  volcanic  rocks  which  have  been 
erupted  at  the  surface  in  the  form  of  flows  of  lava,  either  (a)  submarine,  as  in  tho  Lower 
Silurian  felstones  of  Wales,*  and  the  south-c>tist  of  Ireland,  or  Qi)  subaerial,  as  probably 
in  the  quartz-porphyry  of  the  Isle  of  Arran,  and  perhaps  in  the  series  of  •*  green-slates 
and  porphyries "  of  the  Silurian  system  in  Cumberland,'  which  Professor  Kamsay  has 
conjectured  to  be  the  products  of  a  subaerial  volcano.  These  eruptive  rocks  are 
abundant  in  Britain  among  formations  of  Lower  Silurian,  Old  Bed  Sandstone  and  Lower 
Carboniferous  age.  In  the  Inner  Hebrides  they  overlie  and  alter  the  Jiunssio  rocks. 
Thoy  were  jtoured  out  on  a  great  scale  during  Permian  and  early  Triassto  times  in 
Westphalia  and  the  Thuruigor  Wald. 

Liparite — (Rhyolite,  Quartz-trachyte),  a  rock  composed  of  a  comi^act  or  fino-graineil 
ground-mass,  containing  crystals  of  sanidine,  quartz,  black  mica,  and  hornblende,  with 
fre<£uently  triclinic  felspar,  tridymite,  augito,  apatite,  or  magnetite.  This  rock  has  a 
clo^e  relationship  to  the  quartz-i)orphyries.  Considerable  diversity  exists  in  its  texture. 
Frequently  it  is  finely  cavernous,  the  cavities  being  lined  with  chalcedony,  quartz, 
aunethyst,  jasi>or,  &e.  Some  varieties  arc  coarse  and  gninitoid  in  character.  Inter- 
mediate varieties  may  be  obtained  like  the  quartz-porphyries,  and  these  ixass  by  degrees 
into  more  or  loss  distinctly  vitreous  rocks.  Throughout  these  gradations,  however, 
which  uuiy  represent  different  stages  in  the  crystallization  of  an  original  molten  glass, 
a  characteristic  groimd-mass  can  be  seen  under  the  microscope  having  a  glassy,  enamel- 
like, i)orcellauous,  microfelsitic,  or  sometimes  even  a  microgram  tic  character,  with 
characteristic  spherulitic  an<l  fluxiou  stnicture.  In  the  quartz,  glass-inclusions,  having 
11  dihexahedral  form,  may  often  be  detected ;  but  liquid  inclusions  are  absent.  An 
analysis  by  Vom  Kath  of  a  rhyolite  from  the  £uganeau  Hills  gave — silica,  76 '03; 
alumina,  13-32;  soda,  5*29;  potash,  3*83;  protoxide  of  iron,  1*74;  magnesia,  0*80; 
lime,  0-85;  loss,  0*32;  total,  101*  68,— specific  gravity,  2  553. 

Liparite  is  an  acid  rock  of  volcanic  origin  and  late  geological  date,  which  in  more 
recent  times,  has  played  a  part  similar  to  that  of  the  granitic  and  felsitio  rocks  of  older 
IK.'riods,  though  it  has  not  been  yet  observed  as  a  product  of  any  still  active  volcano.  It 
forms  enormous  masses  in  the  heart  of  extinct  volcanic  districts  in  Europe  (Hungary, 
Euganean  Hills,  Iceland,  Lipari),  and  in  North  America  (Wyoming,  Utah,  Idaho, 
Oregon,  California).' 

N  e  V  a  d  i  t  e — a  variety  of  rhyolite  nameil  by  Bichthofeu  from  its  development  in 
Nevada,  and  characterise<l  by  its  resemblance  to  granite,  owing  to  the  abundance  of  its 


*  J.  C.  Ward,  Q.  J.  (Jcul.  Nw,*.  xxxi.  p.  309.  The  felbite  of  Aran  Mowddwy  cuutuius 
83*8  i)cr  cent  of  silica.  -  J.  C.  Wartl,  op.  cit.  p.  400. 

»  On  liparite  or  rhyolite  sec  Zirkel,  *  Micro.  Petrog.*  p.  103.  King,  *  Explor.  40th 
l*arallel,'  vol.  i.  p.  006. 
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purphyritac  oiy<ta]«,  and  the  relatively  Hmall  aiuouut  of  ground-maKH  iu  wliich  they  are 
imbedded.  The  granitoid  aspect  is  external  only,  as  the  ground-muHts  is  distinct,  and 
varies  fhnu  a  holo-ciystalline  character  to  one  with  uhaudaut  glutw,  and  the  texture 
ranges  from  dense  to  porons.* 

Among  the  qnartauferons  rocks  above  enumerated  a  distinct  gradation  can  Home- 
times  be  traced  from  a  ci3r»ta11ine  granitoid  structure  into  a  |)orphyritio  mass  with 
charaoteristic  ground -mass.  Among  tlic  porphyritic  varieties  also,  trao^s  can  be  detected 
of  a  TitreooB  base,  indicative  of  the  rocks  having  once  exi8tc<l  as  glass.  The  vitreous 
<.*omiM>undii  are  placed  together  at  the  end  of  iho  non-<|uartziferous  group  (pp.  115-1 47)* 
2.  QuAKTZLSSS,  OB  FOOR  IN  QuARTZ. — In  this  group,  frci^  quartz  is  not  found  as  a 
marked  constituent,  altiiough  occasionally  it  occurs  iu  some  quantity,  as  microscopic 
osiuuinatioa  has  shown  in  the  ease  even  of  some  rocks  where  tlic  mineral  was  formerly 
lnslicvctl  to  be  absent.  A  range  of  structure  is  displayed  similar  to  that  in  the  quartzi- 
fftroiis  seri<rs.  The  thoroughly  crystalline  varieties  are  typil!(}<l  by  syenite,  which 
ivpreg^ents  the  granites  of  the  quartziferous  ro<*ks,  those  Avliich  i»os8eHM  a  jwrphyritic 
^^nnd-mass  by  orthociase-pori)hyry  and  trachyti',  answering  to  quartz-i>orphyry  and 
liparite,  while  the  vitreous  orthoclase-rocks  may  represent  the  glassy  condition  of  both 
tlM  ((osftziferons  and  qnartzless  group. 

Syenite. — ^This  name,  formerly  given  iu  England  to  a  granite  with  hornblende 
Ti'placing  mica,  is  now  restricted  to  a  rock  consisting  essentially  of  a  crystalline-granular 
luixtnre  of  orthoclase  and  hornblende,  to  which  plagioclase,  biotite,  augito,  or  magnetite 
may  be  added.  The  word,  first  used  by  Pliny  in  reference  to  the  rock  of  Syene,  was 
introdaced  by  Werner  as  a  scientific  designation,  and  a]>plied  to  the  rock  of  the  Plauen- 
scher-Onmd,  Dresden.  Werner  ofterwards,  however,  made  that  rock  n  greenstone.  The 
liase  of  all  syenites,  like  that  of  granites,  is  thoroughly  crystalline,  without  an  amorphous 
ground-mass. 

'  The  typical  syenite  of  the  Plauenscher-Grund,  formerly  described  us  a  coarse-grained 
mixiore  of  flesh-coloured  orthoclase  and  black  hornblende,  containing  no  quartz,  and 
with  no  indication  of  plagioclase,  was  regarded  as  a  normal  orthoclase-homblende  rock. 
Microscopical  research  has,  however,  shown  that  well-striated  triclinio  felspars,  as  well 
as  quartz,  occur  in  it.  Its  composition  is: — silica,  59*83 ;  alumina,  IG'85 ;  protoxide  of 
Iron,  7-01;  lime,  4  "43;  magnesia,  2*61;  potash,  G-57;  soda,  2*44;  water,  &c.,  1  •  21) ; 
total,  101  •  03.    Average  specific  gravity  2  •  75  to  2  •  IH). 

8yenite,  while  always  thoroughly  gninitio  in  stnioture,  varies  in  texture  from  coarse 
granular,  where  the  individual  minerals  can  readily  be  distinguished  by  the  naked  eye, 
to  compact.  Among  its  accessory  minerals  of  common  occorrence  may  be  mentioned 
titanite  (sphene),  quartz,  apatite,  epidote,  orthite,  magnetite,  pyrite,  zircon.  U'he  pre- 
dominance of  one  or  more  of  tlie  ingredients  has  g^ven  rise  to  the  separation  of  a  few 
varieties  under  distinctive  names.  In  the  typical  syenite,  the  dark  silicate  is  almost 
wliolly  hornblende;  where  this  mineral  is  replaced  by  augite,  as  iu  the  well-known 
rock  of  Monzoni,  the  rock  is  termed  Augite-syenite  or  Monzonite;  where 
brown  mica  predominates  it  gives  rise  toMica-syenite  or  Minette. 

Syenite  occurs  of  many  difierent  ages  from  early  Puloiozoio  up  to  Miocene,  under 
conditions  similar  to  those  in  which  granite  is  found ;  it  has  been  erupted  in  large 
irregular  masses,  espacially  among  metamorphic  rocks,  as  well  as  in  smaller  bosses  and 
veins.  It  is  likewise  sometimes  associated  with  syenitic  granite,  quartz-porphyry,  and 
other  orthoclase  rocks  at  the  roots  of  volcanic  hills,  as  in  Kaasay,  Skye  and  Antrim, 
where  it  has  penetrated  Jurassic  rocks,  and  is  itself  probably  of  older  Tertiary  age. 
Elaeolite-sycnite  (Nepheline't^yenitt)  is  a  granitoid  rock,  characterised  by  the 


'  Hague  and  Iddingn,  Aimr.  Jouni,  jSci.  xxvii.  (1884)  p.  IGl.  Tliese  authors  iVia- 
tiugiiish  between  Ncvadite  and  Lii>arile,  the  latti'r  being  chanicterise<l  by  the  suiuU 
uuQiber  of  porphyritic  crystals  embedded  in  a  relatively  large  amount  of  ground- nitihH. 
which,  as  in  Nevadite,  may  l>o  holo-cryst^illine  or  glas8y.  They  also  distinguibli 
lUhoiial  RhytjlHe  and  Hyaline  HhyoUte  as  additional  varieties. 
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asHOciation,  of  tlio  variety  of  ncphcline  known  as  elaeolite  with  orthoclatic,  and  wiUi 
minor  proportioiiM  of  plagioclase,  miorocline,  borublende,  angitc,  biotitc,  sodalite,  zircon, 
and  spheue.  It  is  distinguished  by  the  mre  mincrabt,  upwards  of  fifty  in  number,  which 
it  contains,  and  in  which  some  of  the  rarer  elements  are  combined,  such  as  thorium, 
yttrium,  cerium,  lanthanum,  ttintalum,  niobium,  zirconium,  &c.  It  is  typically 
developed  in  Southern  Norway  (Brevig,  Laurvig).  Where  zircon  enters  as  an  abundant 
constituent  the  rock  is  known  as  Zircon-syenite.  Foyaitois  the  name  given  to 
a  hornblendic  variety  found  at  Mount  Foya,  Portugal;  Miascite  is  a  variety  with 
abundant  mica,  found  at  Miask ;  D  i  t  r  o  i  t  e,  containing  socialite,  spinel,  &c.,  occurs  at 
Ditro  in  Transylvania. 

Orthoclase-Forphyry  ((^uartzless-porphyry,  Orthophyre)  Btinds  to  the  syenites 
ill  the  same  relation  that  quaHz-porphyry  does  to  the  granites.  It  is  composed  of  a 
compact  porphyritio  ground-mass,  with  little  or  no  free  quartz,  but  through  which 
arc  usually  saittered  numerous  crystals  of  orthochise,  sometimes  also  a  triclinic  felspar, 
black  hornblende  and  glancing  scales  of  dark  biotitc.  It  contains  from  55  to  65  per 
cent,  of  silica,  thus  differing  from  quartz-poq)hyry  and  felsito  in  its  smaller  proportion 
of  this  acid.  Except  by  chemical  or  microscopical  analysis,  however,  the  distinction  must 
often  be  difficult  to  establish  between  the  fine  compact  felsites  and  tlie  orthoclaso 
porphyries,  especially  when  the  latter  (as  the  microscope  shows)  contain  free  quartz. 
The  term  *' syenite-porphyry,*'  sometimes  given  to  this  rock,  should  be  retaincMl  for 
the  microgranitoid  varieties,  which,  among  the  quartzless  orthoclaso-rocks,  would  thus 
represent  granite-porphyry  in  the  quartziferous  series.  Orthoclase-porphyry  occurs 
in  veins,  dykes,  and  intrusive  sheets.  Probably  many  sonralled  felstones,  whether 
occurring  as  lavas  or  as  intrusive  masses,  among  the  older  Palffiozoio  fonuations  are 
really  orthoolase-porphjTries.  Homo  highly  micaceous  varieties  have  been  called 
1^1  i  c  u  - 1  r  a  p — a  terra  under  wliich  have  also  been  included  Minettes,  Micaceous  Quartz- 
iwrjihyrics,  &c.    (See  Diorite,  p.  148,  and  Kersantite,  p.  150.) 

The  orthocla6e-pori)hyry  of  Pieve  in  the  Vicenlin  was  found  by  Von  I.4isau1x  to  have 
Iho  following  composition.  Silica,  01*07;  alumina,  18*5G;  peroxides  of  iron  and 
nmnganeso,  2 -GO;  potash,  G'83;  soda,  3*18;  lime,  2 '80;  magnesia,  1*18;  carbonic 
acid,  1*30;  loss,  2*  13— specific  gravity,  2  •59.* 

Orthoclase-porphyry  is  largely  developed  among  the  later  I'alieozoic  fonuations  of 
Thuringia,  the  Harz,  Saxony,  and  the  Vosges,  occurring  both  intrusively  in  dykes,  and 
intercalated  in  large  beds.  The  orthophyres  of  Puy  de  Dome  and  the  Loire  are  acoom- 
panied  by  tuffs  and  breccias. 

Trachsrte- — a  term  originally  applied  to  modem  volcanic  rocks  possessing  a 
characteristic  roughness  (t/kix^s)  under  the  finger,  is  now  restricted  to  a  compact 
l>orphyritic  rock  consisting  essentially  of  sanidine,  with  more  or  less  triclinic  felsjiar, 
usually  with  hornblende,  bioiite,  and  magnetite,  and  sometimes  with  angitc,  apatite, 
and  tridyiuite.  It  is  thus  distinguished  macroscopically  from  liparite  or  quartz-trachyto 
by  the  absence  of  quartz.  Microscopically  it  is  to  be  discriminated  from  that  rock  by 
the  absence  or  feeble  development  of  the  microfclsitic  substiince,  so  abundant  in  liparite, 
and  by  the  i>rcix)ndemting  aggregate  which  it  presents  of  minute  colourless  felspar- 
microliths,  with  usually  needles  and  granules  of  greenish  hornblende  and  much  ditTusetl 
nia^rnctito  <lust.  The  sanidine  crystals  present  abundant  steam-pores  and  glass-iiicln- 
siony,  as  well  as  homblende-niicroliths  and  magnetite.  In  some  varieties,  the  ground- 
mass  appears  to  bo  entirely  composed  of  niicroliths ;  in  others,  minor  degrees  of  devitrifi- 
cation can  be  trawMl,  until  the  groun<l-mass  passes  into  a  perfect  glass  (obsidian).     The 


'  Zt:H>*ch.  DttitMch.  (icol.  Ges.  xxv.  p.  320.  On  *' mica -traps,*'  sec  Bonuey,  Q.  J. 
(ifol.  Soc.  XXXV.  p.  1(>5. 

-  On  trachyte,  sec  Ziikel,  'Micro.  Petrog.*  p.  14u.  King  in  vol.  i.  of  *Explor.  lOth 
Pandlel,'  p.  578.  On  the  relative  ago  and  classiticatiun  of  Hungarian  trachytes,  Sztib«s 
Zrifitrh.  J)en(it('h.  (noi  (icf.  xxix.  p.  (535,  oud  *  Coniptc  reud.  Congrcs  internntionalc  de 
(;e()lngi.' '  (1,S7S),  Pari.s,  ISSO. 
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traehytes  of  HnDgary  ha?e  been  grouped  as  AugUe-tradhyte^  Amphihole-trachyU^  and 
Biotitetraehifte,  Another  clasdfioation,  proceeding  on  tlio  nature  of  their  predominant 
feUpaihie  constiluent,  ranges  them  as  Anorthite-iraehyte,  Labrador-trachyte,  Oligoclase- 
Irtuhjfie,  and  Orthoge-trachyte.  Average  composition  of  Trachyte: — silica,  00*0-64*0; 
alumina,  17*0;  protoxide  and  peroxide  of  iron,  6* 0-8*0;  magnesia,  1*0;  lime,  3*5; 
soda,  4*0;  potash,  2*0-2*5.    Average  specific  gravity,  2  *  65. 

Trachyte  is  an  abundantly  diffused  lava  of  Tertiary  and  Po8t«tertiary  date.  It 
oocora  in  moit  of  the  volcauic  districts  of  Europe  (Siebengebirge,  Nassau,  Transylvania, 
Bay  of  Naples,  Euganean  Hills) ;  and  in  the  Western  Territories  of  the  United  States.' 
It  ooctUB  also  in  New  Zealand. 

Domiie  (so  name<l  from  the  Puy-de-D6me)  is  a  porous  loosely  aggregated  traoliyte, 
having  a  miciolithic  ground-moss,  through  which  are  dispersed  tridymite,  sanidine, 
plagioclase,  hornblende,  magnetite,  biotite  and  s^iecular  iron. 

Fhonolite  (Clinkstone)  * — a  term  suggested  by  the  metallic  ringing  sound  emitted 
by  the  fresh  compact  varieties  when  struck,  is  applied  to  a  compact,  grey  or  brown, 
quartzleas  mixture  of  sanidine  and  nepheline,  with  hornblende  and  usually  nosean. 
Under  the  microscope,  the  ground-mass  is  not  vitreous  or  half-dcvitrified,  but  appears  as 
a  crystalline  aggregate  of  plates  of  sanidine  and  hexagonal  prisms  of  nepheline,  with 
Ittfl  frequent  crystals  of  leucite,  hornblende,  augite,  magnetite  and  hauyne.  The  rock  is 
rather  subject  to  decomposition,  hence  its  fissures  and  cavities  are  frequently  filled  with 
zeolites.  An  average  specimen  gave  on  analysis — silic^^  57*7;  alumina,  20*G  ;  potash, 
6-0;  soda,  7*0;  lime,  1*5  ;  magnesia,  0*5 ;  oxides  of  iron  and  manganese,  3*5 ;  loss  by 
ignition,  3*2  per  cent.  The  specific  gravity  may  be  taken  aa  about  2*58.  Phono! ite  is 
sometimes  found  splitting  into  thin  slabs  which  can  be  used  for  roofing  purposes. 
Occasionally  it  assumes  a  porphyritic  texture  from  the  presence  of  large  crystals  of 
sanidine  or  of  hornblende.  When  the  rock  is  partly  decomposed  and  takes  a  somewhat 
porous  texture,  it  resembles  trachyte  in  appearance. 

Like  trachyte,  phonolite  is  a  thoroughly  volcanic  rock,  and  of  Tertiary  date.  It 
occurs  sometimes  filling  the  pipes  of  volcanic  orifices,  sometimes  as  sheets  which  have 
been  poured  out  in  the  form  of  lava-streams,  and  sometimes  in  dykes  ond  veins,  as  in 
Bohemia  and  Auvergnc. 

3.  Ctla86Y  Obthoclase  Rocks. — These  arc  found  associated  with  iwrphyrios, 
trachytes  and  phonolites,  and  represent  the  vitreous  condition  of  eruptive  rocks  belonging 
probably  to  both  the  quartziferous  and  qunrtzless  groups. 

PitchBtone  (Rotinite) — a  vitreous,  pitch-like  rock,  easily  frangible,  tmnslnceut  on 
thin  edges,  having  usually  a  black  or  dark  green  colour,  that  ranges  through  shades  of 
*;reen,  brown,  and  yellow  to  nearly  white.  It  is  essentially  an  orthoclose  rock,  and  may 
be  regarded  as  the  natural  glass  resulting  from  the  rapid  cooling  of  some  of  the  more 
^mmular  or  crystalline  orthoolaiio-rocks,  such  as  the  quartz*porphyric8  or  felsites.  Ex- 
aiainod  microscopically,  it  is  found  to  consist  of  glass  in  which  are  diffused,  in  greater 
or  less  abundance,  hair-like  microliths,  angular  or  irregular  grains,  or  more  definitely 
formed  crystals  of  orthoclose,  plagioclase,  quartz,  hornblende,  augite,  magnetite,  &c.  The 
pitchstone  of  Corriegills,  in  the  island  of  Arran,  presents  abundant  green,  feathery,  and 
(lendritio  microliths  of  honiblende  (Fig.  9).'  Occasionally,  as  in  Arran,  pitohstono 
a«sumes  a  sphcrulitic  or  })erlitic  structure.  Sometimes  it  becomes  porphyritic,  by 
the  development  of  abundant  sanidine  crystals  (Isle  of  Eigg).    Some  petrographcrs 


'  It  woulil  appi'or  that  much  of  what  has  been  regarded  as  trachyte  in  Western 
America  is  andesito,  consisting  essentially  of  plagioolase,  and  not  of  sanidine.  Tho 
D(>rmal  trachvtes  are  now  described  as  homblende-miea-audesitos,  and  tho  augitc- 
tnichytes  are  bypersthcnc-augite-andesites,  most  of  tho  rest  being  docites,  and  some  of 
thciu'rhyoliteH.'    Hague  and  Iddings,  Amer.  Joum.  8ci  xxvii.  (1884)  p.  456. 

'  Boricky,  *  Petro*n«ph.  Stud.  Phonolitgestein.  B<">hniens.' — Arrhir  Landettdurch- 
ptTHihing  BOhnien,  1874.  G.  F.  Ftihr,  "Die  Phonolite  des  Hegau*8,*'  Verh.  Phys.  Med. 
Ge..  Wurzhurg,  xviii.  (1888). 

'  Sec  F.  A.  Gooch,  Min.  MUiheil  1876,  p.  185.    Allport,  Ocol  Mag.  1881,  p.  438. 
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disfciDguish  tlieorctically  between  feUite-pUduftone  and  traehyte^iehsUmej  but  the  dis- 
tinction rests  upon  no  essential  peirographical  differences.  An  average  spocimen  of 
pitcbstone  gave  on  analysis— silica,  70 -G:  alumina,  15-0;  ])otasli,  I'G;  soda,2'4;  lime, 
1*2;  magnesia,  O-G;  oxides  of  iron  and  manganese,  2*0;  1oj<s  by  ignition  (partly 
waterX  6*0.    3fean  speciiic  gravity,  2*34. 

Fitclistonc  is  found  as  (1)  iutnisive  dykes,  veins,  or  bosses,  probably  in  dose  con- 
nection with  former  volcanic  activity,  as  in  the  case  of  the  dykes  which  in  Airan 
traverse  Lower  Carboniferous  rocks,  but  are  probably  of  Miocene  age,  and  those  which 
in  Meissen  send  veins  through  and  overspread  the  younger  Pulfsozoic  felsite-por^^yries ; 
(2)  slieets  which  have  flowed  at  the  surface,  as  in  the  remarkable  moss  forming  the 
Scuir  of  Eigg,  which  has  filled  up  a  river-channel  of  Miocene  age.* 

Obsidian — a  volcanic  glass,  representing  the  vitreous  condition  of  a  sauidine-roek 
(trachyte,  liparite,  or  phonolite).  Tt  externally  resembles  botUe  glass,  having  a  perfect 
conchoidal  fnicture,  and  breaking  into  sbar])  Hplinters,  somi-transiHurcnt  or  trandncent 
at  the  edges.  Its  colours  arc  black,  brown,  or  greyish-green,  rarely  yellow,  blue,  or  ted, 
but  not  infrequently  streaked  or  banded  with  i)aler  and  darker  hues.  A  thin  slice  of 
obsidian  prei)ared  for  the  microscope  is  found  to  be  very  palo  yellow,  brown,  grey,  or 
nearly  colourless,  and  on  being  magnified,  shows  that  the  usual  dark  colours  are  almost 
always  produced  by  the  ijrescnce  of  minute  opaque  crystallites,  which  present  them* 
selves  as  black  opaque  IrichiteH,  sometinU'S  beautifully  arranged  in  eddy-like  lines  show- 
ing the  original  tluid  movement  of  the  rock  (Fig.  12);  also  as  rod-like  transparent 
microliths.  They  occasionally  so  increase  in  abundance  as  to  make  the  rock  lose  the 
aspect  of  a  glass  and  assume  that  of  a  dull  flint-like  or  enamel-like  stone.  This  deritri- 
iication  can  only  be  properly  studied  witli  the  microscoiie.  Again,  spherulites  of  a  dull 
grey  enamel  appear  in  some  parts  of  the  rock  (^Spherulitic  OMdian)  so  abundantly  as  to 
convert  it  into  pearlstone.  These  spherulitic  enclosures  may  be  observed  in  Lipari  in 
great  abundance,  drawn  out  into  layers  so  as  to  give  the  rook  a  fissile  structure,  while 
steam-  or  gas-cavities  likewise  occur,  sometimes  so  hirge  and  abundant  as  to  impart  a 
cellular  aspect.  The  occurrence  of  abundant  sanidine  crystals  gives  rise  to  Porplkyritie 
Obsidian,  Many  obsidians  arc  coarsely  cellular,  from  the  presence  of  large  steam- 
vesicles,  and  pas8  into  pumice.  Now  and  tlien,  tlic  sieam-pores  arc  found  in  enormous 
numbers,  of  extremely  minute  size,  as  in  an  obsidian  from  Iceland,  a  plane  of  which, 
about  one  square  millimetre  in  size,  has  been  estimated  to  inclnde  800,000  pores.  The 
average  chemical  composition  of  obsidian  is — silica,  71*0;  alumina,  18*8;  potash,  4*0; 
soda,  5*2;  lime,  I'l;  magnesia,  0*0;  oxides  of  iron  and  manganese,  8*7;  loss,  O'G 
(little  or  no  water).  Mean  specific  gravity,  2-40.  Obsidian  occurs  as  a  produdt  of  the 
volcanoes  of  late  geological  periods.  It  is  found  in  liipari,  Iceland,  and  Teneriffe ; 
in  North  America,  it  has  been  erupted  from  many  points  among  the  Western 
Territories ;  it  is  met  with  also  in  New  Zealand.' 

Ferlite  (Pearlstone),  is  not  so  much  a  distinct  rock-species  as  a  peculiar  condition 
of  some  originally  vitreous  rocks,  especially  of  obsidian  and  pitcbstone.  It  consists,  as 
its  nnmo  indicates,  of  enamel-like  or  vitreous  globules,  occasionally  assiuning  polygonal 
forms  by  mutual  pressure.  These  globules  sometimes  constitute  the  entire  rock,  their 
outer  portions  shading  off  into  each  other,  so  as  to  form  a  compact  moss ;  in  other  oases, 
they  are  separated  by  and  cemented  in  a  compact  glass  or  enamel.  They  consist  of  sac- 
cessive  very  thin  shells,  which,  in  a  transverse  section,  are  seen  as  concentric  rings,  usoally 
full  of  the  same  kind  of  hair-like  crystallites  and  crystals  as  in  obsidian.  (Fig.  12.)  As 
these  bodies  both  singly  and  in  fluxion-streams  traverse  the  globules,  the  latter  may 
])e  conjectured  to  be  a  stmcture  developed  by  contraction  in  the  rock,  duiing  its  con- 
solidation, analogous  to  the  concentric  spheroidal  structure  seen  in  weathered  basalt 
(Fig.  22.)    Occasionally  among  these  concentrically  laminated  globules  are  found  true 


»  Quart.  Joum.  Geol  Soc.  1871,  p.  808. 
*  On  Obsidian,  see  Zirkel,  *  Micro.  l*etrog.' 
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■pbernliU*  where  tlie  intenud  itraoture  it  lodiating  tlbtoas.  A  prcdaniinanco  of  thcM 
bodies  foraij^pAmJAK;  PtirliYe  or  Bphorulite-iook.    (Fig.  23.) 

The  rock  to  which  the  name  PerKte  lias  been  mote  specially  applied  ia  Dmrkedl]' 
acid,  ita  peroentage  of  lilica  nnKiDg  between  TO  6  and  82-8,  nud  its  averoga  specitii- 
tnarity  betwMO  2'37  and  2'4G.  It  occurs  rooet  ronejiiaaoaslj  in  Haogatj,  where 
it  takes  the  form  of  lava  Btreaioa  proceeding-  from  old  trachyte  Tolcnnoes;  nbn 
among  the  Gnf^nean  Hilli,  Ponza  iHlandB  and  Aaceneion.' 

Pamloe  (Ponca,  Bimatein)  — a  general  term  for  tho  looae,  spongy,  cellalar, 
fllamentona  or  froth-Hko  parfs  of  lavaa.  Ho  distinctive  is  this  atrurtare,  tliat  the  tenn 
pKaKcoMbascomeiDtogeneralueo  todeseribeit.  There  can  be  no  doubt  that  lhiaA«tli- 
like  rock  owe«  its  poooltarity  to  llie  abundant  escape  of  etoam  or  gaa  through  iU  moss 
while  itill  in  a  itale  of  foaion.  Microscopic  examioadon  revealB  a  gloss  crowded  with 
raonnoD*  numbers  of  miunto  gas-  or  Tapour-cavitios,  usually  drawn  out  in  one  direction, 
alao  abnndant  crystallites  like  those  of  obsidian.  In  the  great  inujority  of  caaos,  pumice 
ia  a  form  of  the  obiidians,  possessing  a  percentage  of  silica  from  ^S  to  74,  and  a  apeeiflo 
^nvity  of  2'0  to  2->'i3,  though,  owing  to  its  porous  nature,  it  possesses  grent  buo}-ancy 
•od  readily  Hoata  on  water,  drifting  on  the  ocean  to  ilislAncc:*  of  many  hundreds  of  miit-H 
fmoi  land,  until  the  cells  are  gradually  flilo'l  with  water,  nben  the  floating  mnsscR 


sink  In  the  bottom.'  Abundant  mundcd  blocks  of  pomice  were  drcilged  np  by  tbo 
OutUrngrr  ftoni  the  floor  of  the  Atkntiu  and  Pacirte  Ocenns.  At  Hiiwnii,  some  of  tlio 
lja.tic  pyroieiiic  or  olivine  lavas  give  rise  to  n  pumiceouH  frolb. 

b  Plogioelnso-Tlorks. 
The  rrx'kH  of  liii^  division  arc  of  all  a<>es  up  to  tlie  present  time.  They  consist 
>«iFDlinlly  of  name  Iriclinic  felspar  tii  whicli  one.  more  usually  scveriil,  other  silicatoa 
ut-  aildi^l.  Ah  a  rule,  tlicy  are  basic  compounds,  tliough  in  a  few  nf  them  free  quartz, 
ts  au  nriginol  conslituent,  can  he  dotcctod  with  or  wit)iout  the  mLcroscoi>e.  lu 
ilTQcture.  Ihey  prus<-nt  a  range  similar  to  that  of  tlie  ortlioelase  rocks.  Some  of  llicni 
ire  IhorrnigblT  cry!it;dlino  {dioritc),  Ihougli  tlicy  never  attain  (ho  coarsenens  of  toxtnre 
■hicli  la  often  reoclicl  by  granite.  Many  of  thorn  ate  characteriHtically  porphyritic 
(porphjritoX  while  in  tome  coses,  tbey  assume  a  completely  vitreous  texture  (laehylile). 


IW  I»w<T  Silurian  laTBH  of  North  Wales.     Op.  c 

*  <>n  porosity,  hyilraliou,  and  flotation  of  pnmiec 
wppl.  (1871)  p.  177. 
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Tbcy  mBy  bo  amiTigixl  in  Rroiipe,  Bo«>nliag  «a  the  pi«domiD»nt  minoTBl  aflsr  the 
fclipar  is  liornblcndc,  mien,  Rugite,  or  dioUa'.'e. 

1.  PLiQioc'LAaK-lIoiiSBLmiiK-(oBMic?A)BocKB, — Slorito  (GrcenBtonp  in  jitut)' — 
a  crvBtollinO'gTKuiildT  nggrcg&tc  of  »  tridinic  felspar  anil  hornblende,  aaually  with 
ina^ctito  aud  apatite,  soinetimtB  with  augite  or  mien.  The  proportiona  bttwt.'en  tlie 
fcUp^ir  and  liomblcndo  vary  so  ^eaiXj  na  tn  f^iTC  rise  to  conBiilerablo  differrnm  in  the 
colour  and  conipiwition  of  the  roc'k.  Tho  fuUpnr  whon  fresh  i<howB  its  twin  lanclla- 
tions,  but  is  rrtqucntly  tinted  grran  (from  dnmupMition  of  tbo  horoblenilo),  and  more 
or  lcB«  (tocsycd.  The  hornblende  \i  dark  fjcea  or  black,  with  vitrcoua  Instrr  on  the 
rlravago  plitnpB  when  fresh,  bitt  apt  to  deeompoao  nnd  to  give  rise  to  Mcondary 
prwluctg,  Bueh  Rs  epiJote  and  ehlorite.  The  apatite  ocenrs  in  fine  noedlei,  neually  onlr 
iliBcomible  under  the  luierosrope.  Tlii^re  is  rommmily  no  trace  of  an;  bMe  Wtween  tlte 
iiigrt'dionb)  of  tho  rock,  whieh  thus  presents  a  thoroughly  rry.taUine  or  graiiituid  atnic- 
tore.  AvernRo  cliomical  composition:  silica,  TA;  aluuiiin,  IG'O-lSj  potanh,  1-5-2-9: 
soda,  2-3 ;  limn,  G-7'5;  raagnosia,  G'O;  oxides  of  iron  and  manganese,  10-11 ;  mmn 
specific  gravity  about  205. 

Among  tho  TDricties  of  Diorite  the  following  may  bo  enumerated.  Qnarti- 
diorite,  containing  free  quartz,  usually  only  to  be  detects  by  mieronoopic  einmina' 
t'lun,  Aplinnite  (Aphnnitie  diorite)  an  cxeeedingly  eompaet  roi-k,  in  whieli 
the  component  minerals  aro  not  mncroscopienlly  dintinguishablc.  A  rariety  mntoin- 
ing  dispersed  rrystala  of  felupar  or  liomlilende  in  tenreil  Diorito-porphyry. 
Corsito  is  n  granitoid  mixtoreof  greyish-white  anortliile,  blackiidi-greon  hornblende 
and  Home  qnortz,  which  here  and  there  hare  grouped  thamselTCS  into  globular  aggre* 
gations(Ujb;cular  diorite,  Kngeldinrit,  Kapoleonite).  Micadiorite 
contains  abundant  dork  inieo,  whiob  uiny  even  locally  replace  the  hornblende 
(soo  KrrMnfiU,  p.  150}  ;  Epidiorito,  with  fibrous  homhieade,  augite,  titanifetouH 
iron,  msgnetitc,  and  pyrite;  Tonalite,  a  variety  eontaining  quarts,  hornblende  and 

Diorite  occurs  aa  an  eruptive  rock  under  oonditions  aimilnr  to  those  of  qnnrti* 
porphyry  aud  syonito.  It  is  found  among  Palsjozoievolconic  regions,  oa  in  North  Wales, 
ill  "  neck  "-liko  masses  whieh  may  mark  the  position  of  somo  of  the  voleanir  oriDces  nf 
eruption.  It  occurs  also  in  a&jociatiou  with  granite  and  the  crystnlline  sehiiits,  in  suck  a 
manner  as  aomctimes  to  si^ggest  that  it  waa  erupted  previous  to  the  process  by  whieh 
liic  surrounding  strata  were  metamorphised  into  eohists  (sec  p.  120). 

Sooite — eouipoHed  mainly  of  plngioclaw.  qiutrtz  and  mica,  with  a  varying  amount 
of  aanidine  as  an  aeccgsory  ooustitncnt,  and.  by  addition  of  hornhlendo  and  pyroxene, 
graduating  into  homhlendc'amleaito.  The  ground-nia»i  has  n  fclaitie,  sometimea 
■phcruhtic,  glasKv,  or  finely  grannlar  base.  CompoKitiun:  silica,  GO-SG;  alumiuai,  IG-S3; 
iron  oxides,  24I:  lime,  317;  magnesin,  IM;  alkalies,  708;  water,  0-45.  Hean 
spi-eifle  gravity, -2-GO.  Tliis  roek  i«  extensively  deveteiied  in  the  Gteat  Basin  and  other 
tracts  of  we»tem  Xorth  America  among  Tertuir>-  and  recent  volcanlo  ontbnrala, 

Horablende-AndeBite'consJals  of  a  triclinic  felspar  and  hornblende,  often  wtth 
a  liltle  annidiiic.  The  ground-mass  ig  frequently  quite  erystalline,  or  ahmn  a  w^H 
proportion  of  a  felailio  natun>,  witli  wicroliths  and  gtannle*.  Sometimea  dtstinoUr 
e-ry  stall  ill  e,  sometiiiies  eitrenicly  eompoct,  almost  vitrconi^  It  eontabiR  rrvrilali  nf 
lilagioeloB.'  (andcsine),  hornblende,  augite,  and  rarely  Muidine,  with  not  ivr'.-  ,>!..i,ily 

'  On  iliorite,  its  slroctuii^  and  geological  relations,  eoii«>)li  li 
plulonie  rocks  bv  lie  la  Vultee  Poussin  aud  A.  Beiiard,  JU,in.  .laur 
llehretis,  X,  net  J.tlirl..  Mill.  IS 71,  p.  460;  Zirkel. '  MicrosnTT 
riiillijw,  Q.  J.  G"'t.  S-ir.  xxxii.  p.  15.1,  and  xxiiv,  p.  i71-  * 
the  constitution  ofsnnic  of  the  " greonstouei  "  of  tin-  ■■'■i 
out.    Many  of  tliese  aneient  rocliB  ore  then  shniv^  '' 
<'hanjn:  of  thiir  original  augite  into  honhlen'* 

=  t<oo   /irkel,  '  MirroBCOpienl  Petr"- 
ParaJle!;  p.  :.Ci.     Hague  and  Iddiu- 
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biotite,  apiUite,  and  tridymite,  imbedded  in  a  batio  composed  of  an  aggregutc  of 
oolonrleas  felspar-microliths  and  grains  of  magnetite.  Composition,  silica,  61*12; 
alomina,  11*61;  oxides  of  iron,  11*64;  lime,  4*33;  magnesia,  0*61;  potash,  3*52; 
soda,  8*85 ;  ignition,  4*35. 

Homblende-andesite  is  a  volcanic  rock  of  Tertiary  and  post-Tertiary  date  found  in 
Unngaij,  Tiansylyania,  Siebengebirge,  and  in  some  of  the  Western  Territories  of  the 
United  States.  According  to  recent  researches  by  Messrs.  Hague  aud  Iddings, 
gradations  from  this  rock  into  basalt  and  hypersthene-andesite  can  be  traced  in 
Oallfomia,  Oregon  and  Washington.  These  rocks,  therefore,  cannot  be  said  to  have 
sharply  defined  and  distinct  forms.^ 

Hornblendo-Mioa-Andesite. — ^Under  this  name  is  now  classed  by 
American  petrographers  a  frequent  variety  of  rock  throughout  the  Great  Basin, 
characterised  by  the  vitreous  appearance  of  its  felspar,  its  rough  porous  trachyte-like 
groond-mass,  and  the  presence  of  mica  as  an  essential  constituent  This  term  will 
iuclade  a  large  |»roportion  of  the  rooks  hitherto  classed  as  trachytes,  but  in  which  the 
felspar  proves  to  be  plagioclase  and  not  sanidine.' 

Propylite— a  name  given  by  Richthofen  to  certain  Tertiary  volcanic  rocks  of 
Hungary,  Transylvania  and  the  Western  Territories  of  the  United  States,  consisting  of 
a  triclinic  felspar  and  hornblende  in  a  fine-grained  non-vitreous  ground-mass,  and 
closely  related  to  the  Homblende-andesites.  They  are  subject  to  considerable  altera- 
tion, the  hornblende  being  converted  into  epidote.  Some  quartziferous  propylites  have 
been  described  by  Zirkel  from  Nevada,  wherein  the  quartz  abounds  in  liquid  inclusions 
containing  briskly-moving  bobbles,  and  sometimes  double  enclosures  with  an  interior  of 
liquid  carbon-dioxide.'  A  specimen  from  Storm  Canon,  Fish  Creek  Mountains,  gave 
silica,  60*58;  ainmina,  17*52;  ferric  oxide,  2*77;  ferrous  oxide,  2  *  53 ;  manganese,  a 
trace;  lime,  3*78;  magnesia,  2*76;  soda,  3*30;  potash,  4*46;  carbonic  acid,  a  trace. 
IjOss  by  ignition,  2*25;  specific  gravity,  2*6-2*7.  More  recent  investigation  by  the 
geologists  of  the  Geological  Survey  of  the  United  States  has  led  them  to  conclude 
that  the  rocks  included  under  the  term  *'  propylite  "  in  the  western  parts  of  America 
arc  varieties  of  other  species  in  various  stages  of  decomposition — granular  diorite, 
pori)liyritic  diorite,  diabase,  quartz-porphjTy,  hombleude-audesite  and  augite-audesite. 
Should  this  prove  to  be  the  case  elsewhere  also,  the  nume^iyill  bo  distised.^ 

Porphyrite, — This  term  may  be  used  as  the  designation  of  rocks  which,  consisting 
C:jsentially  of  some  triclinic  felspar,  show  a  true  porphyry  ground-mass,  containing 
crystals  of  plagioclase,  with  hornblende,  magnetite  or  titaniferous  iron,  augito,  or  mica. 
Thus  defined,  these  rocks  correspond,  in  the  plagioclase  series,  to  the  orthoclase- 
porphyries  and  felsites  of  the  orthoclase  series.  Their  texture  varies  from  coarso 
crystalline-granular  to  exceedingly  close-grained,  and  passes  occasionally  even  into 
vitreous.  Porphyrite  is  a  volcanic  rock  very  characteristic  of  the  later  Palseozoic 
formations,  occurring  there  as  intcrstratified  lava-beds,  and  in  eruptive  sheets,  dykes, 
veins,  and  irregular  bosses.  In  Scotland  it  forms  masses,  several  thousand  feet  thick, 
erupted  in  the  time  of  the  Lower  Old  Red  Sandstone,  and  others  of  wide  extent,  and 
several  hundred  feet  in  depth,  belonging  to  the  Lower  Carboniferous  period.  In 
Germany  it  appears  also  at  numerous  points,  where  it  is  referred  to  later  Pal«eozoic 
times. 


*  Amer.  Journ.  ScL  Sept.  1883,  p.  28^. 

«  Hagne  and  Iddings,  Amer.  Journ,  8ci.  xxvii.  (1884),  p.  4G0. 

»  Zirkel's  *  Microscopical  Petrography,'  p.  110.  King,  •»  Explanation  of  40tli  Paral- 
lei,"  vol.  i.  p.  545.  C.  E.  Button's  '^High  Plateaux  of  Utah"  {U.S.  Oeographicaland 
Gtdogieal  Survey  of  the  Uoclcy  Monniainti),  chaps,  ill.  and  iv.  Hague  and  Iddings, 
Amer,  Journ.  Set.  1883. 

*  G.  F.  Becker  on  the  Couisiock  Lodo.  licjioriA  of  U.S.  Geological  Survey  1880-81, 
and  his  full  memoir  in  vol.  iii.  of  the  Monograph  of  U.S.  Oeol  Survey  (1882).  Hague 
and  Iddinga,  Amfr.  Journ.  Set,  xxvii.  (1884),  p.  454. 
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Turphyritc  foniis  a  connocting  liuk  botweuu  tliu  plagioclasc-honibleDdo  rocks  and 
thu  plagioclaac-uugiU*  »erii>:3.' 

2.  rLA(ii<KLAs«E-3iioA  liucKft?. — Kersantite— an  aggregate  of  a  plugioclaso  felspar 
and  black  mien  witli  apatite,  augito,  lioinblcude,  ortliocla^c  and  occatiioually  quartz. 
The  toxtiiR'  id  compact  tu  porpliyritic.  This  rock  occurs  in  dykes  and  veint:,  especially 
among  the  Palicozoic  formations,  its  typical  locality  being  Kersauton  in  lirittany,  where 
it  is  a  dark-grcL-n  remarkably  durable  rock.  A  siugnlar  vein  of  kersantite,  3  to  GJ  feet 
bioa<],  lias  1k?cu  traced  for  nearly  live  miles  in  the  Ilarz.' 

3.  PLAt..i«.M.:LASK-Ar(iiTK  Ku('K8. — Diabaso.^ — This  name  has  Ijceu  given  to  certain 
dark  green  or  bhick  orui)tive  locks  found  in  the  older  gcrdogical  fonnations,  and  ciuibist- 
iug  CMientially  of  triclinic  felsjiar,  augit4>,  magnetite  or  titauiferous  iron,  apatite,  sunic- 
timcs  olivine,  usually  with  more  or  less  of  difl'used  grci^nish  chloritic  substances  (viridite) 
whicli  have  resuUwl  frrnu  the  idteration  of  the  augite  or  olivine.  The  microMMpic  struc- 
ture Is  quite  crystal  I  inc.  The  average  eomiiositlon  of  typical  diabase  may  be  Uikeii  to  be 
Kiliai,48-r»0;aluminn,  100;  protoxide  of  iron,  12- 15;  lime,  5-11 :  magnesia,  4  il;  ]intab]i, 
OH-1-5;  so<lii, :;  1-5;  wat<r,  1*5-2.  Specific  gravity  alxait  2 '9.  There  is  generally 
c^irbonic  acid  pa^sent,  luiited  with  soujo  of  the  lime  as  a  decomi)osition  pro<luct. 

Diabase  is  occasionally  coarse  and  even  granitoid  in  texture.^  From  this  cuu- 
dilion  gmdations  may  be  tmcc<l  into  exceedingly  fine-grained  and  conipnct  varieticb 
(I)iabaso-aphanite),  which  sometimes  absnme  a  fissile  character  (Diubus- 
Hch  ief  er).  Some  kinds  present  a  iNjrphyritic  structure,  and  &how  dispersed  crystals 
of  the  component  minerals  (l)i  aba  so -porphyry,  Labrador-porpliy  ry, 
Augite-jjorphyry);  or,  as  in  some  varieties  of  diorite,  a  concretionary  urrange- 
meut  is  i>roduced  by  the  a}>poarance  of  abundant  pea-like  bodies  of  a  eoiniiact  felsitic 
nniterial,  imbeddeil  in  a  conqiact  or  finely  crystalline  ground-mass  (Variolite). 
When  the  green  compact  ground-mass  contains  small  kernels  of  carbonate  of  lime,  some- 
times in  gre.it  numbers,  it  is  calleil  i;alcareuU8  aphanitc  (tr  Calcapliunite. 
Smietiuies  the  rock  is  abundantly  amygdaloidal.  Though,  as  a  rule,  free  bilica 
docs  not  occur  in  it,  some  varieties  have  been  found  to  contain  this  mineral,  and  are 
distinguished  as  Quartz-diabase.  The  presence  of  olivine  Imis  suggesto<l  the 
name  Olivine-diabase  as  distinguished  from  the  normal  kinds  in  which  this 
mineral  is  absent.  A  variety  containing  hornblende  is  termed  Protcrobase. 
O  p  h  i  t  e,  a  variety  occurring  in  the  Pyrenees,  contains  diallagc  and  epidote. 

Diabase  occurs  both  in  contemporaneous  beds  and  in  intrusive  dykes  and  sheets.  It 
was  formerly  supposed  to  be  confined  to  the  older  gi'ological  formations,  while  its  place 
in  Tertiary  and  recent  times  was  taken  by  basalt.  But  some  of  the  Miocene  volcanic 
rocks  of  the  west  of  Scotland  are  as  good  diabase  as  any  among  the  Palaeozoic  formations : 
while,  on  the  other  hand,  many  of  tho  dark  heavy  eruptive  rocks  1)elouging  to  (lie 
('arbonifcrous  system  in  the  basin  of  the  Firth  of  Forth  are  nnqnestionablc  basalts. 
The  main  difiVrence  Ix^tween  diabase  and  basalt  appears  to  bo  that  the  rocks  included 
under  the  former  name  have  undergone  more  internal  alteration,  in  particular  acquiring 
the  diffused  *'  viridite  '*  so  characteristic  of  them. 

Melaphyre.— This  t(»rm  has  been  so  variously  defined  that  tho  sense  in  which  it  is 
used  requires  to  be  explained.  Senft*  described  melaphyre  as  an  indistinctly  mixed 
r(K?k,  dirty  groonish-brown,  or  reddish-grey,  or  greenish  black-brow^n  to  black  ;  hard  and 


'  Sec  an  analysis  of  a  porphyrito  from  the  Vicentin,  Von  Lasaulx,  Z.  Vvut^th.  Gtol. 
ftVx.  XXV.  p.  .-^23.  On  microscopic  structure  of  iwrphyrite  of  llfeM,  see  A.  Streng,  Keutt 
Jdhrh.  1S75,  p.  785. 

-  l.o8s>fii,  Zcitsrh.  JMvtHcJi.  (Uul  (i*:.<.  xxsii.  (1880),  p.  445.  Jiihrb,  Prewf,  Gtd, 
TAin(l(*nnift.  IHiSO.    A.  von  (Jroildeck,  nn.  rit.  l.S8:i. 

»  The  student  will  fijid  in  the  X^-iMin/t  DtuUch,  Geol.  Gei.  1874,  p.  1,  an  importoiit 
memoir  by  Dathe  on  tho  com]iof>ition  and  Btructnre  of  diabaae.  See  also  Zirkel's 
*^Iicroscop.  IVtrog.'  p.  07. 

*  ^[ichel-lievy,  Buli  Soe.  Irivl  Fraui»^  &nl  MC  xi.  p.  282.  Geikie,  Tnw,  Jfov.  Soe, 
Eilln.  xxix.  p.  487.  •  •  Claisifioatiim  4er  PdaorteD,'  1857.  p.  263. 


Part  IT.  §  vii.]  MASSIVE  nOCKS. — MELAPnrnE,  101 

tjii^h  wLen  frosh  (but  also  often  witli  a  pitcLstonc-likc  greasy  lustre,  (^r  like  biisalt),  and 
feLowiu*;  cry&talb  of  reddisli-grey  lubrudorite,  with  magnetic  titaniterouis  iron,  and  usually 
with  uarbonatea  of  lime  and  iron,  and  femiginous  chlorite  (delesuite),  and  a  cryvtallinc- 
gr.iuiilar  or  compact,  earthy,  porphyritic  or  amygdaloidal  texture.  Nuuinanu  dcftneii  melu- 
phyre  as  u  gree&iah,  brownish  or  roddish-bhick  micro-crystalline  or  crypto-crydtallinc, 
fit'ldom  slightly  granular  rock,  with  conspicuous  dispersed  crystals  of  labnidorite,  and  less 
frt-queut  and  diiitiuct  crystals  of  pyroxene,  not  uncommonly  rubellan  or  mica,  but  no 
i|uartz.'  Zirkel  in  his  first  work  called  it  a  generally  cryptocrybtalline,  sometimes 
pirphyrllic,  very  often  amygdaloidal  mixtui-e,  consisting  essentially  of  oligoelase  and 
aiigitu  with  magnetic  iron.-  In  his  more  recent  synopsis  of  the  microscopic  eharucters 
ffroi'ktt  he  admits  the  great  diversity  that  has  prevailed  in  the  use  of  the  term  melu- 
phyre,  und  the  wide  range  of  structure  of  the  rocks  that  have  1x)en  includeil  under  it. 
Hi- rt'ganls  the  melaphyres  as  early  i>recursors  of  (ho  felspar-basalts,  with  but  a  rare 
devi-Iupmcnt  of  a  })urely  crystalline  structure,  and  on  the  contrary  a  prominent  non- 
iniUvldiialisctl  substance  which  may  either  be  abundantly  develoiieil  as  a  base  or  appear 
only  sparingly  ix.'t\veeu  the  crystals,  and  mny  1)0  sometimes  purely  glassy,  sometimes 
li  df-glassy,  and  sometimes  completely  dcvitritied.^ 

Kosenbus<.*h,  aft<T  a  review  of  all  the  previous  literature  of  the  subject,  proiwses  that 
the  term  nielaphyro  sliould  1)0  restricted  to  an  older  massive  rock,  consisting  esiientially 
i«f  plagioclase,  augite,  olivine,  with  free  iron-oxid«;s  and  a  ixjrphyry-bjisc  of  any  btrneturu 
a':d  in  variable  itroiKirtions,  and  belonging  for  tlie  most  part  to  the  age  of  the  Carlxjni- 
r.  rolls  or  older  rcrmian,  less  fret^uently  of  the  Triaasic  formations/  According  to  his 
iirraugt'meut,  the  old  phigioclnsc-augite  r(.K;ks  arc  groui»ed  in  three  sections;  Iht,  the 
granular  i-ection,  ineludiug  (a)  JJialMun',  comjiosed  essentially  of  plagioclase  and  augito, 
a!id('')  OHrintr-diahtitet  composed  of  plagioclase,  augite  and  olivine;  2nd,  the  {lorphy- 
ritic  ;«cction  (with  a  ground-mass),  comprising  (a)  JJtahufc-itorphi/rifc — '.i  diabase  having 
a  jirirphyry  ground-mass,  (h)  Melaphyrey  containing  olivine  in  addition  to  the  idtigiwlase 
ami  augite :  3rd,  the  vitreous  section,  in  which  the  subordinate  glassy  varieties  of  the 
di:il«fle-p  Tphy rites  are  embraced.^ 

The  attempt  to  base  a  classification  of  eruptive  rocks  uihiu  chronological  1  eonsidrra- 
tiiiL-s  lia3  been  fruitful  of  mistakes  by  lca<Ung  to  false  assumption  regarding  the  age  of 
\jut.fm6  ny^ks.  Tl»c  *>called  melnphyre:^,  like  the  dialjases,  do  not  tlilfcr  in  any 
i:?-K:ntial  f«.'alure  of  stnu-ture  or  romposition  from  the  Ixi.saltH.  So  fntin-ly  is  tliis 
liif  r.\si\  that,  as  aljove  remarked,  rocks  now  known  t^)  Ikj  of  Tertiary  date,  have 
h'.*»-n  di.'S'^rilK:'*!  as  melaphyrcs,  while  others  of  liower  Carboniferous  ago  hav»,*  be«n 
Tiiiheiritutinirly  referred  to  as  Ixisalts.* 

Au^te-Andesite  is  the  name  given  to  certain  dark  ernptive  rocks  of  Tertiary  and 
ln.'at-Ttniary  ilate,  which  consist  of  a  triclinic  felspar  (olig<iclase,  or  some  s]>eeii.'M  nitln;r 
riirh»-r  in  silica  than  labradorite)  and  angite,  with  sometimes  sanidine,  hornblcnchr, 
biotiti*.  magnetite,  or  ajHitite,  and  in  wmio  varieties  quartz.  The  ground-mass  is  rc- 
H'lvable  under  the  microscope,  sometim(.-3  into  a  gla^^sy,  sometimes  into  a  more  or  lebs 
(•illy  dev.trific-<l  base,  in  which  grains  or  crystals  of  plagioclax*.  augih',  sunitline,  horn- 
Irleudv,  magnetite,  biotito  and  even  quartz  may  occur.  Tin-  quartz-l>earing  varioti<  .s 
contain  frkm  01)  to  C7  per  c^'Ut.  of  silica,  and  in  this  resiK.'<'t,  as  well  as  in  the  failure  of 
olivine,  are  dt^tiuguisheil  from  thf*  bas3lt<<.  The  average  eoi»ipo>ition  of  the  quartzle.-s 
v;iri».-ti<:-s  Cwhicli  are  likewise  more  acid  than  t'.ie  basidts)  may  Ik.-  thus  given:  silica. 
riTl.'i;  oluaiina,  I'MO;  prot^)xide  of  iron,  i:JO;  lime,  TrTo;  magnesiii,  2'21 ;  pota«h. 
I'^l ;  >*Oila.  :J  S"* :  ni'.-an  specific  gravity,  2-75  '2- Ho. 

A'!-  •     A     !— it'^  orvurs   in   dyke««,    lava-streams,  plateaux,   sheets   and   ncck-liki. 
■  iiS  of  extinct  and  active  voleatiora,  af?  in  'J'nni.-vlva!iia  an<l  Ilniiirarv. 

it'oiii'li  d.  ( reognoiiic,*  i.  p.  5S7.  "  *  IVtri»L'raphi»/  ii.  p.  '.'»J. 

>lii.    Hirsebaflf.'  p.  411.        «  *Mik.  Phy.-iog.'  p.  :;v*2.        -  Op.  rit.  p.  Ml. 
!  .■-,  pp.  115,  137,  150.     S<»e  als«»  Tn'tn*.  //o»/.  >'*-■.   VAhi.  vol.  \\\\.  p.  r.»:».     On 

:  iiielaphyroa  see  Boricky,  Are-hir  \>tt.  L^mi.  Lah.n.  id.  pt.  2,  h'  fi  -'.  j..  J. 
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Hastorin,  loeland,  Tcacrifle,  the  Weateni  Territories  oT  Noth  America,  the  Andes, 
Mew  Zealand,  &c. 

Bas&lt-Booka  (FoUpor-bnealls).'— Under  this  title  ia  eubnicod  as  important  and 
widespread  series  of  volcanic  rocks,  which  eontist  usentiallj  of  some  trielinic  fek]jar, 
angite,  oliriiie,  mi^Detito  or  titanifennu  iron.  Frequently  with  apatite,  aometimea  with 
aanidineornephelinc.  Four  Tarioties  are  distinguished  accordiag  to  texture:  dohirite, 
anamesile,  biualt,  Bcd  Titrcous  bamlt 

Dolcrite  igreemtont,  in  pnit,  ofoldurauthon).  This  indndee all  the  larger-gr^ned 
kinds  in  wluch  Ihecomponent  crjsUlscan  be  readil;  diatin^^hed  with  the  naked  eye- 
Tbc  felspar,  which  among  the  baBalt-rocks  is  protiablf  often  a  mote  lilicated  form  than 
labradurite,  is  usually  the  most  oonspicnotu  ingredient ;  the  dark  prisms  of  aagite,  and 
llicdnsty  ormiuQlcly  octahedrolmagnetite^giTethe  greyer  blackhneto  the  rock.  The 
toicruscopic  atrnctare  is  crystalline,  thongh  a  Bmall  quantity  of  an  amorplious  base  may 
hero  and  there  bo  traccil. 

Anameiito  iucludea  (hose  kiods  of  which  the  texture  is  so  fine  that  tbe  naked  eye 
can  obaervo  only  thnt  tbe  masa  ia  a  finoly  crystallized  grannlar  aggregate.  Under  the 
microscope  more  of  nn  umorphoni  base  with  mleroliths  is  seen  than  in  dolcrite. 


yig.  M.— MitTWUaipIc  Stmctiireof  Ruull.— Thgiarpi  Bbodfd  crjiiUla  s 

right  of  lh«  (EBlro  at  Ihe  drawing,  ire  iggregsttd  Into  ■  li 
specks  Arc  Magnetile, 

Fig.  SS.'-Junnliin   of  IntrniilTC  IHibiM  vith  SijHMon«.  Salisbury  Crag.  FjlInlniTsfa.     llaKnlfied    10 
PUm'^rH.— The  Rruihlar  pitrllon  hi  the  iHrtiom  or  tbo  drawing  ii  Sandatonp,  ■  part  of  wbtcli  ii 
iiivulvtd  In  thp  IMabaiv  Ihst  nrcuplRi  III"  rviil  of  Ihp  M\\e.    Tin  duiker  p;inlnn  nrxl  the  SaiuMwie 
n»  Wn  HTiKiitiniifd.    It  roirtntas  rrj-Malu  o(  PUglorUsi!  and  vaponr 
~  bove  tho  darker  part  Ihe  glaiwy  coudUkin  rapVdlr  t^bh 
.      .  iconsldfrabljralured.cnldtt  occuprlng 

Basalt.— This  name,  when  used  hm  thcdcsi^etionoCn  particular  rock,  ia  applied  to 
hinrk,  cilrcmely  compact,  oppnrcntly  homogeneous  varieties  which  break  with  a  splintery 
or  conctioiilal  fracture,  and  in  which  the  component  mincmln  mn  only  be  obserred 
with  the  microecoiH',  un1ci«  where  they  are  scattered  porphyriticallj  through  the  masi. 
Tilt  minerals  cimiiist  of  tlioae  nbote  menlioncd,  imboddol  in  a  lia!C  which  is  sometime* 
11  glaijs,  but  is  ortcn  psirtially  dcvilriiird  by  tlic  nppoamnrc  of  rarioiu  cryatallitcs, 
()iat   somttimcs  iticrcasc  till   llie  glass  disappeora,   and   ila   place   is   taken    hy   an 

'  On  basalt  roeka  sec  Zirkel's 'BaBoltgrsteinp,' 1870.  IJoricky's  '  Petrographische 
Stnilinii  an  di'n  Bii»ltKi-'sl«inen  Bulimcns,"  in  .^liWiiV  fiir  Natunvit.  T^»d^dHreh~ 
/■•r^hm-j  TOM  llrj„M„,  ii.  lS7;i.  Allpnrf,  Q.  J.  Oeol.  S>«:  \xx.  p.  329.  Gcikie,  Tram, 
lliy.  S<-r.  Killn.  xxii.  Miihi,  Nov.  Art.  Anid.  Lrop.  Carol,  xxxvi.  (1873),  p.  74;  Nttut 
Jnhrh.  1873.  pp.  44!).  894.  F.  Eichsdiilt  on  HsRalts  of  Soinia,  Srerigr*  Giol.  Umlmilb, 
scr.  !■.  X'..  .11,  18H2.     E.  Syedninrk,  op.  eil.  No.  GO,  1«8I(. 


Pabt  it.  §  vii.] 


MASSIVE  BOCKS— BASALT. 


153 


•SCP^egaie  of  minote  granules,  hairs,  needles  and  crystals.  The  proportion  of  this  base 
▼vies  within  wide  limits,  insomnch  that  while  in  some  basalts,  it  so  preponderates  that  the 
indiyidoAl  crjrstals  are  scattered  widely  through  it,  or  are  drawn  out  into  beautiful  streaks 
ftnd  eddies  of  flnxion  structure,  in  others,  it  almost  or  wholly  disappears,  and  the  rock 
then  i^pears  as  a  nearly  or  quite  crystalline  mass.  The  component  minerals  frequently 
appear  porphyritically  dispersed,  especially  tlie  olivine,  the  pale  yellow  grains  of  which 
are  characteriatia  Two  types  of  basalt  have  been  recognised  in  the  great  basaltic 
outbursts  of  Western  America:  (1)  tlie  porphyritic,  consisting  of  a  glassy  and  micro- 
lithic  or  microcrystalline  ground-mass,  bearing  relatively  large  crystals  of  olivine,  felspnr, 
and  occasionally  augite,  a  structure  showing  close  relations  to  that  of  many  andesitcs ; 
(2)  the  granular  (in  the  sense  in  which  tliat  term  is  used  by  liosenbusch,  ante,  p.  93) 
— an  aggregate  of  quite  uniform  grains,  composed  of  well-developed  plagioclase  and 
olivine  crystals,  with  ill-defined  patches  of  augite,  and  frc([uontly  witli  a  considerable 
amount  of  glass-base.  By  diminution  of  olivine  and  augmeniiition  of  silica,  and  the 
appeaninoe  of  hypersthene,  gradations  can  be  traced  from  true  olivino-basalts  into 
normal  andesites.^  Many  years  ago,  Andrews  detected  native  iron  in  the  barnilt  of 
Antrim.  More  recently  Nordenskiold  found  this  substance  abundantly  diffused  in  the 
baaalt  of  Disco  Island,  occurring  even  in  large  blocks  like  meteorites  (ante,  p.  65). 

Basalt  occurs  in  amorphous  and  columnar  sheets,  wliich  may  alternate  with  each 
other  or  with  associated  tuffs.  It  also  fonns  abundant  dykes,  veins,  and  Intrusive  bosses. 
It  frequently  assumes  a  cellular  structure,  which  becomes  ninygdaloidal  by  the 
deposit  c^  calcite,  zeolites  or  other  minerals  in  the  Ycsicles.  A  relation  may  bo  trace<l 
between  the  development  of  the  amygdules  and  the  state  of  the  rock ;  the  more 
amjgdaloidal  the  rock,  the  more  is  it  decomposed,  sliowing  that  the  materials  of  tlie 
•mygdulet  hare  probably  in  large  measure  been  derived  by  inHItrating  water  from  the 
boMlt  itaelf. 

Titreoua  Basalt  (Basalt-glass).' — In  some  cases,  basnlt  imsses  into  a  condition 
which,  even  to  the  naked  eye,  is  recognisable  as  that  of  a  true  glass.  This  more  especially 
takers  place  along  the  edges  of  dykes  and  intrusive  sheets.  Where  an  external  skin  of 
the  original  molten  rock  has  rapidly  cooled  and  consolidated,  in  contact  with  the  rocks 
through  which  the  eruption  took  place,  a  transition  can  bo  traced  within  the  space  of 
le»s  than  a  quarter  of  an  inch  from  a  crystalline  dolcrite,  anamesite,  basalt,  or  andositc  into 
a  black  glass,  which,  under  the  microscope,  assumes  a  pale  brown  or  yellowidh  colour,  and 
is  isotropic,  but  generally  contains  abundant  microliths,  sometimes  with  a  globular  or 
fcphenilitic  concretionary  structure.  In  such  cases  it  seems  indisputable  that  this  glass 
represents  what  was  tlie  general  condition  of  the  whole  molten  mass  at  the  time  of 
eruption,  and  that  the  present  crystalline  structure  of  the  rock  was  developed  during 
cooling  and  consolidation.  Some  varieties  contain  a  good  deal  of  water  {UydrotachijUte, 
ralwjoniU)  ;  others  have  little  or  none  (Tarhylite,  Ilyalomelan).  It  is  worthy  of  remark 
tiiat  in  the  analyses  of  vitreous  basalts,  the  percentage  of  silica  rises  usually  above,  while 
Ihfir  s|»ecii{c  gravity  falls  below,'  that  of  ordinary  crystalline  basalt.  The  average 
composition  of  tlie  basalt  rocks  is  shown  in  the  subjoined  Table  : 


HiUca. 

Alu- 
min*. 

Lime. 

Magnofda. 

OxldcH  of 
Iron  and 
Mangan- 
ese. 

1                 I»ss  l>y 
Polaxh        Socla     !   'PlHioil 

.Specific 
gravitj'. 

Ati«in«?9ite .     . 
Ha^lt   .     .     . 
VitrnoQt  B«f«tt 

45-55 
46-53 
45-55 

4i$-58 

12-16 
12-15 
10-18 
12-17 

7-13 
8'8-13 

7-14 
6-5-9-5 

3-9 
1-6-9-5 

3-10 
0-5-6 

9-18 

10-15 

9-16 

8-20 

0-1 
0-6-1 
0-6-3 
0-6-9'5 

2-5 

2-3 

2-5 

2-5-5 

0-5-3 

1-3 

1-5 
0-5-3-6 

2«75-2-06 
2-7-3-8 

2-85-3-10 
2-6-2-7 

'  Ilaguo  and  Iddings,  Amer.  Journ,  Set.  xxvii.  (1881),  p.  450. 

*  See  Judd  &  Cole,  Q.  J.  GeoL  Soc,  xxxix.  (1883),  p.  444.    On  the  glassy  basalt- 
l:\v:u»  of  Sandwich  iMlands,  Cohen,  New>n  Jnhrh.  1870,  p.  744 ;  1880  (vol.  ii.),  p.  2X 
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Tho  basalt-rocks  are  thorouglily  volcanic  rocks,  appearing  in  lava-tftreams,  sbiects. 
plateaux,  dykes,  and  veins.  The  columnar  structure  is  so  eommon  among  the  finer- 
grained  varieties  that  the  term  ^^  basaltic  *'  bus  been  popularly  used  to  denote  it.  As 
already  stated,  it  Las  been  assumed  by  some  writers  that  basalt  did  not  begin  to  be 
erupted  until  tho  Tertiary  period.  But  true  basalt  occurs  abundantly  in  Scotland,  as  a 
product  of  Lower  Carboniferous  volcanoes.  There  seems,  however,  to  be  no  doubt  that, 
us  liiclithofeu  first  pointed  out,  iu  the  order  of  appearauce  at  any  given  volcanio  foons, 
basalt  usually  comes  up  after  the  r)iyolitic  and  trachytic  eruptions  have  ceased.  (See 
Book  III.  Tart  I.  Section  i.  §  5.) 

4.  rLAciui'LASE-DiALLAiiE  KocKS.  —  Qabbro '  (Diallagc-rock)  is  a  thuroughlj 
crystalline  granitoid  aggregate  of  a  triclinio  felspar  (sometimes,  however,  saussaritc) 
and  diallago  or  smaragdite.  The  felspar  (lubradorite  or  anorthite)  occurs  in  distinct 
crysUds  or  crystalline  aggregates  of  grey,  white,  or  violet  tint,  and  under  tho  microsco]K3 
ib  sometimes  found  to  be  crowded  with  crystallites.  The  saussurito  is  likewise  light* 
coloured,  while  the  diallage  is  distinguishable  by  its  dirty-green  or  brown  tint,  the 
metalloidal  or  pearly  lustre  on  its  cleavage  planes,  and  the  frequent  presence  of  layers  of 
microscopic  dark  brown  or  black  lamella).  Some  varieties  contain  abundant  olivine 
(0 1  i  V  i  n  0  -  g  a  b  b  r  o).  Average  composition — silica,  49 ;  alumina,  1 5 ;  lime,  9*5;  mag- 
nesia, 9*7;  oxides  of  iron  and  manganese,  11*5;  potash,  0*3;  soda,  2*5.  Loss  by 
ignition  2*5;  specific  gravity,  2  * 85-3 *  10. 

A  variety  of  gabbro  abounding  in  olivine,  but  with  little  or  no  diallage,  is  known  by 
Cierman  petrographers  under  the  name  of  Forellenstein,  its  olivine  being  usually 
sorpcntinized  and  its  felspathic  constituent  (anorthite)  being  also  often  much  docom* 
jjoscd. 

Gabbro  occurs  (1)  in  association  with  granite,  gneiss,  and  other  crystalline  rocks  as 
large  irregular  bosses  (Saxony,  Silesia,  the  Harz,  &c.),  and  (2)  in  large  sheets  and  bouses 
associated  with  volcanic  eruptive  rocks.  In  the  latter  case  it  occurs  in  Skye  and  Mull 
connected  with  Tertiary  volcanic  outflows. 

5.  PLAttiocLASE-mioMDic-PYBOxKNE  HocKs.  —  Hyperstheiie- Andesito.  —  Under 
this  name,  certain  Tertiary  or  recent  rocks,  stretching  over  vast  areas  in  Western  America, 
have  been  described  as  associated  with  other  andesites  and  basalts.  They  are  black 
to  grey,  or  retldish-grey,  in  colour,  and  vary  in  texture  from  dense,  thoroughly  crystalliuo 
forms,  to  otliers  opproaching  white  glassy  pumice,  the  base  under  the  microscope  ranging 
from  a  brown  glass  to  a  holo-crystalline  structure.  The  magnesian  silicate  is  pyroxene, 
chiefly  in  tiic  orthorhombic  form  as  hypersthenc,  but  partly  also  aug^te.  An  analyBis 
of  the  puniiceous  form  of  the  rock  gave  62  per  cent  of  silica,  while  the  percentage  of  the 
iiumo  constituent  in  Uie  glass  of  the  base  was  found  to  rise  to  69*94.' 

Norite. — Under  this  name  Bosenbuscii  has  proposed  to  group  all  the  older  gabbro- 
like  rocks  in  which  any  rhombic  pyroxene  (Enstatite,  Bronzite,  Hypersthene)  is  con- 
joined with  a  i)lugioclaso  felspar.  The  term  was  proposed  by  Esmark  for  certain 
Norwegian  rocks  which  appear  to  be  for  the  most  part  varieties  of  diorite,  and  was  applied 
by  Schecrcr  to  some  Norwegian  compounds  of  plagioclase  (and  orthoclase)  with  diallagc 
or  hyixirsthene  and  usually  some  quartz. 

Hypersthenite — a  granitoid  aggregate  of  lubradorite  and  hypersthene  found  in 
K'<ls,  veins,  and  bosses,  among  Archaean  rocks  (St.  Paul's  Island,  Labrador ;  Greenland, 
and  Norway). 

Schiller-spar  Rock  (Schilkrfels,  Protobastilfel^)— an  aggregate  of  anorthite  and  a 
rliombic  pyroxene  (cnstatito),  the  latter  mineral  being  usually  altered  into  schiller-spar 
nr  aorpcntiiie  (protolmstite),  with  the  development  also  of  chromite  and  magnetite.  ITic 
tVlspar  uppojirs  somewhat  like  the  S4iU83uritc  of  gabbros,  the  em(t4&tite  shows  a  pearly 


'On  Gabbro,  sec  Loosen,  /.  Vt^itsrJt.  (iroL  <ics.  xix.  p.  6ol,  Lang,  op,  cU.  xxxi.  p.  484. 
/iikel  on  (iabbros  of  Scrtland,  oj).  n't.  xxiii.  1871. 

^  M'hitninn  Cross,  null.  V.S.  Grol  Surrey,  1883,  No.  1.  Hague  and  Iddings,  Amer. 
Joniit.  Sri.  xxvi.  (1883),  p.  226;  xxvii.  (1884),  p.  457. 
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lasire  on  its  daovage  faces,  bat  this  is  commonly  replaced  by  the  metallic  lustre  and 
green  serpeutinous  aapeci  of  the  more  or  loss  decomposed  schiller-spur.* 

ii.  Nepheline-Bocks. 

Zirkel  proved  that  basalt-rocks  sometimes  contain  little  or  no  felspar,  the  i>urt  of 
tliat  mineral  being  taken  in  some  by  nepheline,  in  others  by  leiicite.^  Under  the  numo 
of  Xopheline-rocks  is  grouped  a  series  of  distinctly  crystulline  and  also  compact,  dark 
rucks,  composed  of  nepheline,  angite,  and  magnetite,  often  with  olivine,  Eometimes  with 
a  little  iriclinic  felsi>ar.  They  are  thus  distinguisheil  by  the  fact  that  iu  tlicm,  the  imrt 
taken  by  felspar  iu  the  rocks  already  enumerated,  is  8up})lied  by  nepheline.  They  are 
nhually  divided  into  Nepheline-Dolerite,  a  crystalline  granular  aggrcgtite  closely 
resembling  in  general  character  true  dolerito;  and  Nepheline-Basalt,  a  black,  heavy 
cum^Kict  rock,  not  to  bo  outwardly  dibtinguished  from  oiilinary  felnpar-baualt.  Whero 
olivine  is  absent,  Kosenbusch  has  proposed  to  call  the  rock  Nephcltnite,  The  nepheline 
rucks  are  volcanic  masses  of  late  Tertiary  age,  but  occur  much  more  sparingly  than  tliu 
true  basalts.  They  are  found  in  tlic  Odenwald,  Thuringcr  Wald,  Erzgcbirge,  Baden,  kv. 
The  mean  rom|K>8ition  of  Nejiheline-basnlt  may  be  taken  to  be— silica,  45*52;  alumina, 
10 '50;  ferric  and  ferrous  oxides,  11*20;  lime,  10*62;  magnesia,  4*35;  jiotash,  1*05; 
» ida,  5 '  40 ;  water,  2  *  G8.  Mean  specific  gni vity,  2  *  0-3  •  1 .  Nepheline-Tephrite— a 
dark  uouijiact  aggregate  of  nepheline  and  plagioclasu  with  hornblende,  augite,  mica, 
KUiidine,  olivine,  ajiatito,  sphene,  magnetite,  or  titaniferous  iron  (Canary  Islands, 
Bohemia,  Sweden). 

iii  Leuoite-Books. 

This  division  includes  certain  grey  or  black  crystalline  or  compact  volcanic  rocks 
resembling  some  of  the  basalt  series,  but  distinguished  from  them  by  the  predominance 
of  leocite.  The  more  crystalline-granular  varieties,  named  Leudtophyre  or  Ijeucite- 
porphyry,  are  composed  of  a  characteristically  dull  grey  aggregate  of  leucite,  augite,  and 
magnetite,  with  sometimes  a  little  nepheline,  olivine,  or  mica.  The  leucite  occurs  iu 
well-defined  garuet-like  crystals  of  a  dull  white  colour,  sometimes  an  inch  in  diameter, 
not  infrequently  broken  and  with  fissures  interx>enetrated  by  the  surrounding  ground- 
iiLiM.  The  rock  is  one  of  tlie  products  of  the  extinct  volcanoes  of  Southern  Italy. 
Leucite-Basalt  is  to  outward  appearance  quite  like  true  basalt,  and  occurs  under  similar 
conditions,  but  is  less  widely  distributed  than  even  nephcline-basalt.  Under  the  micro- 
soojie,  it  presents  a  finely  crystalline  structure  with  little  trace  of  any  amorphous 
base,  and  abundant  minute  sections  of  the  characteristic  leucite,  with  augite,  olivhiu, 
magnetite,  and  nepheline.  This  rock  occurs  among  the  extinct  volcanic  cones  of  the 
Kifel,  in  the  Thuringer  Wald,  and  in  the  Italian  volcanic  districts  (Albano,  Capo  di 
Bove).  l-icucite-rocks,  so  far  as  known,  occur  only  among  later  Tertiary  and  recent 
Vftlcanic  products,  llosenbusch  has  proposed  to  separate  the  varieties  containing  no 
"livinc  as  a  distinct  group  under  the  name  of  Leucitite.  The  modern  lavas  of  Vesuvius 
tiiough  closely  relate.1  to  leucite-basalt,  contain  sanidine  and  plagioclase,  in  addition  to 
tlic  onlinar}'  constituents  of  that  rr)ck,  and  i)08sess  a  more  vitreous  base.  Ijeucite- 
Tephrite — a  rock  resembling  ncphcline-tephrite,  but  with  leucite  replacing  the  nepheline 
(Uocca  Monfina). 

Iv.  Melilite-Bocks. 

In  continuation  of  ZirkeFs  research,  A.  Stelzner  has  shown  that  in  some  basalts  the  pari 
"f  fclsjjar  and  nepheline  is  played  by  melilite.'  In  outer  appearance,  the  rocks  jwssessing 
tliia  com[)O0ition,  and  to  which  the  mime  of  Melilite-Basalt  has  been  given,  cannot  be 
•listinguished  from  ordinary  basalt.  Under  the  microscope,  the  ground-mass  appears  to 
U  mainly  composetl  of  transparent  sections  of  mclilite,  either  disposed  without  order,  or 

^  Stn.ng,  New:s  Jahrb.  1862,  p.  513  ;  1864,  p.  257.         «  Zirkels  * Basaltgesteine.' 
»  Netw^  Jahrh.  (IJeihigeband).  1883,  p.  360-439. 
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TIiiH  'liviKini)  '■■nhrnm  \  !i«hKi  "I'  i.TT«tKilinB  nda  <vmpiimd  \aaBatiallj iti  oUna*, 
vjth  iiimitllr  nw  or  two  other  m 

Pllrrfto  iT^Mimibntd.  Prkme-nnTphiTT; — &  rDcktieli  in.  olivine,  i 
l^an  >i>>Tp«ntini»vl.  i»itli  :in5itp.  :dagnelite.  ■■     ' 

rpl«»<'H  tn  ih"  Unhiam  into  irhieh  iif  tfaeaiiditiDnif  pi 

;n  ,1  liAiw  mnr'-  or  Iphh  ^trmna.      Dnmilft  Uttr^ttiir  ami  irtfaer  aIivii»*rDckA  daml  f^*iTg 
'hn  >-r)'KWIiTiP  nrtiiiiti  fp.  1:10)  miebtiljiD  be  induded  Eieip. 

On«  'if  thn  iniuil  remarkiihie  tcBtnm  ;tiKiin  theM  rocks  ui  thtJr  fretintat  MMxiatkni 
with  vTp»ntlrH>  aiiH  tbHr  '^'iuIi^ft  to  ]mt»  into  tliat  imk.  Tben  l-sii  imfeed  be  no 
<t>>>iM  DihC,  m  T'j-iierDuili  drat  [minted  out,  maoj  deipaitulea  vera  once  oliiute  mcki. 


Vl«.  K^SUSM  m  Hi*«li*i»lloiio[(Jl.*lM.    *.  Ow  DMTlj&Trfi  trjitil  i  ».  tW  lUetUim  UtU  oonnJtMa 


vi.  Berpoitine-Boclcs. 

VUAei  tlhU  nnme  nwj  be  included  iock»  whkh,  wtulerer  may  havo  been  tliei/ 
'irlKln"!  flmrantiT  nml  enntpodtiiin,  now  conaiat  moinlj  or  wliollf  of  Mrpentine.  As 
ti\vw\y  M«ln1,  oliTlnn  ri«dily  pwuei  into  the  condition  of  aerpentine,  while  the  other 
nilnptnlfi  mnf  itimnlri  nrnrty  nnaffoctcd,  m  ia  ailmimbly  seen  in  «ome  pifcrit^a.  Miiny 
norjiPiillrKi-rnnli*  originnlly  conHiateil  principelly  nf  olivine.  Dioiite,  gnbbro  and  other 
tnoliri.mnaiBtinKliW'ly  ofmftpiraianailicatca,  likewise  poEB  into  serpentine.  If  Tariclies 
i1iti>  bi  iIlfTiTont  plHiW'M  »f  alteration  were  judged  worthy  of  acpnTate  dcb-ignBtiiHi,  each 
iwmlmr  <if  Hip  ullrino-MckH  miglit  of  course  htive  a  conceiioblc  or  actnal  rcpreBentali«e 
iHiHMijt  Hip  i«'r|ii<iitliiii  aoriea.  Itiil,  without  ntterapting  thia  minutcnew  of  claaai&cation, 
wi'  may  with  i«l*ntilnKi' trwit  by  ituclf,  aa  dcsorring  apcoiol  notice,  the  maaBiTC  form  of 
l.lip  tiilitPml  Hi<T|H'ntliiP  t<i  wlintMiever  ciiuso  ita  mode  of  formation  may  be  assigned. 

Merptmtlno  *  a  rniii]iiii<l  iir  lliiely  graniilnr,  fidntly  glinunering,  or  doll  mck,  eaaily 
vul  iir  M-mli'lii'd,  liiivliiK  n  jircvnilinf;  dirty-green  nilonr,  Eonii-tinics  varionaly  atreoked 

'  IMiiiIk-I,  'IIIi'  1\iln<H>lilhiK'bo]i  KruntiYeiMtviue  d«a  I'ichtolgebirgca ' :  Munich 
IHTt      7>...i.,  ((..«.  W-.  Wl.«.  xxix.  p.  tm. 

•-■r-br.nimk. SiU.  Ahvl.  ll'iVn. Ivi.  .Inly,  ISfiT ;  Bonnoy.  p.  J.  C.fol. Sw. sjsiiL p. 
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or  flecked  witb  brown,  yellov,  or  red.  It  is  a  mnatiiTe  fono  of  tho  mineral  acrpentiiie, 
bnt  treqnenU]'  eoDtaiits  other  miaeralo.  One  of  ita  commonest  tuxompauimenta  is 
duTMtile  or  flbiona  serpentine,  whioh  in  vaininga  of  a  ailkj  lustra,  often  rtimiflca 
throogli  the  took  in  all  directions.  Other  common  enclosnres  are  olivine,  bronzite, 
enatatite,  inagnetile,  and  obiomio  inm. 

Serpentine  oconn  in  two  distinct  forms ;  flret  in  beds  or  indefinitely-ibaped  bosses, 
interoUated  among  sobistoBo  rooks,  and  associated  especially  witb  crystalline  limestoues ; 
Koood  Id  djkea  or  veins  tnversing  other  rocks. 

Aa  to  its  mode  of  origin,  there  can  be  no  donbt  that  in  somo  cases  it  was  originally  an 
etoptiveroek.  In  the  Old  Bed  Sandstone  of  ForfiuBhirc  aod  Kincardinoshire  it  is  found 
in  dykM  travetdng  the  sandstones  and  oonglooicrslas.  Tbe  frequent  oconrcenco  of 
recognlnble  olivine  crystals,  or  of  their  stili  remaining  contours,  in  tbe  midst  of  tlie  ser- 
pentine-matrix, affords  likewise  good  gionnds  for  assigning  an  eruptive  origin  to  many 
serpentines  wbiob  have  no  distinctly  eruptivo  oitemal  form.  Tbe  rock  cannot,  of  oonrse, 
have  been  ejected  as  the  hydrous  magnetdan  silicate  serpontiDo,  but  it  may  have  been 
nijginaUy  an  eruptive  olivine  rook,  or  a  highly  homhiendic  diorito,  or  an  olivine-gabbro, 
injectod  in  the  form  of  sheets  or  dykes.  But,  on  the  other  band,  the  intercalation  oi 
bed*  of  serpentine  among  schistose  rocks,  and  i)articn1arly  the  froqnent  occurrence  of 
■npcnline  in  oonneotioQ  with  more  or  less  altered  limestoncs(West  of  Ireland,  Highlands 


of  SootUnd,  Ayrshire),  snggests  another  mode  of  origin  in  tlieso  cases.  Some  writers  have 
contended  thnt  such  serpentiucK  are  products  of  the  alteration  of  dolomite,  tho  magnesia 
having  been  taki^n  up  by  silica,  leaving  the  carbonate  of  lime  liehind  nsbeds  of  limestone. 
It  is  conceivable,  however,  that  in  some  eases  the  original  roclo,  from  which  tho  scr- 
pratines  were  derived,  wero  a  deposit  from  ocennic  water,  aa  has  been  suggested  by  Sterry 
Hunt  in  tho  ease  of  those  associated  with  the  crystalline  schists.'  Bods  of  serpentine 
uilcrcolateil  with  limestone  might  conceivably  have  been  due  to  the  elimination  of 
■oagTKsian  ellicnti^s  from  sea-waterby  organic  agency,  like  the  ghtuconitonow  found  filling 
the  chamtiers  of  /ommiaifera,  the  cavities  of  corals,  the  cnnals  in  shells  and  sGA-ureliiri 
■pines  and  other  organisms  on  the  floor  of  the  present  sco.*  Among  tho  llucitones  and 
rryi^alline  nchistisof  Banffshire,  as  already  slnted  (niitf,  p.  130)  serpentine  occurs  in  thick 
Imtii-uUr  liods  which  possess  a  schigtoee  crumplol  atructuro  and  agree  in  dip  witli  tlio 
fonnunding  rocks.  They  mny  have  been  deposits  of  contemporaneous  origin  with  the 
limettimes  and  schists  amoni;  which  they  occur,  and  in  association  with  which  they  have 
undergone  the  eharacteristie  schistose  puckering  and  crumpling. 

'  'Chemical  B«says,'  p.  123. 

'  According  to  Berthier,  one  of  the  glauconitic  deposits  in  a  tertiary  limestone  is  a 
iTDt  serpentine.    See  Sterry  Hunt, '  Chem.  Essays.'  p.  30'J. 
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B.     F  R  A  G  M  E  N  T  A  L     (0  L  A  S  T  I  c). 

TliiB  great  Beries  cniLraees  all  rocks  of  a  secondary  or  derivativo 
origin ;  in  other  woixls,  all  formed  of  fragmentary  materials  which  have 
previously  existed  on  or  beneath  the  surface  of  tlio  earth  in  another  fonn, 
and  the  accumulation  and  consolidation  of  wliich  gives  rise  to  new 
compounds.  Some  of  these  materials  have  l)een  produced  hy  the 
mechanical  acticm  of  wind,  as  in  the  sand-hills  of  sea-coast«  and  inland 
deserts  (-^TColian  rocks)  ;  otliers  hy  the  operation  of  moving  water,  as  the 
gravel,  sand  and  mud  of  shores  and  river-l)eds  (Aqueous  sedimentarj' 
rocks)  ;  otliers  hy  the  accumulation  of  the  entire  or  fragmentary  remains 
of  once  living  plants  and  animals  (Organically-formed  rooks);  while 
yet  another  series  has  arisen  from  the  gathering  together  of  the  loose 
dc'hris  thrown  out  hy  volcant)eK  (Volcanic  tuffs).  It  is  evident  that  in 
dealing  with  these  various  detrital  formations,  the  degree  of  consolidation 
is  of  secondary  importance.  The  soft  sand  and  mud  of  a  modem  lake- 
bottom  differ  in  no  essential  re8i>ect  from  ancient  lacustrine  strata,  and 
may  tell  their  geological  storj'  equally  well.  No  line  is  to  l)e  drai^Ti 
between  what  is  popularly  termed  rock  and  the  loose,  as  yet  unconi- 
pacted,  debris  out  of  which  solid  rocks  may  eventually  l)e  formed.  Hence 
in  the  following  aiTaugement,  the  modem  and  the  ancient,  Ixjing  one  in 
structure  and  mode  of  formation,  are  classed  together. 

It  will  bo  ol)8erv'ed  that,  in  several  directions,  we  arc  led  by  the  frag- 
mental  rocks  back  to  those  stratified  deposits  with  which  we  began  at 
p.  117.  Both  series  of  deposits  arc  accumulated  simultaneously  and  are 
often  interstratified ;  and,  as  wo  have  seen,  the  calcareous  organic  frag- 
mental  rocks  (p.  118)  actually  undergo  a  gradual  internal  change  which 
more  or  less  effaces  their  detrital  origin,  and  gives  them  such  a  crystal- 
lino  character  as  to  jontitlc  them  to  be  ranked  among  the  crystalline  lime- 
stones. 

1.  Gravel  and  Sand  Books  (Psammites). 

Afi  the  deposits  included  in  this  subdiyision  are  produced  by  the  diBlntegration  and 
removal  of  rocks  by  the  action  of  the  atmosphere,  rain,  rivers,  frost,  the  sea,  and  other 
superficial  agencies,  they  are  mere  mechanical  accumulations,  and  necessarily  vary 
indefinitely  in  composition,  according  to  the  nature  of  the  sources  from  which  they  are 
derived.  As  a  rule,  they  consist  of  the  detritus  of  siliceous  rocks,  these  being  among 
the  most  durable  materials.  Qnartz,  in  particular,  enters  largely  int-o  the  oompositioQ 
of  sandy  and  gravelly  detritus.  Fragmentary  materials  tend  to  group  themaelTes 
according  to  their  size  and  relative  density.  Hence  they  are  apt  to  occur  in  layers,  and 
to  show  the  characteristic  stratified  arrangement  of  sedimeiifury  rocks.  They  may 
enclose  the  remains  of  any  plants  or  animals  entombed  on  the  same  sea-floor,  river-bed, 
or  lake-bottom. 

In  Uie  majority  of  these  rocks,  their  general  mineral  composition  is  obvious  to  the 
naked  eye.  But  the  application  of  the  microscope  to  their  investigation  has  thrown 
considerable  light  upon  their  composition,  formation,  and  subsequent  mutations.  Their 
component  materials  are  thus  ascertained  to  bo  divisible  into — 1  st,  derived  fragments,  of 
which  the  most  abundant  are  quartz,  after  which  come  felspar,  mica,  iron-ores,  zircon, 
rutile,  apatite,  tourmaline,  garnet,  sphenc,  augite,  hornblende,  fhigments  of  various  rocks, 
and  clastic  dust;  2nd,  constituents  which  have  been  deposited  between  the  particles, 
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and  which  in  many  oases  serve  as  the  cementing  material  of  the  rock.  Among  the  more 
important  of  these  are  sQicio  acid  in  the  form  of  qnartz,  chalcedony  and  opal ;  oarbonateB 
of  lime^  iron  or  magnesia ;  hiematite,  limonltc ;  pyrite ;  glanconite ;  mica ;  rutile.* 

ClifT-IMbris,  Koraine  Stuff— angular  nibhish  disengagf^]  by  frost  and  ordinary 
atmospheric  waste  from  cliffs,  crags,  and  steep  slopes.  It  slides  down  the  declivities  of 
hilly  regions,  and  aocnmnlates  at  their  base,  until  washed  away  by  rain  or  by  brooks. 
It  forms  talos^opes  of  as  much  as  40%  though  for  short  distances,  if  the  blocks  are  laige, 
the  general  angle  of  sbpe  may  bo  much  steeper.  It  naturally  depends  for  its  oom- 
positioa  npon  the  nature  of  the  solid  rocks  from  which  it  is  derived.  Where  cliff-debris 
falls  npon  and  is  borne  along  by  glaciers  it  is  called  *'  Bf  oraine-stuff,"  which  may  be 
deposited  near  its  source,  or  may  be  transported  for  many  miles  on  the  surface  of 
theioe. 

Pwrched  Blocks,  Erratio  Blocks-— large  masses  of  rock,  often  as  big  as  a  house 
which  liave  been  transix>rtod  by  glacier-ice,  and  have  been  lodged  in  a  prominent  position 
in  glacier  valleys  or  have  been  scattered  over  hills  and  plains.  An  examination  of  their 
mineralogical  character  leads  to  the  identification  of  their  source  and,  consequently,  to 
the  patli  taken  by  the  tmnsporting  ice.    (See  Book  III.  Part  II.  Section  ii.  §  5.) 

Bain-^vmah — a  loam  or  earth  which  accumulates  on  the  lower  parts  of  slopes  or  at 
their  base,  and  is  due  to  tlio  g^dual  descent  of  the  finest  particles  of  disintegrated  rocks 
by  the  transporting  action  of  rain.  Brio  k-e  a  r  t  h  is  the  name  given  in  the  Eouth-east 
of  England  to  thick  masses  of  such  loam,  which  arc  extensively  used  for  making 
bricks. 

Soil — the  product  of  the  snbaorial  decomposition  of  rocks  and  of  the  decay  of  plants 
and  animals.  Primarily  the  character  of  the  soil  is  determined  by  that  of  the  subsoil, 
of  which  indeed  it  is  merely  a  furthnr  disintegration.  The  formation  of  Eoil  is  treated  of 
in  Book  UI.  Part  II.  Section  ii.  §  1. 

Subsoil — ^the  brokcn-up  part  of  the  rocks  immediately  under  the  soil.  Its  character, 
of  course,  is  determined  by  that  of  tho  rock  out  of  which  it  is  formed  by  subacrial 
disintegmtion.  (Book  III.  Part  II.  Section  ii.  §  1.) 

Blown  Sand — loose  sand  usually  arranged  in  Hues  of  duiies,  fronting  a  sandy 
beach  or  in  tho  arid  interior  of  a  conliiient.  It  is  piled  up  by  the  driving  action  of 
wind.  (Book  III.  Part  II.  Section  i.)  It  varies  in  composition,  being  sometimes  entirely 
liliceous,  as  npon  shores  where  siliceous  rocks  arc  exposed ;  sometimes  calcareous,  where 
derived  from  triturated  shells,  nullipores,  or  other  calcareous  organisms.  Layers  of 
finer  and  coarser  particles  often  alternate,  as  in  water-formed  sandstone.  On  many 
coant-lines  in  Europe,  grasses  and  other  plants  bind  the  surface  of  the  sliifting  sand. 
TiM»e  layers  of  vegetation  are  apt  to  be  covered  by  fresh  encroachments  of  the  looso 
material,  and  then  by  their  decay  to  give  rise  to  dark  peaty  seams  in  the  sand.  Cal- 
careous blown  sand  is  compacted  into  hard  stone  by  the  action  of  rain-water,  which 
alternately  dissolves  a  little  of  the  lime,  and  re-deposits  it  on  evaporation  as  a  thin  crust 
cementing  the  g^ins  of  sand  together.  In  tho  Bahamas  and  Bermudas,  extensive 
masses  of  calcareous  blown  sand  have  been  cemented  in  this  way  into  solid  stone, 
which  weathers  into  picturesque  crags  and  caves  like  a  lin)estone  of  older  geological 
date.'  At  Newquay,  Cornwall,  blown  sand  has  been  solidified  by  the  decay  of 
abundant  land  shells. 

Biver-sancU  Sea-sand.  When  the  rounded  water-worn  detritus  is  finer  than 
that  to  whieh  the  term  gravel  would  be  applied,  it  is  called  sand,  though  there  is 
obviously  no  line  to  be  <lrawn  l)etween  tlio  two  kinds  of  deposit,  which  necessarily 


»  G.  Klemm,  Zeitsrli.  Deiitsch.  Geol  Get*,  xxxiv.  (1882)  p.  771.  II.  C.  Sorhv,  Quart, 
Jmrn.  Geol.  Soc.  xxxvi.  (1880).    J.  A.  Phillips,  op.  cU.  xxxvii.  (1881),  p.  G. 

*  For  interesting  accounts  of  the  -^k)lian  dei)osit3  of  the  Bahamas  and  Bennudns, 
Me  Nelson,  Q.  J.  Geol.  Soc,  ix.p.  200,  Sir  Wyville  Thomson's  "Atlantic,'' vol.  i. ;  also 
J.  J.  Rein,  Sencketih.  NtU,  GeMl^ch.  Bericht.  1869-70,  p.  140, 1872-3,  p.  131 ;  on  tho  Red 
Sands  of  the  Arabian  Desert,  see  J.  A.  Phillips,  Q.  J.  Geol  Soc.  xxxviii.  (1882)  p.  110. 
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^riuliiatc  iuto  c-och  other.  Tlio  particles  of  sand  range  down  to  suoh  minute  forms 
as  can  only  be  ilistinctly  discerned  witU  a  microscope.  TLe  smaller  forms  are 
<:cncrally  loss  well  roumk-il  than  those  of  greater  dimensions,  no  doubt  because  their 
iliminutivc  size  ullows  tliem  to  remain  suspended  in  agitate<l  water,  and  thus  to  eficajH) 
the  niutuni  attrition  to  which  the  larger  and  heavier  grains  are  exposed  upon  the 
bottom.  (Book  III.  Part  II.  Section  ii.)  So  far  as  experience  has  yet  gone,  there  is  no 
method  by  which  inorganic  sea-sand  can  be  distinguished  from  that  of  rivers  or  lake?. 
As  a  rule,  >«and  consists  largely  (often  wholly)  of  quartz-grains.  The  presence  of 
fi-agments  of  marine  shells  will  of  course  betray  its  salt-water  origin;  but  in  tlie 
trituration  to  which  sand  is  exj)osed  on  a  coast-line,  the  shell-fragments  arc  in  great 
measure  grouml  into  calcanK)us  mud  and  removed. 

^Ir.  Sorby  has  recently  shown  that,  by  microscopic  investigation,  much  information 
may  bo  obtaiudl  regarding  the  history  and  source  of  sedimentary  materials.  He  has 
studic<l  the  minute  structure  of  mo<lem  sand,  and, finds  that  sand-grains  present  the 
following  five  distinct  tyims,  which,  however,  gradiuite  into  each  other. 

1.  Normal,  angular,  fresh-formed  sand,  such  as  lias  l)ecn  derivetl  almost  directly 
from  the  breaking  up  of  granitic  or  schistose  rocks. 

2.  Wcll-wom  sand  in  rounded  grains,  the  original  angles  being  completely  lost,  and 
th(?  surfaces  looking  like  iinc  ground  glass. 

3.  Sand  mechanically  broken  into  sharp  angidar  chips,  showing  a  glassy  fracture. 

4.  Sand  having  the  grains  chemically  corroded,  so  as  to  produce  a  peculiar  teztnro 
*>f  the  j*nrface,  tliffering  from  that  of  worn  grains  or  crystals. 

5.  Sand  in  which  the  groins  have  a  i>erfectly  crystalline  outline,  in  some  rases 
undoubtctlly  due  to  the  deposition  of  quartz  upon  rounde<l  or  angular  nuclei  of  onlinaiy 
uon-or}'6talline  sand.* 

Tho  same  acute  observer  points  out  that,  as  in  the  familiar  case  of  conglomerate 
lobbies,  which  have  sometimes  been  use<l  over  again  in  conglomerates  of  very  ditTerc'nt 
ages,  so  with  the  much  more  minute  grains  of  sand,  we  must  distinguish  between  the 
ugi'  of  the  grains  ami  tlio  ago  of  the  deposit  formed  of  them.  An  ancient  sandstone 
may  consist  of  grains  that  htul  hardly  been  worn  before  they  were  fmally  brought  to 
rest,  while  the  sand  of  a  modern  beach  may  have  been  ground  down  by  the  waves  of 
many  successive  geological  periods. 

Sand  taken  by  Mr.  Sorby  from  the  old  gravel  terraces  of  the  River  Tay,  was  found  to 
be  almost  wholly  angidar,  indicating  how  little  wear  and  tear  there  may  be  among 
particles  of  quartz  4u  ^^^  ^^  "^^^  ^°  diameter,  even  though  exposed  to  the  drifting  action 
cif  a  rapid  river.'  Sand  from  the  boulder  clay  at  Scarborough  was  likewise  ascertaincil 
to  bo  almoAt  entirely  fresh  and  angular.  On  the  other  hand,  in  geological  formations, 
which  can  l)c  tracetl  in  a  given  direction  for  several  hundred  miles,  a  progressively 
large  pn>[x)rtion  of  rounde<l  particles  may  be  detected  in  the  sandy  bcils,  as  "Sir,  Sorby 
has  found  in  following  the  Grcensand  from  Devonshire  to  Kent. 

Varieties  of  river  or  sea-sand  may  be  distinguished  by  names  referring  to  some 
remarkable  constituent,  e.g.,  magnetic  sand,  iron-sand,  gold-sand,  auriferous  sand,  &c. 

Gravel,  Shingle — names  applied  to  the  coarser  kinds  of  rounded  water-worn 
detritus.  In  (travel,  the  average  size  of  the  component  pebbles  ranges  from  that  of 
a  small  pea  up  to  al>out  that  of  a  walnut,  though  of  course  many  includiHl  fragments 
will  l)C  ol>servrd  which  exceed  these  limits.  In  Shingle,  the  stones  are  courser,  ranging 
u]>  to  blocks  as  big  as  a  man's  head  or  larger,  (rerman  geologists  distinguish  as 
"  schotter/'  a  .-liingle  containing  dispersi-d  lioulders,  and  *'  sehotter-oon glomerate,**  a  rock 
wlicrcin  thrse  nmtorials  havt^  Ix^couie  consolidated.'  All  these  names  arc  applied  quite 
irrespec'tivo  of  the  comjioaition  of  tlio  fragments,  which  varies  greatly  from  point  to 

*  Addzt^  Q.  J.  Gedf,  Soe,  xxxtL  (1880)  pi  58. 
'  See  Book  UL  fui  n.  Section  U.  §  ilL 

^  See,  fur  I'sample,  an  account  of  toa  nhotler^ongiomerates  of  Northern  Portia  by 
v..  Ti<!tze,  Jahrb.  CM.  lUMimmL  ViiU,  1881,  p. 
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point.     As  a  nile,  the  stooes  oonflUt  of  hard  crystalline  rooks,  since  these  are  best 
fitted  to  withstand  the  powerftil  grinding  action  to  which  they  are  exposed. 

Conglomerate  (Poddiogstone) — a  rock  formed  of  consolidated  gravel  or  shingle. 
The  oomponent  pebbles  are  rounded  and  water- worn.  They  may  consist  of  any  kind 
of  lock,  thoogh  usually  of  some  hard  and  durable  sort,  such  as  quartz  or  quartzitc. 
A  qieoial  name  may  be  given  according  to  the  nature  of  the  pebbles,  as  quartz 
eonglomerate,  limcstoue-oonglomerate,  granite-conglomerate,  &c.,  or  according  to  that 
of  the  paste  or  cementing  matrix,  which  may  consist  of  a  hardened  sand  or  clay,  and 
may  be  siliceous,  calcareous,  argillaceous,  or  ferruginous.  In  the  coarser  conglomeiates, 
where  the  blocks  may  exceed  six  feet  in  length,  there  is  often  very  little  indication 
of  stratification.  Except  where  the  flatter  stones  show  by  their  general  parallelism  the 
mde  lines  of  deposit,  it  may  be  only  when  the  mass  of  conglomerate  is  taken  as  a 
whole,  in  its  relation  to  the  rocks  below  and  above  it,  that  its  claim  to  be  considered 
a  bedded  rock  will  be  conceded.  The  occurrence  of  occasional  bands  of  conglomerate 
in  a  scries  of  arenao^eous  strata  is  analogous  prolmbly  to  that  of  a  shingle-bank  or 
gravel-beach  on  a  modem  coast-line.  But  it  is  not  easy  to  understand  the  cir- 
cnmstanocs  under  which  some  ancient  conglomerates  accumulated,  such  as  that  of 
the  Old  Ked  Sandstone  of  Central  Scotland,  which  attains  a  thickness  of  many 
thousand  feet,  and  consists  of  well  rounded  and  smoothed  l^locks  often  several  feet  in 
diameter. 

In  many  old  conglomerates  (and  even  in  those  of  Miocene  age  in  Switzerland)  the 
component  pebbles  may  bo  observed  to  have  indented  each  other.  In  such  cases  also 
they  may  be  found  elongated,  distorted  or  split  and  recemcnted ;  sometimes  the  same 
pebble  has  been  crushed  into  a  number  of  pieces,  which  are  held  together  by  a  retaining 
cement  Those  phenomena  point  to  great  pressure,  and  some  internal  relative  movement 
m  tho  rocks.    (Book  III.  Fart  I.  Section  iv.  §  3.) 

Breooia — a  rock  composed  of  angular,  instead  of  rounded,  fragments.  It  commonly 
presents  less  trace  of  stratification  than  conglomerate.  Intermediate  stages  between 
these  two  rocks,  where  the  stones  are  partly  angular  and  partly  subangular  and 
rounded,  are  known  as  hreceiated  conghmerafe,  ConHidcred  us  a  dctritul  deposit  formed 
by  superficial  waste,  breccia  points  to  the  dit<inti>gration  of  rocks  by  the  utmosplicre, 
and  the  accumulation  of  their  fragments  with  little  or  no  intorv'cutiou  of  running 
waiter.  Thus  it  may  be  fonued  at  the  base  of  a  clifl*,  either  sulmeriully,  or  whore  tho 
dehris  of  the  cliff  fulls  at  once  into  a  lake  or  into  deep  sea-water. 

The  term  Breccia  has,  however,  )>een  applied  to  rocks  formed  in  a  totally  different 
manner.  Angnlar  blocks  of  all  sizes  and  shapes  liave  been  discliarged  from  volcanic 
orifices,  and,  falling  back,  have  consolidated  there  into  brccciutod  masses  of  rock.  In- 
tnuive  igneous  eruptions  have  sometimes  torn  off  fragments  of  the  rocks  through  which 
they  have  ascended,  and  tlicHC  angular  fragments  have  been  enclosed  in  tho  h'quid 
or  pasty  mass.  Or  the  intrui<ivu  rock  has  cooled  and  solidified  externally  while  still 
motnle  within,  and  in  its  ascent  has  caught  up  and  involved  some  of  these  consoli- 
dated parts  of  its  own  substance.  Again,  where  solid  masses  of  rook  witliin  the  crust 
of  the  earth  have  ground  against  each  other,  as  in  dislocations,  angular  fragmentary 
mbbish  has  been  produced,  which  has  subsequently  been  consolidated  by  some 
iofillimting  cement  (Fault-rock).  It  is  (>videut,  however,  that  breccia  formed  in  one 
or  other  of  these  hypogeno  ways  will  not,  as  a  rule,  bo  apt  to  ]>i)  mistaken  for  the  true 
brfi-io.-,  itriislug  from  superficial  disintegration. 

Bandatone  (Gres)' — a  rock  composed  of  consolidated  sand.  As  in  ordinary 
mrfbrii  Hiimly  the  integral  grains  of  sandstone  are  oliiofly  (piartz,  which  must  hero 
if  re;o^rde<l  ut  the  residue  loft  after  all  tho  less  durable  minerals  of  tho  original 
Mrk^  havo  been  carried  away  in  solution  or  in  suspension  as  fine  mud.  The  colourri 
nf  iuiniUtoQCs  arise,  not  so  much  from  that  of  the  quariz,  which  is  commonly  white  or 


'  For  recent  analyses  of  some  Brituih  sandstones  useil  a^  building  stones,  see  Wallace, 
r,i^,  PMK  8oe.  GUu^,  xiv.  (1883),  p.  22. 
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grey,  as  from  the  film  or  criwt  which  often  coats  tho  grains  and  holds  them  together  as 
a  cement.  Iron,  tlio  great  colouring  ingredient  of  rocks,  gives  rise  to  red,  brown, 
yellow,  and  green  hues,  according  to  its  degree  of  oxidation  and  hydration. 

Like  conglomerates,  sandstones  differ  in  the  nature  of  their  component  grains,  and 
in  that  of  the  cementing  matrix.  Though  consisting  for  the  most  part  of  siliceous 
grains,  they  include  others  of  clay,  felspar,  mica,  or  other  mineral ;  and  these  may 
increase  in  numher  so  as  to  give  a  special  character  to  the  rock.  Thua,  sandstones  may 
be  argillaceous,  felspathic,  micaceous,  calcareous,  &c.  By  an  increase  in  tho  argillaceous 
constituents,  a  sandstone  may  pass  into  one  of  the  clay-rocks,  just  as  modem  sand  on 
the  sea-floor  shades  imperceptibly  into  mud.  On  the  other  hand,  by  an  augmentation 
in  the  size  and  sharpness  of  the  grainR,  a  sandstone  may  become  a  grit,  and  by  an 
increase  in  the  size  and  number  of  pebbles,  may  pass  into  a  pebbly  or  conglomeratic 
sandstone,  and  tlience  into  a  fine  conglomerate.  A  piece  of  fine-grained  sandstone,  seen 
under  the  microscope,  looks  like  a  coarse  conglomerate,  so  that  the  difference  between 
tho  two  rocks  is  litUe  more  than  one  of  relative  size  of  particles. 

The  cementing  material  of  sandstones  may  be  ferruginotu,  as  iu  most  ordinary  re<l 
and  yellow  sandstones,  where  the  anhydrous  or  hydrous  iron-oxide  is  mixed  with  elay 
or  other  impurity — ^in  red  sandstones  the  grains  are  held  together  by  a  hiematitic,  in 
yellow  sandstones  by  a  limonitic  cement;  argtllaeeouSf  where  the  grains  are  united 
by  a  base  of  clay,  recognisable  by  the  earthy  smell  when  breathed  upon ;  oa/carw>f», 
where  carbonate  of  lime  occurs  either  as  an  amorphous  paste  or  as  a  crystalline  cement 
between  the  groins;  siliceotu,  where  the  component  particles  are  bound  together  by 
a  flinty  substance,  as  in  the  exposed  blocks  of  Eocene  sandstone  known  as  "grey- 
weathers  "  in  Wiltshire,  and  which  occur  also  over  the  north  of  France  towards  the 
Ardennes. 

Among  the  varieties  of  sandstone  the  following  may  here  bo  mentioned.  Flag- 
stone—a thin-bedded  sandstone,  capable  of  being  split  along  the  lines  of  stetification 
into  thin  beds  or  flags ;  Micaceous  sandstone  (miea-pMmmits) — a  rock  so  full  of 
mica-flakes  that  it  splits  readily  into  thin  lamintc,  each  of  which  has  a  lustrous  surftMse 
from  the  quantity  of  silvery  mica.  This  rock  is  called  "fakes"  in  Scotland.  Free- 
st o  n  e— a  sandstone  (tlie  term  being  applied  sometimes  also  to  limestone)  which  can 
lx»  cut  into  blocks  in  any  direction,  without  a  marked  tendency  to  split  in  any  one  plane 
more  than  in  another.  Though  this  rock  occurs  in  beds,  each  bed  U  not  divided  into 
laminae,  and  it  is  tlio  absence  of  this  minor  stratification  which  makes  the  stone  so 
useful  for  architectural  purposes  (Craigleith  and  other  sandntones  at  Edinburgh,  some 
of  which  contain  98  per  cent,  of  silica).  Glauconitic  sandstone  (greon-eand)— 
a  pfludstono  containing  kernels  and  dusty  grains  of  glauconite,  which  imparts  a  genersl 
greenish  hue  to  the  rock.  The  glauconite  has  probably  been  deposited  in  association 
with  decaying  orpranic  matter,  as  where  it  fills  echinus-spines,  foraminifera,  shells 
and  corals  on  the  floor  of  tho  present  ocean.*  Buhrstone— a  highly  siliceous, 
exceedingly  compact^  though  cellular  rock  (with  Chara  seeds,  &c.),  found  alternating 
with  unaltered  Tertiary  Btrata  in  the  Taris  basin,  and  forming  from  its  hardness  and 
rouglmeFB,  an  excelhmt  material  for  tho  grindstones  of  flour  mills,  may  be  mentioned 
here,  though  it  probably  has  been  formed  by  the  precipitation  of  silica  through  the  action 
of  orfraninms.  A  r  k  o  s  e  (granitic  sandstorn')—Vk  rock  composed  of  disinte>grated  granite, 
and  foiiTul  in  geolofrical  formations  of  different  ages,  which  have  been  derived  from 
gran i li o  rockn.  Crystallized  e  a  n  d  a  t  o  n  o—  an  arenaceous  rock  in  which  a  deposit 
of  cr\\stalline  qnartz  has  taken  place  upon  the  individual  grains,  each  of  which  becomes  the 
nucleus  of  a  more  or  less  perfect  quartz  crystal.  Mr.  Sorby  has  observed  such  crystallize<l 
sand  ill  deposits  of  various  ages  from  tho  Oolites  down  to  the  Old  Red  Sandstone.* 

Qreywacke— a  compact  aggregate  of  rounded  or  stibangular  grains  of  quartz, 

I  Ante,  pj).  74,  157 :  BoUan,  Gt-ol.  Mag.  iii.  2nd  sor.  p.  530. 

"  Q.J.  (icol.  Sor.  xxxvi.  p.  G3.    See  Daubree,  Ann.  des  Mines,  2ud  scr.  i.  p.  200. 
A.  A.  A  ouug,  Amer.  Jonrn.  Set.  3rd.  ser.  xxiii.  257 ;  xxiv.  47. 
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felipor*  alaie,  or  other  minerals  or  rocks,  oementcd  by  a  paste  which  is  usually  siliceous, 
bot  may  be  argillaceous,  felspaUiic,  calcareous,  or  anthracitic.  (Fig.  13.)  Grey,  as  its 
name  denotes,  is  the  prevailing  colour  :  but  it  passes  into  brown,  brownish-purple,  and 
■ometimes,  where  anthracite  predominates,  into  bluck.  The  rock  is  distinguished  from 
ordinary  san^lstone  by  its  darker  hue,  its  hardness,  the  variety  of  its  component  grains, 
and,  above  all,  by  the  compact  cement  in  which  the  grains  are  imbedded.  In  many 
Tarieties,80  pervaded  is  the  rock  by  the  siliceous  paste,  that  it  possesses  great  toughness, 
and  its  grains  seem  to  graduate  into  each  other  as  well  as  into  the  surrounding  matrix. 
Sneh  rocks  when  fine-grained,  can  hardly,  at  first  sight  or  with  the  unaided  eye,  ]>o 
distingaiBhed  £rom  some  compact  igneous  rocks,  though  a  microscopic  examination  at 
ones  reveals  their  fragmental  character.  In  other  cases,  where  the  grey  wacke  has  been 
fomied  mainly  oat  of  the  debris  of  granite,  quartz-porphyry,  or  otlicr  felspathic  masses, 
the  grains  consist  so  largely  of  felspar,  and  the  paste  also  is  so  felspathic,  that  the  rock 
might  be  mistaken  for  some  close-grained  granular  porpliyry.  Greywacko  occurs  ex- 
tensively among  the  Palieozoic  formations,  in  beds  alternating  with  shales  and  conglo- 
merates. It  represents  the  muddy  sand  of  some  of  the  Palsaozoic  sea-floors,  retaining 
oflea  its  rii^le  marks  and  snn-cracks.  The  metamorphism  it  has  undergone  has 
generally  not  been  great,  and  for  the  most  part  is  limited  to  induration,  partly  by  pressure 
and  partly  by  permeation  of  a  siliceous  cement.  But  whore  felspathic  ingredients  proyail, 
the  rock  has  offered  facilities  for  alteration,  and  has  been  here  and  there  changed  into 
gneiss,  and  even  into  rocks  that  assume  a  granitoid  texture.  Some  varieties  have  a 
crystalline  base,  in  which  have  been  developed  muscovitc,  biotite,  quartz,  rutile,  tour- 
maline, &c. 

The  more  fissile  finc-giainod  varieties  of  this  rock  have  been  termed  greywacke-slato 
(p.  12G).  In  these,  as  well  as  in  grey  wacke,  organic  remains  occur  among  the  Silurian  and 
Devonian  formations.  Sometimes  in  the  Lower  Silurian  rocks  of  Scotland,  these  stratti 
become  black  with  carbonaceous  matter,  among  which  vast  numbers  of  groptolites  may 
be  observed.  Gradations  into  sandstone  are  termed  Greywacke-sandstono. 
In  Norway  the  reddish  felspathic  grey  wacke  or  sandstone  of  the  Primordial  rocks,  is 
called  Sparagmite. 

2.  Clay  Bocks  (Pclitcs). 

These  are  composed  of  the  finer  argillaceous  sediment  or  mud,  derived  from  the 
waste  of  rocks.  Perfectly  pure  clay  or  kaolin,  hydrated  silicato  of  alumina,  may  bo 
obtained  where  granites  and  other  felspar-bearing  rocks  decompose.  But,  as  a  rule, 
tlio  argillaceous  materials  are  mixed  with  various  impurities. 

Clay,  Mud. — ^The  decomposition  of  felspars  and  allied  minerals  gives  rise  to  tho 
formation  of  hydrous  aluminous  silicates,  which  occurring  usually  in  a  state  of  very  fine 
subdivision,  are  capable  of  being  held  in  suspension  in  water,  and  of  being  transported 
to  great  distances.  These  substances,  differing  much  in  composition,  are  embraced 
under  the  general  term  Clay,  which  may  be  defined  as  a  white,  grey,  brown,  red,  or 
bluish  substance,  which  when  dry  is  soft  and  friable,  adheres  to  the  tongue,  and  shaken 
in  water  makes  it  mechanically  tiu'bid ;  when  moist  is  plastic,  when  mixed  with  much 
water  becomes  mud.  It  is  evident  that  a  wide  range  is  possible  for  varieties  of  this 
substance.    The  following  are  the  more  important. 

ir«/>l-iT%  (Porcelain-clay,  China-clay)  has  been  already  noticed  (p.  73). 

Pipe-Clay — white,  nearly  pure,  and  free  from  iron. 

Fiie-Clay — lar^^cly  found  in  connection  with  coal-seams,  contains  little  iron, 
and  is  nearly  free  from  lime  and  alkalies.  Some  of  tho  most  typical  fire-clays  are  those 
long  used  at  Stourbridge,  Worcestershire,  for  the  manufacture  of  pottery.  Tho  best  glass- 
bouse  pot-day,  that  is,  tho  most  refractory,  and  therefore  used  for  the  construction  of 
pots  which  have  to  stand  the  intense  heat  of  a  glass-house,  has  tho  following  composi- 
tion: silica,  73*82;  alumina,  15*88;  protoxide  of  iron,  2*95;  lime,  trace;  magnesia, 
trace;    alkalies,    '00;    sulphuric  acid,  trace;    chlorine,  trace;  water,  6-45;    specific 

gravity,  2*51. 

M  2 
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Qiiiiiifi — t  -Tf-rr  .il-ep*'iiu  'UMK-eiiuaed  TBxecr.  fb^ii  is  tbe  Lflwer  God 
ri^tmma  ^f  :S.p  N'ovtli   -f  Rn?tanii.  iii«i  3ow  '.Mapri^  ifsovBi  Jdwh  m§  %  mmkaml  te  the 

Brtek-^lfly— fir-fyriv  scfacr  m  juinnsal  dan  &  zeoloanl  fiBfm,  snee  it  if 
ytfiiitifi  v>  in]r  *!ar.  ItmaL.  ir  3aith.  ^hm  wfaicfa.  vxeka  t  •squib  porteiy  on  Bade.  It  ii 
in  impnrr-  'Ur.  v^ntainxn?  i  *ni>i  ieai  if  iron,  ^njdi  nber  in^recBentK.  An  aaaXp^ 
jar^  "h^  ^ilowrnir  Ytmimadon  >[  i  hridc-dsr:  siiLea.  4D-4^:  jbrnoBm^^'^;  «■%«• 
-Tif^  '^.rrn.  T-Tt;  iime:  I  *fi :  aaeaoB. 3'!^:  ^fastXL  I*^ 

Fuller's  Earth  Tm-  &  fcmnn.  Waikefde)— «&  *reesiiih  'W  hmviiBi^  eKtbT^nft, 
y'lnrvfaAC  -mrmnnm  ifi^jnnufrr^,  -rth  ti  ^jiixiizi^  mnaiL,  whiA  'hxa  not  Lilouum  pliflif 
-r.rli  ^nu-r.  Snt  <:ninbi»  ioim  juo  stud.  £c  ia  a  IiTdnma  almiinaaa  irilif  tw  vikh 
^TiM  ma^neAia^  imn-oxide  jnd  ^wda.  Tlie  5«iQow  iniUes'i  eardL  of  Eftgatt  cnntiiM 
SiiuA  H.  alamina  IL  nxide  if  iron  la  oaeziBia  t.  lime  X  aula  J.^  £i  Espiaiid  fidkrli 
'iArth  'wnn  in  Vfb  amixie  tiu*  riiiaaiii  jnd  CifcttceoiB  fririunMiiML  £i  Saxony  it  ii 
fonivi  M  ft  naoit  •^f  die  •ieeompoosioii  ai  ifiaoaae  and  ptbhto. 

WftdEa— A  'iirtj-^mtrn  ai  brownish-biack.  eaitiif  «  ocmpact.  but  tender  aad 
ftptpan»tlj  hmno^neaiu  daf.  which  uiMa  aa  die  nlomase  itege  of  the  deeampostioD 
of  haMlfrmid  m  n'iif . 

Tin,  Boaldcr-day — a  adiT  aamir  ami  jbhit  oiar.  Tarrmg  in  eoloar  and  eoM- 
p^Qon,  acpipling  to  the  efaanrter  of  die  zocIb  of  die  diatiKt  in  wiiich  it  liea^  It  ii 
fnll  of  vora  Mooea  of  ill  siea.  up  to  blorki  wdsdune  Kveral  toBa»  and  often  veD- 
iiTikyjdMd  and  atriateiL  It  ia  a  g;iaeifll  depngt,  aod  wifl  be  dcKribed  among  die  frnnatinBa 
of  di«  Gladal  Pehnd. 

Modatona  a  due,  oanall  j  mure  or  les  aandr,  arzillaeeooi  lodc  haTin^  no  fiaile 
rfaancter,  and  of  iomewtias  zreater  hardneB  than  aaj  form  of  dar.  Tiie  term  C 1  a  j- 
r  o  e  k  has  bom  applied  hj  Mme  writers  to  an  indncUed  elav  reqniring  to  be  groimd 
and  mix^  with  water  befire  it  aerioires  plastieitr. 

Shnle  (Mtiitft,  SehiefefthoQ>-«  zenaal  tera  Uy  di»cribe  clay  that  haa  aaramed  a 
thmlj  straktiflerl  or  fLaAUe  jtmctnre.  Under  thii  term  are  inclaled  laminated  and  aone- 
what  harrleoffi  arsiUaeeijTu  rocki,  which  are  capable  of  bein^  split  along  tbe  lines  of 
*\f^m\t  into  thin  Iraves.  They  present  almost  endless  varieties  of  textnze  and  eom- 
fiTiftition,  {Msain;^,  m  the  one  hanil,  into  clays,  or,  whei^  mnch  indurated,  into  slates  and 
urj^UH^fjju  schists,  on  the  other,  into  dagstonea  and  sandstones,  or  again,  through 
f^ilrarr-onii  (pudatiooa  into  limestone,  or  thion;;h  fermginons  varieties  into  olay-ironstone, 
nij'I  tiiron^h  bitnminon:!  kinds  into  coal.  Some  of  the  altere^l  kinds  of  day-rocks  bsTO 
fihftulj  heen  dr-scriljed  (p.  12r>> 

liOam — an  f:artby  mixtnre  of  clay  and  sand  with  more  or  less  organic  matter.  The 
Murk  soils  of  Knssia,  India,  See,  (Tchemosem,  Regnr  <,  are  dark  deposits  of  loam  rich  in 
or<^nic  inatt<>r,  and  sometimes  upwards  of  twenty  feet  deep. 

IfOesa — a  pale,  somewhat  calcoreons  clay,  probably  of  wind-drift  origin,  found  in  some 
river-valleys  (Bhine,  Danul>e,  5fi»iBHippi,  &c.),  and  over  wide  regions  in  China  aad 
ilHfwlicre.    It  is  described  in  Book  III,  Port  ii.  Sect.  i.  §  1. 

Xiaterita — a  ccUulnr,  reddish,  femiginous  clay,  found  in  some  trojncal  countries  as 
ttio  rosiilt  of  the  subacrial  dccom|X)6itiou  uf  rocks ;  ii  acquires  grcnt  hardness  after  being 
'Iunrri(Ml  out  and  dried. 

8.  Volcanic  Frag^ental  Rocks— Tiiflfk 

This  HrTfioii  compri»c8  nil  deposits  which  have  resulted  from  tho  comminution  of 
volraiilr  nwks.  Thry  thus  include  (1;  those  wliioh  consist  of  tho  fragmentary  materials 
fjpotiHl  fr(»m  vulraiiio  foci,  or  tho  true  nshcs  and  tufts;  and  (2)  some  rooks  derived  frooi 
tho  HU|>rriioiiil  disiutcgration  of  already  criiptod  niid  consolidated  volcanio  masses 
i  >bvioUHly  the  Hooond  Hcries  ought  properly  to  be  classed  with  tho  sandy  or  clayey  rocka 
idMivc  doserilH  d,  sinco  they  havo  been  formed  in  tho  same  way.    In  practice,  however, 

'  lire's  Jh'rL  .-Ir/x,  Ac.  ii.  p.  142. 
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thfise  dctrital  reoonstnteted  rooks  cannot  always  be  certainly  distiuguisbcd  from  those 
which  have  been  formed  by  the  consolidation  of  true  volcanic  dust  and  sand.  Their 
chemical  and  lithological  characters,  both  macroscopic  and  microscopic,  are  occasionally 
■0  similar,  that  their  respective  modes  of  origin  have  to  be  decided  by  other  considora- 
taonB,  snch  as  the  oocarrence  of  lapilli,  bombs,  or  slags  in  the  truly  volcanic  series,  and  of 
well  water-worn  pebbles  of  volcanic  rocks  in  the  other.  Attention  to  these^  features, 
however,  usually  enables  the  geologist  to  make  the  distinction,  and  to  perceive  that  the 
nnmber  of  instances  where  he  may  be  in  doubt  is  less  than  might  be  supposed.  Only  u 
oomparaiively  small  number  of  the  rocks  classed  here  are  not  true  volcanic  ejections. 

Beferring  to  the  account  of  volcanic  action  in  Book  III.  Part  I.,  we  may  here  merely 
dg&o»  the  use  of  the  names  by  which  the  di£ferent  kinds  of  ejected  volcanic  materials 
m  known. 

Voloanio  Blocks — angular,  sub-angular,  round,  or  irregularly-shaped  masses  of 
lavm,  several  feet  in  diameter,  sometimes  of  uniform  texture  throughout,  as  if  they  were 
large  fragments  dislodged  by  explosion  from  a  previously  consolidated  rock,  sometimes 
Dompaet  in  the  interior  and  cellular  or  slaggy  outside. 

Sombe — ^round,  elliptical,  or  discoidal  pieces  of  lava  from  a  few  inches  up  to  one 
or  more  feet  in  diameter.  They  are  frequently  cellular  internally,  while  the  outer  parts 
ue  fine  grained.  Occasionally  they  consist  of  a  mere  shell  of  lava  with  a  hollow 
interior  like  a  bomb-shell,  or  of  a  casing  of  lava  enclosing  a  fragment  of  rock.  Their 
nude  of  origin  is  explained  in  Book  UI.  Part  I.  Sect.  i.  §  1. 

IiapiUi  (rapilli)— ejected  fragments  of  lava,  round,  angular,  or  indeflnite  in  shape, 
niying  in  size  from  a  pea  to  a  walnut.  Their  mineralogical  composition  depends  upou 
ihmi  of  the  lava  from  which  they  have  been  thrown  up.  UsuaUy  they  are  porous  or 
inely  vesicular  in  texture. 

Volcanic  Band,  Voloanio  Ash— the  finer  detritus  erupted  from  volcanic 
crifiees,  consisting  partly  of  rounded  and  angular  fragments  up  to  about  the  size  of  a 
pea,  derived  from  the  explosion  of  lava  within  eruptive  vents,  partly  of  vast  quantities 
of  microliths  and  crystals  of  some  of  the  minerals  of  the  lava.  The  finest  dust  is  in  a 
lUte  of  extremely  minute  subdivision.  When  examined  under  the  microscope,  it  is 
tometimes  found  to  consist  not  only  of  minute  crystals  and  microliths,  but  of  volcanic 
giftfls,  which  may  be  observed  adhering  to  the  microliths  or  crystals  round  which  it 
flowed  when  still  part  of  the  fluid  lava.  The  presence  of  minutely  cellular  fragments  is 
ehsracteristic  of  most  volcanic  fragmental  rocks,  and  this  structure  may  commonly  be 
obaerved  in  the  microscopic  fragments  and  filaments  of  glass. 

When  these  various  materials  arc  allowed  to  accumulate,  they  become  consolidated 
and  receive  distinctive  names.  In  cases  where  they  fall  into  the  sea  or  into  lakes,  they 
are  liable  at  the  outer  margin  of  their  area  to  bo  mingled  with,  and  insensibly  to  pofes 
iuto  ordinary  non-volcanic  sediment.  Hence  wo  may  expect  to  find  transitional  varieties 
between  rocks  formed  directly  from  the  results  of  volcanic  explosion  and  ordinary  st  di- 

Bieotary  deposits. 

Volcanic  Conglomerate — a  rock  composed  mainly  or  wholly  of  rounded  or 
iob-angular  fragments,  chiefly  or  wholly  of  volcanic  rocks,  in  a  paste  derived  from 
;he  same  materials,  usually  exhibiting  a  stratified  arrangement,  and  often  found 
atercalated  between  successive  sheets  of  lava.  Conglomerates  of  this  kind  may  have 
icen  formed  by  the  accumulation  of  rounded  materials  ejected  from  volcanic  vents  ;  or 
iS  the  result  of  the  aqueous  erosion  of  previously  solidified  lavas,  or  by  a  combination 
JL  both  these  processes.  Well-rounded  and  smoothed  stones  almost  certainly  indicate 
ong-continued  water-action,  rather  than  trituration  in  a  volcanic  vent.  lu  the  Western 
r«rritories  of  the  United  States  vast  tracts  of  country  aro  covered  with  masses  of  such 
.Mntglomerate,  sopiotimcs  2000  feet  thick.  Captain  Duttou  has  recently  shown  that 
omilar  deposits  are  in  course  of  formation  there  now,  merely  by  the  influence  of  dis- 
integration upon  exposed  lavas.* 

»  '  High  Plateaux  of  Utah,'  p.  77. 


Volc^nio  coDglomoraks  recoiv<i  different  n&mea  nccnrding  to  the  nature  of  the  onm- 

poiioiit   fmBiQontB ;    iliiis   we  have  hae<Ut-(oni}loiiKraU>,   whcro  these   fragment*  are 
i\]io]ly  or  mninlj  of  basnlt,  trai^hyte-conglomerattt,  porphyrile-eonglomtTalfi,  ^lonolife- 

Volcanic  Breccia  n'scmblcs  Volcunio  Coni^lomerate,  osoept  thnt  the  itenec  are 
angular.  This  ao^'ularit;  indicstCE  an  absence  of  aqnoons  oiadoD,  and,  nnder  the 
circumBtances  iu  whiob  it  Is  foond,  nanally  pointa  to  immediately  adjeoent  voleanio 
L-ipIosionB.    There  is  a  great  vailetjr  of  breoeias,  ee  batall-bneda,  didbaie-ireeeia,  to.- 

Tolconic  Agglomerate— a  tnmnltaoiu  nssemblago  of  blocks  of  all  rixtit  up  ta 
uuuBoa  BCToml  yards  in  diameter,  met  with  iti  the  "  necks "  or  [Hpes  of  old  Toloajiie 
orifloes.  The  stoues  and  paste  are  oommonly  of  one  or  mora  voleanio  Todu,  soch  m 
basuU  or  porpbyrile,  but  they  inclnde  also  frngwcnla  of  the  sntrotinding  rooks,  irhatoTet 
tbcBoma;  bo,  throngh  vbloli  tlio  yolcanioori&ce  has  been  drilled.  Asan]1e,eggIometate 
is  devoid  ofatratiflcation;  but  sometimes. it  includes  portions  which  have  a  mran  orlen 
distinct  Bimngement  into  beds  of  coarser  and  finer  detritus,  often  placed  on  end,  or 
inclined  in  diflcrent  directions  at  high  onglet,  aa  described  in  Book  IV.  Port  VU. 

Voloonic  Tuff. — This  gcuoral  term  may  ho  made  to  iitclado  all  the  fluct  klads  of 
volcanic  detritus,  miging,  on  tlio  one  hand,  thiongh  cettrse  gravelly  deposits  into  cou- 
glomcrates,  and  on  the  other,  into  cioecdingly  compact  fino'grained  loclu,  formed  of  the 
finest  and  most  impalpable  kind  of  volcanic  dust.  Some  modem  tuflHi  are  full  of 
microliths,  derived  frran  the  lava  wliich  nas  blown  into  dust.  Others  are  formsd  of 
small  rounded  or  anguUr  grains  of  different  lavas,  with  fragments  of  various  locka 
through  which  the  voIcaDto  funnels  have  been  drilled.  The  tuffs  of  earlier  gcohigkal 
periods  Iiave  often  been  so  much  altered,  that  it  is  difficult  to  slate  what  may  have  been 
their  original  oouditioo.  Tbe  absence  of  microliths  and  glass  In  them  ia  no  proof  that 
they  are  not  tnic  tuffs ;  for  the  presence  of  tliesc  bodies  depends  upon  the  natnre  of  tho 
lavas.  If  the  latter  were  not  vilreoai  and  miorolithie,  neither  would  bo  the  tnffii 
derived  f>om  them.  In  the  CWboniferous  ToIc»nio  area  of  Central  Soollond,  Uio  tuflk  ua 
madeup  of  debris  and  blocks  of  tbe  basaltic  Istu, 
and,  liko  these,  are  not  microlithio,  though  in 
Botne  places  they  abound  In  frsgments  of  pala* 
gonile.  (Fig.  28.) 

Tuffs  have  eoneolidated  sometimes  under 
water,  sometimes  on  dry  land.  As  a  rule,  they 
aro  distinctly  stratified.  Near  the  original  Tenfai 
of  eruption  they  commonly  preeent  rapid  altet^ 
nations  of  finer  and  ooarscr  detritus,  indieatiTO 
of  successive  phases  of  voleanio  activity.  They 
neneflarily  shade  off  into  tbe  sedimentary  for- 
mations with  which  they  were  oontemporaneomL 
Thus,  ne  have  tuffs  passing  giadually  into  shale, 
limestone,  sandstone,  ix.  The  intermediate 
varieties  have  been  called  aAy  $halt,  tufaeeoM 
'  thole,  or  thalty  tnf,  &c.  From  the  dmunutanooi 
of  their  formation,  tuffs  frniuently  preseire  the 
remains  of  plants  and  animals,  both  terrestrial  and  aquatic.  Tboee  of  Ifonte  Somma 
oontain  fragments  of  land-plants  and  shells.  Some  of  those  of  Carboniferous  ago  in 
Central  Scothiod  have  yielded  crinoids,  brachiopods,  and  other  marine  shells.  Like  the 
other  fragmentary  voleanio  rocks,  the  tuffs  may  he  subdivided  accoiding  to  tbe  nature 
of  the  lava  from  tho  disintegration  of  which  they  have  been  formed.  Thus  we  bave 
fthiU-lnfi,  Iraehyle-tufft,  bamti-tufi,  pumiee-lafe,  porpliyHle-tvffM,  fto.  A  few  varietin 
with  special  oharactcriatirs  may  bo  mentioned  here.' 

'  Oh  tJio  occurrence  and  Btructurc  of  tufla,  see  J.  C.  Ward,  Q.  J,  (,'roi  Soe.  ixxi 
p.  iiS8;  Beyer,  Jahrb.  Qtol  Jfcicftwnif .  1881,  p. 57 ;  Oeikie,  Traai.  Soy.  Soe.  Edin.  xiix.; 
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TrmSB-— a  iMile  yollow  or  grey  rook,  rough  to  the  feel,  oompoBed  of  an  earthy  or 
eompaet  pumioooiis  duaft,  in  which  fragments  of  pumioc,  trachyte,  grey wackc,  basalt, 
curfaanixed  wood,  &o^  are  imbedded.  It  has  filled  np  some  of  the  valleys  of  the  Kifel, 
where  it  is  largely  quarried  as  a  hydraulic  mortar. 

Fdpaorino — a  dark-brown,  earthy  or  granular  tuff,  found  in  conHidemble  quantity 
among  the  Alban  Hills  near  Rome,  and  containing  abundant  crystals  of  augite, 
mioa,  lencite,  magnetite,  and  fragments  of  crystalllno  limestone,  basalt,  aud  Icucite- 
lafm. 

Palagonite-Tuff—- a  bedded  aggregate  of  dust  and  fragments  of  basaltic  lava, 
among  which  are  couspiouous  angular  pieces  and  minute  granules  of  the  pale  yellow, 
greeOt  red,  or  brown  basic  glass  called  palagonite.  This  vitreous  substance  is  intimately 
lelatod  to  the  basalts.  It  appeara  to  have  gathered  within  volcanic  vents  and  to  have 
beeu  emptied  thence,  not  in  streams,  but  by  successive  aeriform  explosions,  aud  to 
have  been  subser^uently  more  or  less  altered.  The  itercentage  composition  of  a 
specimen  from  the  typical  locality,  Palagonia,  in  the  Yal  di  Noto,  Sicily,  was  estimated 
by  Sartorius  von  Waltershausen  to  be  silica,  41*26;  alumina,  800  ;  ferric  oxidc^  2532 ; 
lime,  5'59 ;  magnesia,  4*84  ;  potasli,  0*54 ;  soda,  1*06 ;  water,  12*79.  This  rook  is  largi^ly 
developed  among  the  products  of  the  Icelandic  and  Sicilian  volcanoes ;  it  occurs  aUo  in 
the  Eifel  and  in  Nassau.  It  has  recently  been  found  to  bo  one  of  the  chamcteristio 
features  of  tuffs  of  Carboniferous  ago  in  Central  Scotland.'  (Fig.  28.) 

Sohalatein* — ^Under  this  name,  German  petrographers  have  placed  a  variety  of 
rucks  which  consist  of  a  green,  grey,  red,  or  mottled  diabase-tuff,  iuiprcgimte<l  with 
carbonate  of  lime,  and  mixed  with  calcareous  and  argillaceous  mud.  Tbey  are  inter- 
stratified  with  the  Devonian  formations  of  Nassau,  the  Harz  and  Devonsbire,  and  with 
the  Silurian  rocks  of  Bohemia.  They  sometimes  contain  fragments  of  clay-slate,  and 
are  occasionaUy  fossiliferous.  They  present  amygdaloidal  and  porphyritic,  as  well  as 
perfectly  laminated  stmctures.  Probably  they  are  in  most  cases  true  tuffs,  but 
£r*nietimes  they  may  be  forms  of  diabase-lavas,  which,  like  the  stratified  fonnations  iu 
which  they  lie,  have  undergone  alteration,  and  in  particular  have  acquired  a  more  or 
less  distinctly  fissile  structure.' 


4.  Fragmeutal  Bocks  of  Organic  Origin. 

This  series  includes  deposits  formed  either  by  the  growth  and  decay  of  organisms 
««i  isita^  or  by  the  transport  and  sulisecjuent  accumulation  of  their  remains.  These  may 
1>i>  couveniently  grouped,  according  to  their  predominant  chemical  ingredient,  into 
Calcareous,  Siliceous,  l*hosphatic.  Carbonaceous,  and  Ferruginous. 

1.  Calcareouh. — Besides  the  calcareous  formations  above  described  (p.  118)  among  the 
stratified  cr}'stalline  rocks  as  resulting  from  the  deposition  of  chemical  precipitates,  a 
still  more  important  series  is  derived  from  the  remains  of  living  organisms,  either  by 
growth  on  the  spot  or  by  transport  and  accumulation  as  mechanical  sediment.  To  by  far 
the  larger  j>art  of  the  limestones  intercalated  in  the  rocky  framework  of  our  continents, 
an  organic  origin  may  with  probability  be  assigned.  It  is  true,  as  has  been  above 
mentioned,  that  limestone,  formed  of  the  remains  of  animals  or  plants,  is  liable  to  an 
internal  crystalline  rearrangement,  the  effect  of  which  is  to  obliterate  the  organic 
structure.    Hence  in  many  of  the  older  limestones,  no  trace  of  any  fossils  can  1x3 


metamorpl , __„ 

(U.  8.  Geograpb:  and  Geol.  Survey  of  llocky  Mounts.),  1880,  p.  79. 

*  Tran».  Roy.  Soc.  Edin.  xxix.  p.  514. 

«  C.  Koch,  Jaiirb.  Ver,  Nat  Na$mu,  xui.  (1858)  21G,  238.    J.  A.  Philli])s,  (^.  J,  Otul, 
ike.  xxxii,  p.  155,  xxxiv.  p.  471. 
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detccl«il,  au<1  yot  these  rocka  irero  olmoat  certainly  fonued  of  orgtmio  lemaini.  An 
nttuDlive  microscopio  atndy  of  orgiinic  cnl«aroons  gtrncturoa,  and  oT  the  mode  of  their 
leiilucement  by  cryriulline  calritc,  HfTordH.  however,  indications  of  former  oigknianu, 
uvcD  in  tlic  midst  of  thntoughly  cryetalliDO  materialB.' 

Limestone,  onnpoHed  of  the  Temaina  of  calourcoiu  nrf^nisma,  is  Ibond  in  lajen 
wlitcli  range  from  mL-re  tbin  lamioK)  ap  to  uutasiTe  bods,  sevend  feet  or  eren  yards  in 
thickness.  In  somo  ii)8tann»i  snch  m  that  of  the  UarbonifetouB  or  Honntsin  Umeatooa 
of  England  nnd  Ireland,  iind  that  of  the  Coal-mcoanrca  in  Wyoming  and  Utah,  tt  oocmi 
in  coDtinoouB  superpoaod  bcdx  to  a  united  thicknesaof  several  thousand  feet,  and  extenda 
for  hundreds  of  square  miles,  forming  u  ro^k  out  of  vhich  picturesque  gorges,  hills, 
and  tablelands  have  been  excavated. 

Limestones  of  orgiiuio  origin  present  ever;  gradation  of  texturo  and  ttmetiue,  from 
mere  soft  calcareons  mud  or  earth,  evidently  composed  of  entire  or  cnimbled  orguiisitii 


lip  In  bolid  compact  eri-slaUine  rock,  in  whieh  indioutions  of  an  orgaoio  source  can 
hardly  bo  perceived.  Mr.  Sorby,  in  tho  dddrass  already  cited,  called  renewed  attentioii 
to  tho  importance  of  the  Form  in  which  carbonate  of  lime  is  built  up  into  uimal 
structures.  Quoting  tho  opinion  of  Hose  esprcaacd  in  1858,  thet  llio  divBraily  in  the 
stole  of  preeervaljon  of  different  eliells  might  be  due  to  the  fact  ttiat  some  of  thorn  had 
llieir  limo  as  calcite,  otlierB  as  aragonite,  he  showed  tliat  tliis  opinion  is  amply  supported 
Ijy  niicroDCOpie  examination.  Even  in  the  shells  of  a  recent  raised  beach,  ho  observed 
tliiit  the  inner  aragouite  layer  of  the  common  niUBscl  hnd  been  completely  removed, 
thimsh  tlie  outer  layer  of  euleite  was  well  preservi-d.  In  some  shellj  limestones  con- 
taining casU,  the  ursgonllo  sliolls  have  alone  disuppearai,  and  wliero  those  still  remain 


'  Sorby,  Addrett  to  Geol.  Si-oietij,  February,  1870. 
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repraieiited  by  a  oaloareous  layer,  tUis  lias  no  longer  the  original  structure,  but  is  more 
or  less  ooaisely  orjrstalline,  being  in  fact  a  pseudomorph  of  calcito  after  aragonite,  and 
quite  unlike  oontignoiis  oaldte  shells,  which  retain  their  original  microscopical  and 
opika]  ofaaracten.1 

The  following  list  comprises  some  of  the  more  distinctive  and  important  forms  of 
dganically-derifed  limestones. 

8 hell- Marl— a  soft,  white,  earthy,  or  crumbling  deposit,  formed  in  lakes  and 
poods  by  the  aocamnlatitni  of  the  remains  of  shells  and  Entomosiraca  on  tho  bottom. 
Whoi  such  caksaieous  deposits  become  solid  compact  stone  they  are  known  as  fresh-water 
(faauinme)  UmmUmei,  Those  axe  generally  of  a  smooth*  texture,  and  either  dull  white 
or  pale  grey,  their  fxaoture  slightly  conohoidal,  rarely  splintery. 

Lnmachelle— a  oompaot,  dark-grey  or  brown  limestone,  charged  with  ammonites 
or  other  fossil  shells^  which  are  sometimes  iridescent,  giving  bright  green,  blue,  orange, 
and  dark  red  tints  (fire-marble). 

Calcareous  (Foraminiforal)  Ooze— a  white  or  grey  calcareous  mud,  of 
organic  origin,  found  covering  vast  areas  of  the  floor  of  the  Atlantic  and  other  oceans, 
and  formed  mostly  of  the  remains  of  Faramini/era^  particularly  of  forms  of  tlio  genus 
Ohbigerima.  (Fig.  29.)  Further  account  of  this  and  otlier  organic  deep-sea  deposits  is 
given  in  Book  Uh  Fit  U.  Section  iiL 

8 hell -8 and— a  deposit  composed  in  great  measure  or  wholly  of  comminuted 
shells,  found  commonly  on  a  low  shelving  coast  exposed  to  prevalent  on-shore  wintls. 
When  thrown  above  the  reach  of  the  waves  and  often  wetted  by  rain,  or  by  trickling 
nioDels  of  water,  it  is  apt  to  become  consolidated  into  a  mass,  owing  to  the  solution  and 
redepoeit  of  Kme  round  the  grains  of  shell  (p.  159). 

Coral-rook — a  limestone  formed  by  the  continuous  growth  of  coral-building 
polyps.  This  substance  aifords  an  excellent  illustration  of  the  way  in  which  organic 
stnietuxe  may  be  eflaoed  from  a  limestone  entirely  formed  from  the  remains  of  once 
living  animals.  Though  the  skeletons  of  the  reef-building  corals  remain  distinct  on 
tiio  upper  surfiaoe,  those  of  their  predecessors  beneath  them  are  gradually  obliterated  by 
the  passage  through  them  of  percolating  water,  dissolving  and  redcpositing  calcium 
carbonate.  We  oan  thus  understand  how  a  mass  of  crystalline  limestone  may  have 
been  produced  from  one  formed  out  of  organic  remains,  without  tho  action  of  any 
subterranean  heat,  but  merely  by  the  permeation  of  water  from  tlic  surface.' 

Chalk — a  white  soft  rock,  meagre  to  tho  touch,  soiling  tho  fingers,  formed  of  a  fine 
calcareous  flour  derived  from  the  remains  of  Foraminifenij  echinoderms,  mollosks,  and 
other  marine  organisms.  By  making  thin  slices  of  the  rock  and  examining  them  under 
the  microscope,  8orby  has  found  that  Foraminifera,  particularly  Globigerina,  and 
single  detached  cells  of  comparatively  shallow-water  forms,  probably  constitute  less 
than  half  of  the  rock  by  bulk  (Fig.  14),  the  remainder  consisting  of  detached  prisms  of 
the  outer  calcareous  layer  of  Inoeeramus,  fragments  of  Ontrea^  Peclen,  echinoderms, 
spicules  of  sponges,  &c    It  is  not  quite  like  any  known  modem  deep-sea  deposit. 

Crinoidal  (Encrinite)  Limestone — a  rock  composed  in  great  part  of 
crystalline  joints  of  encrinites,  with  Foraminifera^  corals,  and  mollusks.  It  varies  in 
colour  from  white  or  pale  grey,  through  sliadcs  of  bluish-grey  (sometimes  yellow  or 
brown,  less  commonly  red)  to  a  dark-grey  or  even  black  colour.  It  is  abundant  among 
Paheozoic  formations,  being  in  Western  Europe  especially  characteristic  of  the  lower 
part  of  the  Carboniferous  system. 

2.  8iLicEors. — Silica  is  directly  eliminated  from  both  fresh  and  salt  water  by  the 
vital  growth  of  plants  and  animals.    (Book  III.  Part  II.  Section  iii.) 

'  The  student  will  find  the  address  from  which  these  citations  are  mode  full  of 
toUggestive  matter  in  regard  to  the  origin  and  subsequent  history  of  limestones. 

'  Sec  Dana's  '  Coral  and  Coral  Islands,'  p.  354 ;  also  tho  account  of  the  Devonian 
and  Carboniferous  limestones  in  tlie  present  voliuuc.  Dui)ont  has  shown  that  many  of 
tho  massive  limestones  of  Belgium  have  been  formed  by  reef-like  masses  of  Stromatopora 
or  allied  organisms. 
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Diatom-earth,  Tripolite  (lufiuoriul  curth,  Kittti'lguhry-^  8iliceoiudc|)CMit  fornieil 
chicHy  of  tho  fruutules  oi'dialomis,  laid  down  both  in  salt  and  in  fresh  wuter.  Wide  aretu 
(tf  it  arc  now  iKrinp:  dciKwited  un  the  bed  of  tho  South  Pacific  {Diatomooz*:,  Fi<;.  173).  lu 
Vir;::inia,  Uuitod  Stat(.>s,  nn  cxtoiitiivo  tntc^t  oc^nird  i>ovcrcd  with  diatom-earth  to  a  depth 
of  4U  feet  It  likfwiHO  underlicB  poat-mos8C8,  probably  as  an  original  hiko-depnsit.  It 
irt  UHcd  Oi*  Tn'ifoli  powtlcr  for  i)oli»hin«  pur])OHCtf. 

Radiolarian-ooze — an  abyduuil  murine  tlqiosit  oonBitftiuj^  mainly  of  the  remains 
of  bilJL'cous  r.i<liohiriand  and  diatoms.  It  is  further  referred  to  in  Book  III.  Part  II. 
iSection  iii. 

Flint  (Uliert,  Phtiinite,)  haH  V)ecn  already  (p.  122)  dcscribetl,  but  should  iiud  a  plai-u 
also  h<*rr  from  its  evident  connecHon  \iith  orpinic  agency.  It  frc<|ucntly  encloses 
si^jngos,  ccliini,  shells,  &c.,  and  has  evidently  formed  round  these  on  tho  sea-floor,  and  has 
repla(*i.Hl  their  original  culcium-carlionate.  In  some  cases,  as  in  the  spicules  of  apouges, 
it  had  had  a  directly  organic  origin,  having  l)een  secreted  from  sea-water  by  the  living 
orgiinismH;  in  other  oasi^s,  when'  for  exam])lo  we  lind  a  calcareous  hhelK  or  echiniw,  ur 
coral,  convertetl  into  nilira,  it  would  seem  that  tlio  suI>stitntion  of  sili<*a  for  calciimi-car- 
bonate  has  been  eftecteil  by  a  process  of  chemical  pseudomorphism,  cither  after  orduriu;; 
the  formation  of  the  limestone.  Tho  vertical  ramifying  masses  of  flint  in  chalk  shuw 
that  the  calcareous  ooze  had  to  some  extent  accumulated  before  the  segregivliou  of  thcM^ 
massi's.*    (.'hert  (I*htanite)  al>ounds  in  tho  Carboniferous  Limestone  o(  Western  Europi-. 

3.  IMiosruATic. — A  few  invertebrata  contain  phosphate  of  lime.    Am<mg  these  may  l*e 
mentioned  the  bntchiopods  Lingula  and  Orldenliit^  also  Conularia^  Serpulite*,  anil  some 
recent  and  fotisil  Crustacea.    Tho  shell  of  the  recent  Lingula  ovalU  was  found  by  Hunt  t'l 
contain,  after  calcination,  <31  per  cent,  of  fixed  residue,  which  consisted  of  85*70  per  cent,  of 
pliosphate  of  lime ;  11*75  carbonate  of  lime,  and  2*80  magnesia.    The  bones  of  vertebrate 
animals  likewine  contain  a1x)ut  60  per  cent,  of  phosphate  of  lime,  while  their  excrement 
sometimes  abounds  in  the  same  substance.    Uence  deposits  rich  in  phosphate  of  limo 
have  resulted  from  the  accumulation  of  animal  remains  from  Silurian  times  up  to  the 
present  day.    Associated  with  the  Bida  limestone,  in  tho  Lower  Silurian  scries  of 
North  Wales  is  a  band  composed  of  concretions  cemented  in  a  black,  graphitic,  slightly 
lihosphatic    matrix,    and    containing    usually    (H    i)er   cent,    of   phosphate  of   limi 
(phosphorite).'    Tlu*  tests  of  the  trilobites  and  other  organisms  among  the  Cambriar 
rocks  of  Wales  also  contain  phosphate  of  lime,  sometimes  to  the  extent  of  20  pf 
cent.*     Phosplialic,  though  certainly  far  inferior  in  cxtt'ut  and  importance  to  calcan>or 
and  even  to  siliceous,  formations,  are  often  of  singuhir  gef»logical  interest.    The  followi 
examples  may  serve  as  illustnitions. 

Guaiio— a  dejxisit  consisting  mainly  of  the  ilroppings  of  sea-fowl,   formed 
islanils  in  niinloss  tracts  oft"  the  western  coasts  of  South  America  and  of  Africa. 
is  a  brown,  light,  powdery  substance  with  a  |>eculiar  ammoniacal  odour.    Anal 
of  American   guano   give — combustibh;   organic   matter  and  acids,    11*3;  amir 
(<Nirbonate,  urate,  l^c),  •»1'7  ;  fixed  alkaline  salts,  sulphates,  phosphates,  chlor 
&e.,  SI ;  pho.s2)hatee  (»f  lime  and  magnesia,  22*5  ;  oxalate  of  lime,  2*6;  sand  aude 
matter,  I'G;  water,  22*2.    This  remarkable  substance  is  highly  valuable  as  a  sov 
artiticial  manures.    (Book  III.  Part  II.  Section  iii.) 

Bone-Breccia — a  deposit  consisting  largely  of  fragmentary  bones  of  lb 
ext  iuct  species  of  mammalia,  found  sometimes  under  stalagmite  on  the  iioom  f 
hton(>  caverns,  more  <^r  less  mixcil  with  earth,  sand,  or  lime.    lu  some  older  ^ 
tonnations,  bone -beds  occur,  formed  largely  of  the  rcmuinB  of  leptiJcft 
U!j  the  *'Lias  bone-bed,"*  and  the  "Lmllow  bone-bed." 


*  ( >n  formation  of  clialk-flixiis,  siw  Book  UL  BiMin.  fleetlon  Ul  f  8 
'r^tL^TryHaai,Amer,J(mrn,8oe.%iU»(JMI^j^9iWM.    Logan's '  Geoli^^ 
1  s<j:t,  p.  461.  •  -  r ifJBf '-*  ^ 

'  D.  C.  DavicB,  Q.  J.  (7s  ^^^^itOtl^mUjit.  AUUkM,  cp,  o^ 
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Ckyprolltio  noduleB  Hud  beds  > — aro  fonnetl  of  the  accuiuulaU'd  excremcut  of 
▼ertebrated  animals.  Among  tho  Oar1>onifcroa8  shules  of  the  btusiii  of  the  Firth  of 
Forth,  ooprolitio  nodules  aw  abundant,  together  witli  the  bones  and  scales  of  tlio 
larger  ganoid  fishes  which  voided  them ;  abundance;  of  broken  Hcales  and  bones  of  the 
smaller  ganoids  can  nsnally  bo  o1)serviMl  in  the  eoprolites.  Among  tho  Jjower  Sihiriau 
rocks  of  Canada,  nmnerous  phosphatic  nodules,  supi)OB<>d  to  be  of  coprolitic  origin, 
occur.*  The  phosphatic  beds  of  the  Gumbridgeshiro  Cretaceous  rocks  are  now  largely 
worked  as  a  source  of  artificial  manure. 

4.  Cabbonacbous.— The  formations  here  included  have  almost  always  resulted  from 
tho  decay  and  entombment  of  vegetation  on  the  spot  where  it  grew,  sometimes  by  the 
drifting  of  the  plants  to  a  distance  and  their  consolidation  there.  (Sea  Book  III.  l*art  II. 
Section  ill.,  Lov.)  In  the  latter  case,  they  may  bo  mingled  with  inorganic  sediment, 
ao  as  to  pass  into  carbonaceous  shale. 

Ftoat — ^vegetable  matter,  more  or  less  decomposed  and  chemically  altered,  found 
throughout  temperate  climates  in  boggy  places  where  marshy  plants  grow  and  decay. 
It  varies  from  a  pale  yellow  or  brown  fibrous  substance,  like  turf  or  compressed 
hay,  in  which  the  plant-remaius  are  abundant  and  conspicuous,  to  a  compact  dark- 
brown  or  black  material,  resembling  black  clay  when  wot,  and  some  varieties  of  lignite 
when  dried.  The  nature  and  pro|)ortions  of  tho  constituent  elements  of  peat,  after 
being  dried  at  100^  C,  are  illustrated  by  the  analysis  of  an  Irish  example  which  gave-^ 
carbon,  G0'4S ;  hydrogen,  6*10 ;  oxygen,  32-55 ;  nitrogen,  0*88 ;  while  the  ash  was  3*30. 
There  is  always  a  large  proportion  of  water  which  cannot  be  driven  ofi*  even  by 
drying  tho  peat  In  the  manufacture  of  compressed  peat  for  fuel  this  constituent, 
which  of  course  lessens  the  value  of  the  peat  as  compared  with  an  equal  weight  of 
coal,  is  driven  off  to  a  great  extent  by  chopping  the  peat  into  fine  pieces,  and  thereby 
exposing  a  large  surface  to  ovi^ration.  The  ash  varies  in  amount  from  less  than 
1-00  to  more  tlian  65  per  cent ,  and  consists  of  sand,  cby,  ferric  oxide,  sulphuric  acid, 
and  minute  proportions  of  lime,  soda,  potash,  and  magnesia.'  Under  a  pressure  of 
(3000  atmospheres  peat  is  convertcnl  into  a  hard,  black,  brilliant  substance  having  the 
physical  aspect  of  coal,  and  showing  no  trace  of  organic  structure.* 

Ijignite  (Brown  Coal) — compact  or  earihy,  compressed  and  chemically  altered 
vegetable  matter,  often  retaining  a  lamellar  or  ligneous  texture,  with  stems  showing 
woody  fibre  crossing  each  other  in  all  directions.  It  varies  from  pale-bro\sTi  or  yellow 
to  deep-brown  or  black.  Some  shade  of  brown  is  tho  usual  colour,  whence  the  name 
Br*)trn  coal,  by  which  it  is  often  known.  It  contains  from  55  to  75  per  cent,  of  carlwn, 
has  a  specific  gravity  of  0*5  to  1-5,  burns  easily  to  a  light  ash  with  a  sooty  flame 
and  a  strong  burnt  smell.  It  occurs  in  beds  chiefly  among  the  Tertiary  strata,  under 
conditions  similar  to  those  in  which  coal  is  found  in  older  formations.  It  may  be 
regarded  as  a  stage  in  the  alteration  and  mineralization  of  vegetable  matter,  inter- 
mediate  between  peat  and  true  coal. 

Ck>al — a  compact,  usually  brittle,  velvet-black  to  pitch-black,  iron-black,  or 
dull,  sometimes  brownish  rock,  with  a  greyish-black  or  brown  streak,  and  in  some 
varieties  a  distinctly  cubical  cleavage,  in  otliers  a  conchoidal  fracture.  It  contains 
from  75  to  90  per  cent,  of  carbon,  and  a  small  percentage  of  sulphur,  generally  in 
the  form  of  iron-disulphide.  It  has  a  speciOc  gravity  of  1*2-1 '35,  and  bums  with  com- 
parative readiness,  giving  a  clear  flame,  a  strong  aromatic  or  bituminous  smell,  some 
varieties  fusing  and  caking  into  cinder,  others  burning  away  to  a  mere  white  or  red 
ash.     Though    it  consists  of  compressed  vegetation,  no  trace  of  organic  structure 


*  On  tho  origin  of  phosphatic  nodules  and  beds,  «i'(^  (iruner,  Bull,  Soc,  Otol.  France^ 
xxviii.  (*2nd  ser.)  p.  02.    Martin,  op.  cit.  iii.  (3rd  scr.)  p.  273. 

'  Logan's  'Geology  of  Canada,  p.  401. 

»  Seo  8enfl*s  *  Humus-,  Marsch-,  Torf-  und  Limonit-bilduugen,'  Leipzig,  1802.    J.  J. 
Friih  '  Ueber  Torf  und  Dopplerit,'  Zurich,  1883. 

*  Spring,  BvUL  Acml  Boy,  Bru^dles,  xlix.  (1880),  p.  307. 
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ia  uauaJly  apparent.'  An  ntteiitivo  ciaminatioD,  hoirovcr,  will  often  ilbcloao  porlknu 
of  iiteinB,  leaves,  jcc,  or  at  luust  of  oarbonizod  woody  fibre.  Same  kindD  are  aliooft 
wholly  miulu  up  of  tlic  Bpotc-ctnea  of  lycopodinccona  plantB.  There  Is  reasoD  lo  believe 
that  different  varieties  of  cual  may  havo  arisuu  from  original  divondtiot  in  the  nature  of 
tlio  vegetation  out  of  wbicli  they  wero  formed.  Tbo  sccomponying  table  abowa  the 
chemical  gradation  between  unaltered  vegetation  and  the  more  highly  mineralized  forms 
of  coul. 

Table  bhowing  tiib  gbaddal  Cuange  in  Couposmox  fhou  Wood  to  Ciuscoal.' 


1 

SutataDce.                              1  CMlxin. 

1 

whMu'rtqalndto 

1.  Wood  (mcBU  of  several  unalyBCs)  .   1      100 

2.  Peat  (        }  .   ,      100 

3.  Lignite  (muonof  15  vuiieUos).     .          100 

i.  Ten-jtttd  cool  of  S.  Staffordahirel.      ,-„ 

5.  Blcam  ci,al  from  the  Tyne  .     .     .   t      100 

6.  PentrcfelincoalofS.  Wales    .     .         100 

7.  ADthiaciterromPeuni(ftvania,U.».  1      100 

I218      88-07 
0-85  '■    55-67 
8-87       12*2 
612       21-28 
501       18-82 
*-75  1      5-28 
2-81         1-74 

1-80 
2-89 
807 
3-47 
8-62 
4-09 
2-ti3 

Coal  occurs  iu  scams  or  beds  intercalated  between  straU  of  Bandifone,  shtdc,  flreckj, 
Ac,  in  geological  formations  of  Palteozoic,  BecoDdary,  and  Tertiaiy  ago.    It  Bhoold  be 


w 


Fig.  30.— Mlcnwopli:  Structure  of  rialkrith  Oml.  iliowliig  I^nqiodUoeoM  ^oo^^ 
l,inigullkd  ion  Dluiift^n). 

rrmcmben-d  Ibat  the  word  conl  U  rather  a  popular  than  a  ■ 

indiiieriininnti'ly  apjilied   to  any  niineml  substance  oapabler-<i(''|iii|^.;i| 

SIrirlly  employed,  it  ought  only   to  be   used  with  rehroMO  to' IMs  i 

vi';,-t.'liition,  the  rcsnlt  either  of  the  growth  of  plant*  OH  Ua  mlol  Vt  Ute.itttUat^^. 

thm  thither.  -^t^-wt, .     .^...^■■,j^ 


'  Ou  the  inllucucc  of  pressure  on  th 
20  May,  IH7V.    t^t'nug,  BuU.  Acad.  B 
'  I'en-y's '  Metallurgy,'  voL  1.  p>  II 
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The  fioUowing  onalyaeB  show  the  chemical  oomposition  of  peat,  lignite,  and  some  of 
the  prineipal  farieties  of  coal  ^ : — 


Caihoii 

Hydrogen 

Oxygon 

Nitrogen 

Sulphur 

Ash 

Spedflo  gravity  .     . 


Peat, 

DeYoii< 
ahlre. 


54*02 
5-21 

28*18 
2*80 
0*56 
9-73 


0-850 


Lianile, 

Bovey 

Trao^, 

Devou. 


66 
5 

22 
0 
2 
2 


31 
63 
86 
67 
86 
27 


1129 


Caking 
Coai, 

Northum- 
berland. 


78-69 
600 

1007 
2-37 


1 
1 


51 
36 


1*269 


yon-Cak- 
ing Coal, 

S.  Stafford- 
■hire. 


78 
5 

12 
1 
0 
1 


67 
29 
88 
84 
39 
03 


1-278 


Cdnnd 
Oodl, 

Wigan. 


8007 
5*58 

8*08 
2-12 
-60 
'70 


1 

2 


1276 


Antkra- 
cite, 

S.  Wales. 


90 
3 
2 
0 
0 
1 


89 
28 
98 
88 
91 
61 


1-892 


Tbeae  analyses  are  exdoBive  of  water,  which  in  the  peat  amounted  to  25*56,  and  in 
the  lignite  to  34-66  per  oent. 

Anthraolte — ^the  most  highly  mineralized  form  of  yegetation — is  an  iron-black  to 
TelTet>blaok  substance,  with  a  strong  metalloidal  to  vitreous  lustre,  hard  and  brittle, 
eaniaiiung  over  90  per  cent,  of  carbon,  with  a  specific  gravity  of  1-35-1 '7.  It  kindles 
with  difficulty,  and  in  a  strong  draught  bums  without  fusing,  smoking,  or  smelling,  but 
giving  out  a  great  heat  It  is  a  coal  from  which  the  bituminous  parts  have  been 
eliminated.  It  occurs  in  beds  like  ordinary  coal,  but  in  positions  where  probably  it 
hat  been  subjected  to  some  change  whereby  its  volatile  constituents  have  been 
cxiwlled.  It  is  found  largely  in  South  Wales,  and  sparingly  in  the  Scottish  coal-fields, 
where  the  ordinary  coal-seams  have  been  approached  by  intrusive  masses  of  igneous 
rock.  It  is  largely  developed  in  the  great  coal-field  of  Pennsylvania.  Some  Lower 
Silurian  shales  are  black  from  diffused  anthracite,  and  have  in  consequence  led  to 
fruitless  searches  for  coal. 

Oil-Bhale  {Brandtchie/er) — shale  containing  such  a  proportion  of  hydrocarbons  as 
to  be  capable  of  yielding  mineral  oil  on  slow  distillation.    This  substance  occurs  as 
ordinary  shales  do,  in  layers  or  beds,  intcrstratified  with  other  aqueous  deposits,  as  in 
the  Scottish  coal-fields.    It  is  in  a  geological  sense  true  shale,  and  owes  its  peculiarity 
to  the  quantity  of  vegetable  (or  animal)  matter  which  has  been  preserved  among  its 
inorganic  constituents.    It  consists  of  fissile  argillaceous  layers,  highly  impregnated 
with  bituminous  matter,  passing  on  one  side  into  common  shale,  on  the  other  into 
cannel  or  parrot  ooaL    The  richer  varieties  yield  from  30  to  40  gallons  of  crude  oil  to 
the  ton  of  shale.    They  may  be  distinguished  from  non-bituminous  or  feebly  bituminous 
shales  (throughout  the  shale  districts  of  Scotland),  by  the  peculiarity  that  a  thin  paring 
ourls  up  in  front  of  the  knife,  and  shows  a  brown  lustrous  streak.    Some  of  the  oil- 
ehales  in  the  Lothians  are  crowded  with  the  valves  of  ostracod  crustaceans,  besides 
scales,  ooproUtes,  &c.,  of  ganoid  fishes.    It  is  possible  that  the  bituminous  matter  may 
in  some  cases  have  resulted  from  auiuLal  organisms,  though  the  abundance  of  plant 
remains  indicates  that  it  is  probably  in  most  cases  of  vegetable  origin.    Under  tlio 
name  "  pyroschists "  Sterry  Hunt  classes  the  clays  or  shales  (of  all  geological  ages) 
which  are  hydrocar])onaoeou8,  and  yield  by  distillation  volatile  hydrocarbons,  in- 
flammable gas,  &c. 

Fetroleunit  a  general  term,  under  which  is  included  a  series  of  natural  mineml 
oils.  These  are  fluid  hydrocarbon  compounds,  varying  from  a  thin,  colourless,  watery 
liquidity  to  a  black,  opaque,  tar-like  viscidity,  and  in  specific  gravity  from  0*8  to  1*1. 
The  paler,  more  limpid  varieties  are  generally  calle<l  naphtha,  the  darker,  more 

*  From  Percy's  *  Metallurgy,*  vol.  i. 
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viscid  kinds  mineral  tar,  whilo  the  name  petroleum,  or  look-oil,  has  been 
more  generally  applied  to  the  intermediate  kinds.  Petroleum  occurs  sparingly 
in  Europe.  A  few  localities  for  it  are  known  in  Britain.  It  is  found  in  large 
quantity  along  the  country  stretching  from  the  Carpathians,  through  Gallicia  and 
Xoldavia,  also  at  Baku  on  the  Caspian.^  The  most  remarkable  and  abundant 
display  of  the  substance,  however,  is  in  the  so-called  oil-regions  of  North  America, 
I)articularly  in  Western  Canada  and  Northern  Pennsylvania,  where  vast  quantities 
of  it  have  been  obtained  in  recent  years.  In  Pennsylvania  it  is  found  especially 
in  certain  porous  beds  of  sandstone  or  "  sand-rocks,"  which  occur  as  low  down  as  the 
Old  Reil  Sandstone,  or  even  as  the  top  of  the  Silurian  system.  In  Canada  it  is 
largely  present  in  still  low^er  strata.  Its  origin  in  these  ancient  formations,  wbeie  it 
cannot  be  satisfactorily  connected  with  any  destructive  distillation  of  coal,  is  still  an 
unsolved  problem. 

Asphalt — a  smooth,  brittle,  pitch-like,  black  or  brownisli-block  mineral,  having  a 
resinous  lustre  and  conchoidal  fracture,  streak  paler  than  surface  of  fracture,  and 
specific  gravity  of  1*0  to  1*C8.  It  melts  at  about  the  temperature  of  boiling  water, 
and  can  be  easily  kindled,  burning  with  a  bituminous  odour  and  a  bright  but  smoky 
flame.  It  is  composed  chiefly  of  hydrocarbons,  with  variable  admixture  of  oxygoi  and 
nitrogen.  It  occurs  sometimes  in  association  with  petroleiun,  of  which  it  may  be 
considered  a  liardened  oxidized  form,  sometimes  as  an  impregnation  filling  the  pons  or 
chinks  of  rocks,  sometimes  in  independent  beds.  In  Britain  it  appears  as  a  produet  of 
tlie  destructive  distillation  of  coals  and  carbonaceous  shales  by  intrusive  igneous  rocks, 
as  at  Binny  Quarry,  Linlithgowshire,  but  also  in  a  number  of  places  where  its  origin  Is 
not  evident,  as  in  the  Cornish  and  Derbyshire  mining  districts,  and  among  the  daik 
flagstones  of  Caithness  and  Orkney,  which  are  laden  with  fossil  fishes.  At  Seyisel 
(D^partcmont  do  TAin)  it  forms  a  deposit  2500  feet  long  and  800  feet  broad,  whidi 
yields  1500  tons  annually.  It  exudes  in  a  liquid  form  from  the  ground  round  the 
borders  of  the  Dead  Sea.  In  Trinidad  it  forms  a  lake  1}  mile  in  circumference,  which  is 
cool  and  solid  near  the  shore,  but  increases  in  temperature  and  softness  towards  the 
centre. 

G-raphite. — This  mineral  occurs  in  masses  'of  sufficient  size  and  importance  to 
deserve  a  place  in  the  enumeration  of  carbonaceous  rocks.  Its  mineralogical  oharacten 
liave  already  (p.  04)  been  given.  It  occurs  in  distinct  lenticular  beds,  and  also  diffused 
in  minute  scales,  through  slates,  scliists,  and  limestones  of  tlie  older  geological  forma- 
tions, as  in  Cumberland,  Scotland,  Canada,  and  Bohemia.  It  is  likewise  found 
occasionally  as  the  result  of  the  alteration  of  a  coal  secun  by  intrusive  basalt,  as  at  New 
Ciunnock  in  Ayrshire. 

5.  Ferruginous. — The  decomposition  of  vegetable  matter  in  marshy  places  and 
shallow  lakes  gives  rise  to  certain  organic  acids,  which,  together  with  the  carbcmlc 
acid  so  generally  also  present,  decompose  the  ferruginous  minerals  of  rocks  and  carry 
away  soluble  salts  of  iron.  Exposure  to  the  air  leads  to  the  rapid  decomposition  and 
oxidation  of  those  solutions,  which  consequently  give  rise  to  precipitates,  consisting 
partly  of  insoluble  basic  salts  and  partly  of  the  hydrated  ferric  oxide.  These  precipitates, 
mingled  with  clay,  sand,  or  other  mechanical  impurity,  and  also  with  dead  and  decay- 
ing organisms,  form  deposits  of  iron-ore.  Operations  of  this  kind  appear  to  have 
been  in  progress  from  a  remote  geological  antiquity.  Hence  ironstones  with  traces 
of  associated  organic  remains  belong  to  many  different  geological  formations,  and  are 
being  formeil  still.* 

Bog  Iron-Ore  (Lake-ore,  minerai  des  marais,  Sumpferz)— ii  dark-brown  to  bladr, 
earthy,  but  flonietinies  compact  mixture  of  hydrated  peroxide  of  iron,  phosphate  of  iron, 


'  Abioh,  ./ri/iW>.  Ginil,  Rficlmmst.  xxix.  (1879),  p.  105.  Trautschold,  ZeiUeh,  Dentsfh. 
(Irol.  (h^.  xxvi.  (1874)  p.  257.  See  poatea.  Book  III.  Part  I.  Sect.  i.  §  2,  where  other 
uullioritieH  uro  citcil. 

•  See  SenftV  work  already  (p.  171)  cited,  p.  108  ;  also  poftea^  Book  III.  Part  II.  Sect  iii. 
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■ad  hydnted  oxide  of  nuiDguiefle,  freqnenlly  with  ciaj,  sand,  and  organio  malltr.  An 
ocdiiHTy  spedoMii  yielded,  peroxide  of  iron,  62-59;  osido  of  manganeso,  8-52;  snud, 
lt-37 ;  phoqiboric  acid,  1-30;  snlpliaric  acid,  traces;  vuter  and  organic  matter. 
1&02=10(H)0.  Bog;  iron-ore  may  either  be  formod  I'lt  titu  from  still  vater,  or  may  be 
laid  down  by  currents  in  lakes.  Of  the  former  mode  of  formation,  a  familiar  illustration 
i*  fiuiiidwd  by  the"n»oor-bfttidpftn"  or  hard  ferruginous  cruat,  which  in  boggy  places 
titd  on  aome  ill-drained  land,  forma  at  the  bottom  of  the  soil,  on  tho  top  of  a,  stiff  and 
telentblj  imperrionsgulMoil.  Abundant  bog-iron  or  lake-ore  is  obtained  from  the  botlomB 
of  aome  lake*  in  Norway  and  Sweden.  It  forma  everywhere  on  tho  shallower  slopes  ' 
neir  bonka  of  reeds,  where  there  is  no  strong  current  of  water,  occurring  in  granulnr 
concretions  (Bohnorz)  that  vary  from  the  bi/o  of  graina  of  coarse  gunpowder  up  to 
■udulea  6  inches  in  diameter,  and  forming  layoia  10  In  200  yards  long,  5  to  15  yanU 
broul,  and  6  to  30  inches  tliick.  Theae  ileposits  are  worked  during  winter  by  inserting 
perfoiated  iron  shovels  through  holes  cut  in  the  ice;  and  ho  rapiill)  do  theynccumnInU', 
that  inataiKca  are  linown  where,  after  having  been  eumjiletely  removed,  the  oro  at  the 
end  of  twcnty-aii  years  was  found  to  have  gathered  agaiu  to  a,  thickness  of  «cvernl 
iurhes.  A  layer  of  loose  earthy  ochic  10  feet  thick  ie  believed  to  have  formed  in  COO 
years  on  the  floor  of  the  Tioke  Tisken  near  the  oUl  copper  mine  oF  Falun  in  Swcilen .' 
Aeoirdiiig  to  Ehrenberg,  the  formation  of  bog-ore  in  due.  not  merely  to  the  chemieni 
actiona  arising  from  the  decay  of  orgauiu  matter,  but  to  a  power  possessed  by  diatoms  of 
•epanitiuft  iron  from  water  and  depositing  it  as  hyilroua  pcToxido  within  their  siliceoua 
fnniework. 

Alnminoae  Tellow  Iron-dre  is  closely  related  to  tlie  foregoing.  It  is  a 
■listiire  of  yellow  or  pale  brown,  hydralod  peroxide  of  iron,  with  clay  and  sand,  aome- 
tinea  with  siLcate  of  iron,  hydratod  oxide  of  manganoae,  and  carbonate  of  lime,  and 
<esan  in  dull,  usually  pulveruleDt  grains  and  nodules.  Occasionally  theso  nodules  ma; 
lie  obserred  to  consist  of  a  shell  of  harder  material,  within  whicli  the  yellow  oxide 
iMomes  progressively  softer  towards  the  centre,  which  is  aometimus  quite  empty.  Such 
emcretions  arc  known  as  (etites  or  ef^lc-atonea.  This  oro  occurs  in  tlie  Coal-measures 
"T^ony  and  Silesia,  abw  in  the  Ilarz,  Baden,  llavaria,  &c.,  and  among  the  Jurassic 
nrk*  in  Eugknd. 

Clay-Ironstone  (Sphrerosidorite)  has  been  already  (pp.  7 
'wor*  abimdaiitly  in  nodules  and  beds  in  tho  Cariwuiifc reus  »; 
KoTiipc.  The  nodules  are  generally  oval  nnd  flattened  in  form, 
iitjing  in  size  from  a  small  beau  up  to  concretions  a  foot  or 
""re  in  diameter.  In  many  cases,  tiiey  eoutnin  iu  the  centre 
"mi'  organic  snbritauec,  aueh  as  a  cnprulite,  fern,  coue.  shell, 
"rlii>1i,  that  has  served  as  a  surface  round  Vfhicli  the  iron  in 
I'll'  aatcr  an<l  tliu  surrounding  mud  could  be  precipitated. 
Keami  of  chiy -ironstone  vary  in  thickness  from  mere  pnper-likc 
Mings  up  to  bcU  several  feet  deep.    The  ClevclaDd  seam  .  — 

in  tlie  Middle  Lina  of  Yorkshire  ia  about  20  f,ct  thick.  In  ^''' J'^'^^.l^a^ar^"^'"" 
'he  CarlHinifcmus  svsUm  of  ScotUiiid  certain  seams  known  as 

Khrtlnaul  contain  from  10  to  '>2  |icr  cent  of  coaly  matter,  and  admit  of  being  ealcineil 
titli  the  addition  r.f  little  or  no  fuel  They  are  ai>metim(S  crowded  wjtli  oi^nic 
Itniainf,  eviieeiully  lamLllibrunLhs  (  lulliriieiiem,  inlhrai'oia'ja,  &c  )  and  fishes  (_Rhi!Odu>, 
UnjaU'ehlhi/i,  Ac). 

A  microscopic  examination  of  some  btock-band  ironstones  reveals  n  very  perfect 
oilitic  slmi-tiire,  sliowiug  that  tlie  iron  ]ia*  Ixtn  prccipitattd  m  «alcr  having  such  a 
K^tlc  movement  as  to  keep  the  granules  quii  tU  rolling  along,  whilo  their  s 
fiiniintric  laycra  of  cnrlionate  were  being  diposited  Mr  Sorby  has  obscrveif  in  i 
U'^i-laud  iroiistuiiea  an  ubiuiriual  form  of  <>i>litic  structnn.,  and   remarks   that   i 


'  A.  F  Tliortld,  flert   ti,r,»   IWhamt  AiocAAoJni,  in  p.  20. 
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BOOK  III. 

DYNAMICAL  GEOLOGY. 

Dynamical  Geology  investigates  the  processes  of  change  at  prosont  in 
progress  upon  the  earth,  whereby  modifications  are  made  on  the 
Btnicture  and  composition  of  the  crust,  on  the  relations  between  the 
interior  and  the  surface,  as  shown  by  volcanoes,  earthquakes,  and  other 
terrestrial  disturbances,  on  the  distribution  of  land  and  sea,  on  the 
outlines  of  the  land,  on  the  form  and  depth  of  the  sea-bottom,  on  marine 
cnrrents,  and  on  climate.  Bringing  before  ns,  in  short,  the  whole 
Tinge  of  geological  activities,  it  leads  us  to  precise  notions  regarding 
their  relations  to  each  other,  and  the  results  which  they  achieve.  A 
howledge  of  this  branch  of  the  subject  is  thus  the  essential  groundwork 
of  a  true  and  fruitful  acquaintance  with  the  principles  of  geology.  The 
■tudy  of  the  present  order  of  nature,  provides  a  key  for  the  interpre- 
tation of  the  past. 

The  operations  considered  by  Dynamical  Geology  may  be  regarded 
as  a  vast  cycle  of  change,  into  the  investigation  of  wliicli  the  student 
may  ]»reak  at  any  point,  and  round  which  ho  may  travel,  only  to  find 
HiDself  ])rought  back  to  his  starting-point.  It  is  a  matter  of  coni- 
l»aratively  small  moment  at  wliat  part  of  the  cycle  the  inquiry  is  Ijegun. 
The  changes  seen  in  action  will  always  bo  found  to  have  resuKed  from 
•iomo  that  preceded,  and  to  give  place  to  others  that  follow  them. 

At  an  early  time  in  the  earth's  history,  anterior  to  any  of  the  periods 
of  which  a  record  remains  in  the  visible  rocks,  the  chief  sources  of 
geological  energy  probably  lay  witliin  the  earth  itself.  The  planet  still 
retaiiio<l  much  of  its  initial  heat,  and  in  all  likelihood  was  the  theatre 
of  great  chemical  changes.  As  it  cooled,  and  as  the  supei*ficial 
feurliances  duo  to  internal  heat  and  chemical  action  became  less 
luarkod,  the  influence  of  the  sun,  which  must  always  liave  operated, 
aud  which  in  wirly  geological  times  may  have  been  more  effective  than 
it  afterwards  l)ecame,  would  then  stand  out  more  clearly,  giving  rise  to 
that  wide  circle  of  surface  changes  wherein  variations  of  temperature 
and  the  circulation  of  air  and  water  over  the  surface  of  the  earth  come 
into  play. 

lu  the  pursuit  of  his  inquiries  into  the  past  liistory  and  into  the 
pretjent  economy  of  the  earth,  the  student  must  needs  keej)  his  mind  ever 
open  to  the  reception  of  evidence  for  kinds,  and  especially  for  degrees, 

•  N 
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of  action  which  he  had  not  before  encountered.  Human  experience  has 
been  too  short  to  allow  him  to  assume  that  all  the  causes  and  modes 
of  geological  change  have  been  definitively  ascertained.  Besides  the 
fact  that  both  terrestrial  and  solar  energy  were  once  probably  more 
intense  than  now,  there  may  remain  for  future  discovery  evidence  of 
former  operations  by  heat,  magnetism,  chemical  change  or  other  agencji 
that  may  explain  phenomena  with  which  geology  has  to  deal.  Of  the 
influences,  so  many  and  profound,  which  the  sun  exerts  upon  our  planet, 
we  can  as  yet  only  perceive  a  little.  Nor  can  we  tell  what  other  ooamical 
influences  may  have  lent  their  aid  in  the  revolutions  of  geology. 

In  the  present  state  of  knowledge,  all  the  geological  energy  upon  and 
within  the  earth  must  ultimately  be  traced  back  to  the  primeval  energy 
of  the  imrent  nebula,  or  sun.  There  is,  however,  a  certain  propriety 
and  convenience  in  distinguishing  between  that  part  of  it  which  Ib  due 
to  the  survival  of  some  of  the  original  energy  of  the  planet,  and  that 
part  which  arises  from  the  present  supply  of  energy  received  day  by 
day  from  the  sun.  In  the  former  case,  the  geologist  has  to  deal  with 
the  interior  of  the  earth  and  its  reaction  upon  the  surface ;  in  the  latter, 
he  is  called  upon  to  study  the  surface  of  the  earth,  and  to  some  extent 
its  reaction  on  the  interior.  This  distinction  allows  of  a  broad  treatment 
of  the  subject  under  two  divisions : — 

I.  Hypogene  or  Plutonic  Actio  n — the  changes  within  the 
earth,  caused  by  original  internal  heat  and  by  chemical  action. 

II.  Epigene  or  Surface  Action — the  changes  produced  on 
the  superficial  parts  of  the  earth,  chiefly  by  the  circulation  of  air  and 
water  set  in  motion  by  the  sun's  heat. 

Part  I.  Hypogene  Action, 

An  Liquiry  iiUo  the  Oeological  Changes  in  Progress  benetUh  the  Sur/ciee 

of  ihe  Earth. 

In  the  discussion  of  this  branch  of  the  subject,  it  is  useful  to  carry  in 
the  mind  the  conception  of  a  globe  still  intensely  hot  within,  radiating 
heat  into  space,  and  consequently  contracting  in  bulk.  Portions  of 
molten  rocks  from  inside  are  from  time  to  time  poured  out  at  the  surfaoe. 
Sudden  shocks  are  generated,  by  which  earthquakes  are  propagated  to 
and  along  the  surface.  Wide  geographical  areas  are  upraised  or 
depressed.  In  the  midst  of  these  movements,  the  rocks  of  the  crust  are 
fractured,  squeezed,  cnimpled,  rendered  crystalline,  and  even  fused. 

Section  i.  Volcanoes  and  Volcanic  Action.^ 

§  1.  Volcanic   Products. 

The  term  volcanic  action  (volcanism  or  volcanicity)  embraces  all  the 
phenomena  connected  with  the  expulsion  of  heated  materials  from  the 

^  The  siiuleut  Ih  roferrod  to  the  fullowiug  geuoral  works  on  the  phenomena  of  vol- 
canoes.   Serope,  'Considerations  on  Volcanoes,'  London,  1825;  *  Volcanoes,*  LoodQO, 


Sbot.  L  I  1.]  VOLCANIC  PRODUCTS.  179 


interior  of  the  earth  to  the  surface.  Amoug  these  pheuomeua,  some 
possess  an  eyanescent  character,  while  others  leave  permanent  proofs  of 
their  existence.  It  is  naturally  to  the  latter  that  the  geologist  gives 
chief  attention,  for  it  is  by  their  means  that  he  can  trace  former  phases 
of  voloanio  activity  in  regions  where,  for  many  ages,  there  have  been  no 
Tolcanio  emptions.  In  the  operations  of  existing  volcanoes,  ho  can 
observe  only  superficial  manifestations  of  volcanic  action.  But  exam- 
ining the  rocks  of  the  earth's  crust,  he  discovers  that  amid  the  many 
terrestrial  revolutions  which  geology  reveals,  the  very  roots  of  foiiuer 
▼dlcanoes  have  been  laid  bare,  displaying  subterranean  phases  of 
Tolcanism  which  could  not  be  studied  in  any  modem  volcano.  Hence 
an  acquaintance  only  with  active  volcanoes  will  not  afford  a  complete 
knowledge  of  volcanic  action.  It  must  be  supplemented  and  enlarged 
by  an  investigation  of  the  traces  of  ancient  volcanoes  preserved  in  the 
crust  of  the  earth.    (Book  IV.  Part  VII.) 

The  word  '*  volcano  "  is  applied  to  a  conical  hill  or  mountain  (com- 
posed mainly  or  wholly  of  erupted  materials),  from  the  summit,  and 
offcen  also  from  the  sides  of  which,  hot  vapours  issue,  and  ashes  and 
streams  of  molten  rock  are  intermittently  expelled.  The  term 
**  volcanic"  designates  all  the  phenomena  essentially  connected  with  one 
of  these  ohannels  of  communication  between  the  surface  and  the  heated 
interior  of  the  globe.  Yet  there  is  good  reason  to  believe  that  the  active 
volcanoes  of  the  present  day  do  not  afford  by  any  means  a  complete  type 
of  volcanic  action.  The  first  effort  in  the  formation  of  a  new  volcano  is 
to  establish  a  fissure  in  the  earth's  crust.  A  volcano  is  only  one  vent  or 
group  of  vents  established  along  the  line  of  such  a  fissure.  But  iu 
many  parts  of  the  earth,  alike  iu  the  Old  World  and  the  New,  there  have 
been  periods  in  the  earth's  history  when  the  crust  was  rent  into  innumer- 
able fissures  over  areas  thousands  of  square  miles  in  extent,  and  when  the 
molten  rock,  instead  of  issuing,  as  it  does  at  a  modem  volcano,  in  narrow 
streams  from  a  central  elevated  cone,  welled  out  from  numerous  points 
along  the  rents,  and  flooded  enormous  tracts  of  country  without  forming 
any  mountain  or  volcano  in  the  usual  sense  of  those  terms.     Of  these 


2ud  edit  1872;  'Extinct  Volcanoes  of  Central  France/  London,  1858;  *0u  Volcanic 
CuQCii  and  Craters,'  QvmH.  Journ.  Geol.  1^,  1859.  Daubeny,  *  A  Description  of  Active 
and  Extinct  Volcanoes/  2nd  edit.,  London,  1858.  Darwin,  *  Geological  Observations  on 
Volcmnic  Islands,'  2nd  edit.,  London,  187G.  A.  von  Humboldt,  *  Ueber  den  Ban  und  die 
Wiikung  der  Vnlkane/  Berlin,  1824.  L.  von  Buch,  *  Ueber  die  Natur  dor  vulkanischen 
Erscheinongen  auf  den  Cauarischen  Insoln/  Pogqend.  Annalen  (1827),  ix.  x. ;  *  Ueber 
Erhebungaloratere  nnd  Vulkane,*  Pwjgend,  Annaltn  (1836),  xxxvii.  E.  A.  von  Hoff, 
*■  QeMhicnto  der  dnrcli  Ueberlieferung  nachgewiescnen  natUrlichcn  Verunderungen  der 
Erdoborflache  •  (part  ii.,  **  Vulkane  nnd  Erdbeben"),  Gotha,  1824.  C.  W.  C.  Fuchs, 
*  Die  vulkanischen  Erscheinungen  der  Erde/  Leipzig,  1865.  R.  Mallet,  **0n  Volcanic 
Energv/*  Phil,  TraM.  1873.  J.  Schmidt,  *  Vulkaustudien,'  T^ipzig,  1874.  Sartorius 
TOO  Waiterskauflen  and  A.  von  Lasaulx,  *  Der  Aetna/  4to,  Leipzig,  1880.  E.  Reyer, 
^Beitrag  xnr  Physik  der  Ernptionen/  Vienna,  1877;  *  Die  Euganeon ;  Ban  und  Ge- 
acbichte  einos  Vidkanes/  Vienna,  1877.  Foiiqu^  *  Sontorin  et  ses  eruptions/  Taris,  1879. 
Jadd,  'Yoloanoes,'  1881.  O.  Morcalli, '  Vulcani  e  Fonomeni  vulcauici  in  Italia/  Milan, 
UiS!S,  Ch.  Yclain, '  Jjcs  Volcans/  Paris,  1884.  References  will  be  found  in  succeeding 
tttgcs  to  other  and  more  siieoial  memoirs. 
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*'  fiHsnre-oruptions,"  apart  from  central  volcanic  cones,  no  examples  ha^e 
occurred  within  the  times  of  human  history,  unless  some  of  the  lava- 
floods  of  Iceland  may  be  so  regarded.  They  can  only  be  studied  &om 
the  remains  of  former  convulsions.  Their  importance,  however,  has 
not  yet  been  generally  recognised  in  Europe,  though  acknowledged  in 
America,  where  they  have  been  largely  developed.  Much  still  remains  to 
be  done  before  their  mechanism  is  as  well  understood  as  that  of  the  lesser 
type  to  which  all  present  volcanic  action  belongs.  In  the  succeeding 
narrative  an  account  is  first  presented  of  the  ordinary  and  familiar 
volcano  and  its  products ;  and  in  §  3,  ii.,  some  details  are  given  of  the 
gcneml  aspect  and  character  of  the  more  gigantic  fissure-eruptions. 

The  openings  by  which  heated  materials  from  the  interior  now 
reach  the  surface  include  volcanoes  (with  their  various  associated 
orifices)  and  hot-springs. 

The  prevailing  conical  form  of  a  volcano  is  that  which  the  ejected 
materials  naturally  assume  round  the  vent  of  eruption.  The  summit  of 
the  c  o  n  e  is  truncated  (Fig.  32),  and  presents  a  cup-shaped  or  cAuldron- 
like  cavity,  termed  the  c  r  a  t  e  r,  at  the  bottom  of  which  is  the  top  of  the 
main  funnel  or  pipe  of  communication  with  the  heated  interior.  A 
volcano,  when  of  small  size,  may  consist  merely  of  one  cone ;  when  of 
the  largest  dimensions,  it  forms  a  huge  mountain,  with  many  subsidiary 
cones  and  many  lateral  fissures  or  pipes,  from  which  the  heated  volcanic 
products  are  given  out.  Mount  Etna  (Fig.  32  j  rising  from  the  sea  to  a 
height  of  of  10,840  feet,  and  supporting,  as  it  does,  some  200  minor  coneB» 
many  of  which  are  in  themselves  considerable  hills,  is  a  magnificent 
example  of  a  colossal  volcano.^ 

The  materials  erupted  from  volcanic  vents  may  be  classed  as  (1) 
gases  and  vapours,  (2)  water,  (3)  lava,  (4)  fragmentary  substances.  A 
brief  summary  under  each  of  these  heads  may  be  given  here ;  the  share 
taken  by  the  several  products  in  the  phenomena  of  an  active  volcano  is 
described  in  §  2. 

1.  Gases  and  Vapours  exist  absorbed  in  the  molten  magma 
within  the  earth's  crust.  They  play  an  important  part  in  volcanic 
activity,  showing  themselves  in  the  earliest  stages  of  a  volcano's  history, 
and  continuing  to  appear  for  centuries  after  all  the  other  evidences  of 
subterranean  action  have  ceased  to  be  manifested.  By  much  the  most 
abundant  of  them  all  is  steam,  which  has  been  estimated  to  form 
Y\fy\jths  of  the  whole  cloud  that  hangs  over  an  active  volcano.  In  great 
eruptions,  it  rises  in  prodigious  quantities,  and  is  rapidly  condensed  into 
a  hf^avy  rainfall.  M.  Fouque  calculated  that,  during  100  days,  one  of  the 
parasitic  cones  on  Etna  had  ejected  vapour  enough  to  form,  if  condensed, 

^  The  Btnicture  and  history  of  Etna  are  fully  described  in  the  great  work  of 
Sartorius  von  Waltorshausen  and  A.  yon  Lasaulx  cited  on  p.  179 — a  treasure-hoiise  of 
facts  in  volcanic  geology.  See  also  G.  F.  RodwcU,  *  Etna,  a  history  of  the  mountain 
and  its  eruptions,*  London,  1878 ;  O.  Silvostri,  *  Un  Viaggio  alF  Etna,'  1879.  Kotioes 
of  recent  eruptions  of  the  mountain  will  bo  found  in  Nature^  vols,  xix.,  xx.,  xxi,  zxii.,  xxv, 
(observatory  on  Etna,  p.  394),  xxrii.  The  work  of  Mercalli,  cited  on  p.  179,  giv«8 
descriptions  of  this  and  the  other  Italian  volcanic  centres. 
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2,100,000  cubic  mdtres  (462,000,000  gallone)  ofvatei.  But  even  from 
TiJoanoefl  which,  like  the  Solfatara  of  Naples,  have  beeo  dormant  for 
oentnries,  ateun  sometimes  Btill  rises  without  interraiBsioa  and  in  oon- 
Ddexftble  v(dome.    Jets  of  vapoar  rush  oat  from  olefta  iu  the  sides  and 


bottom  of  a  crater  with  a  noiso  like  that  made  by  the  steam  blown  off 
bf  a  locomotive.  The  number  of  these  funnels  or  fumarolos  is  often  so 
IkTge,  and  the  amount  of  vapoar  so  abundant,  that  only  now  and  then, 
vlien  the  wind  blows  the  dense  cloud  aside,  can  a  momentary  glimpse 
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be  hftd  of  a  part  of  the  bottom  of  tlie  crater ;  vhile  at  tbe  nvme  time  the 
ruab  and  roar  of  tbe  escaping  at^am  remind  one  of  the  din  of  some  vaat 
factory.  Aqueoux  vapour  rises  likewise  from  rents  on  the  ontaide  of 
tbe  Tulc&Dic  couo.  It  issues  so  copioosly  from  some  flowing  lavas  thkt 
tbe  stream  of  rock  may  be  almost  concealed  from  view  by  tbe  clond ;  and 
it  contiiiueR  to  escape  from  fisanres  of  tbe  lava,  far  below  tbe  point  of 
exit,  for  a  long  time  after  tbe  rock  bas  solidified  and  come  to  rest.  So 
saturated,  as  it  wero,  are  many  molten  lavaa  witb  tbe  rapoor  of  watar 
tbat  Mr.  Scru]^>o  even  maintained  that  tbeir  mobility  was  due  to  this 

Probably  in  no  caao  is  the  steam  mere  pnre  vapour  of  water,  thougb 
when  it  comlonses  into  copioiiH  rain,  it  ia  fresb  and  not  salt  water.    It  ii 
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associated  witb  other  vapours  and  gases  diticiigaged  from  tbe  potent 
chemical  laboratory  undenicatli.  There  seems  to  bo  alwaya  a  definite 
order  in  the  appearance  of  these  vapours,  though  it  may  vary  int 
difierent  volcanoes.  Tlie  liottcst  and  moHt  nctivo  "  f uniarolcs,"  or 
vapoiir-vcnta,  may  contain  all  tbe  gases  and  vapours  of  a  volcano, 
but  as  the  beat  diminishes,  the  series  of  gaseons  emanations  is  ledncod. 
Thus  in  the  \'cBTivian  eruption  of  1855-56,  tlio  lava,  as  it  cooled  and 
hardened,  gave  out  succeasively  vaponi-s  of  hydrochloric  acid,  chlorides, 
I  snlpbnroQS  acid;  then  steam;  and,  finally,  carl)On-dioxido  and 
-^—'^''       ■      "    More  recent  observations  tend  to  corroborate  the 

.OBTolc«norB'(lRaf),p.  lin. 

gjppgyfc  pBvUle  and  I*blMC,  Aan.  Ckim.  rt  r\y,.  1858.  lit.  p.  19  ,f  •«. 
W        arwWTtBa  ami  itii  pmptimui,  hrsMM  the  cencral  worln  almulf  c(t«t 
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deduotiona  of  0.  Sainte-Claire  Deville  that  the  nature  of  the  vapoura 

evolved  depends  on  the  temperature  or  degree  of  activity  of  the  voloanio 

orifioe,  chlorine  (and  fluorine)  emanations  indicating  the  most  onorgetio 

phase  of  emptivity,  sulphurous  gases  a  diminishing  condition,  and 

carbonic  add  (with  hydrocarbons)  the  dying  out  of  the  activity.^     A 

^  ool&tara,"  or  vent  emitting-  only  gaseous  discharges,  is  believed  to 

pass  through  these  snooessive  stages.    Wolf  observed  that  on  Cotopaxi 

while  hydrochloric  add,  and  even  free  chlorine  escaped  from  the  summit 

of  the  cone,  sulphuretted  hydrogen  and  sulphurous  acid  issued  from  the 

middle  and  lower  slopes.'    Fouque's  studies  at  Santorin  have  shown 

also  that  from  submarine  vents  a  similar  order  of  appearance  obtains 

among  the  volcanic  vapours,  hydrochloric  and  sulphurous  acids  being 

only  found  at  points  of  emission  having  a  temperature  above  100^  0„ 

while  carbon-dioxide,  sulphuretted  hydrogen  and  nitrogen  occur  at  all  the 

fumaroles,  even  where  the  temperature  is  not  higher  than  that  of  the 

atmosphere.^ 

The  foUowiDg  are  the  chief  gases  and  acids  evolved  at  volcanic  f umarolea.  Hydro- 
chloric  aoid  is  abundant  at  Vesuvius,  and  probably  at  many  other  vents  whence  it 
has  not  been  zeoocded.  It  is  zecognisablo  by  its  pungent,  suffocating  fumes,  which  mako 
approach  difficult  to  the  defbi  from  which  it  issues.  Sulphuretted  hydrogen 
and  sulphurous  acid  are  distinguishable  by  their  odours.  The  liability  of  the 
former  gas  to  decomposition  leads  to  the  deposition  of  a  yellow  crust  of  sulphur; 
occasionaUy,  also^  the  production  of  sulphuric  acid  is  observed  at  active  vents. 
From  obaervatioDS  made  at  Vesuvius  in  May  1878,  Mr.  Siemens  concluded  that  vaet 
quantities  of  free  hydrogen  or  of  combustible  compounds  of  this  gas  exist 
dissolved  in  the  magma  of  the  earth's  interior,  and  that  these,  rising  and  exploding 
in  the  ftmnels  of  volcanoes,  give  rise  to  the  detonations  and  clouds  of  steam.^  At 
the  eruption  of  Santorin  in  1860,  the  same  gases  were  also  dibtinctly  recognised  by 
Fouque,  who  for  the  fiiii  timo  established  tbe  existonco  of  true  volcanic  flames 
These  were  again  studied  spectrosoopioally  in  the  following  year  by  JansBen,  who 
found  them  to  arise  essentially  from  the  combustion  of  free  hydrogen,  but  with  traces 
of  cblorine,  soda,  and  copper.  Fouque  determined  by  analysis  that,  immediately  over 
the  focus  of  eruption,  free  hydrogen  formed  thirty  per  cent,  of  tbe  gases  emitted,  but 
that  the  proportion  of  this  gas  rapidly  diminished  with  distance  from  the  active  vents 
and  hotter  lavas,  while  at  the  same  time  the  proportion  of  marsh-gas  and  carbon-dioxido 
rapidly  increased.  The  gaseous  emanations  collected  by  him  were  found  to  contain 
abundant  free  oxygen  as  well  as  hydrogen.     One  analysis  gave  the  following 


on  p.  179,  consult  J.  Phillips'  'Vesuvius,'  1869;  J.  Schmidt,  *  Die  Eruption  des 
Vesnv,  1855,'  Vienna,  1856 ;  Mercalli's  •  Vulcani,  &c/  ;  H.  J.  Johuston-Lavis,  Q.  J, 
GfoL  8oe,  xL  35.    A  diary  of  the  volcano's  behaviour  for  six  months   is  given  in 

Naiurt^  xxvi. 

'  He  distinguished  volcanic  emanations  according  to  their  order  of  appearance  as 
regards  time,  nearness  to  the  vent,  and  temperature :  viz.,  1.  Dry  fumarolcs  (without 
steam),  where  anhydrous  chlorides  ore  almost  the  only  discharge,  and  where  the  tempera- 
ture is  very  high  (above  that  of  melted  zinc).  2.  Acid  fumarolcs,  with  sulphurous  and 
bvdiochloric  acids  and  steam.  3.  Alkaline  (ammoniacal)  fumaroles ;  temperature  about 
lOO  C. ;  abundant  steam  with  chloride  of  ammonium.  4.  Cold  fumaroles ;  temperature 
below  100  C,  with  nearly  pure  steam,  accompanied  with  a  little  carbon-dioxide,  and 
sometimes  sulphuretted  hydrogen.  5.  Mofettes;  emanations  of  carbou-dioxido  with 
nitrogen  and  oxygen,  marking  the  last  phase  of  volcanic  activity. 

*  Nenet  Jahrh.  1878,  p.  164. 

'  *  Santorin  et  ses  e'ruptions,'  Paris,  1879. 

«  MomtA,  K.  Prewuf,  Akad,  1878,  p.  588. 


184  DYNAMICAL  GEOLOGY.  [Book  HI.  Part  I. 

i^ults:  carbon-dioxide  0*22,  oxygen  21-11,  nitrogen  21'90»  liydrogen  56*70,  marah 
gas  0*07,=100'00.  This  gaseous  mixture,  on  coming  in  contact  with  a  burning  body, 
at  once  ignites  with  a  sharp  explosion.  Fouqud  infers  that  the  water-vapour  of  Tolcanic 
vents  may  exist  in  a  state  of  dissociation  within  the  molten  magma  whence  lavas  rise.' 
Garbon-rdioxido  rises  chiefly  (a)  after  an  eruption  haa  ceased  and  the  volcano 
relapses  into  quiescence }  or  (h)  after  volcanic  action  has  otherwise  become  extinct. 
Of  the  former  phase,  instances  are  on  record  at  Vesuvius  where  an  eruption  has  been 
followed  by  the  emission  of  this  gas  so  copiously  from  the  ground  as  to  soffocate 
hundreds  of  hares,  pheasants,  and  partridges.  Of  the  second  phase,  good  examples 
arc  supplied  by  the  ancient  volcanic  regions  of  the  Eifel  and  Auvergne,  where  the  gas 
still  rises  in  prodigious  quantities.  Bischof  estimated  that  the  volume  of  carbonic 
acid  evolved  in  the  Brohl  Thai  amounts  to  5,000,000  cubic  feet,  or  800  tons  of  gaa,  in 
one  day.  Nitrogen,  derived  perhaps  from  the  decomposition  of  atmospheric  air 
dissolved  in  the  water  which  penetrates  into  the  volcanic  foci,  has  been  frequently 
detoctecl  among  the  gaseous  emanations.  At  Santorin  it  was  found  to  form  from  4  to 
88  per  cent  of  the  gas  obtained  from  different  fumaroles.'  Fluorine  and  iodine 
have  likewise  been  noticed. 

With  these  gases  and  vapours  are  associated  many  substances  which,  sublimed  by 
the  volcanic  heat  or  resulting  from  reactions  among  the  escaping  vapours,  appear  as 
Sublimates  along  crevices  wherein  they  roach  the  air  and  are  cooled.  Besides 
sulphur,  there  are  several  chlorides  (particularly  that  of  sodium,  and  less 
abundantly  those  of  potassium,  iron,  copper,  and  lead) ;  also  free  sulphuric  acid, 
sal-ammoniac,  specular  iron,  oxide  of  copper,  boraoic  acid, 
alum,  sulphate  of  lime,  felspars,  pyroxene,  and  other  substances.  Car- 
l^onato  of  soda  occurs  in  large  quantity  among  the  furoaroles  of  Etna.  Sodium-chloride 
sometimes  appears  so  abimdantly  that  wide  spaces  of  a  volcanic  cone,  as  well  as  of  the 
newly-erupted  lava,  are  crusted  with  salt,  which  oan  even  be  profitably  removed  by  the 
inhabitants  of  the  district  Considerable  quantities  of  chlorides,  &c.,  may  thus  bo 
buried  between  successive  sheets  of  lava,  and  in  long  subsequent  times,  may  givo  rise  to 
mineral  springs,  as  has  been  suggested  with  reference  to  the  saline  waters  which  issue 
from  volcanic  rocks  of  Old  Red  Sandstone  and  Carboniferous  age  in  Scotland.'  The 
iron-chloride  forms  a  bright  yellow  and  reddish  crust  on  the  crater  walls,  as  well  as  on 
loose  stones  on  tlie  slopes  of  the  cone.  Specular  iron,  from  the  decomposition  of  iron- 
chloride,  forms  abundantly  as  thin  lamellie  in  the  fissures  of  Yesuvian  lavas.  In  the 
spring  of  1873  the  author  observed  delicate  brown  filaments  of  tenorite  (copper-oxide^ 
CuO)  forming  in  clefts  of  the  crater  of  Vesuvius.  They  were  upheld  by  the  upstream- 
ing  current  of  vapour  until  blown  off  by  the  wind.  Fouqiie  has  described  tubular  yents 
in  tlie  lavas  of  Santorin  whert*in  crystals  of  onorthite,  sphene,  and  pyroxene  have 
recently  been  formed  by  sublimation.  In  the  lava  stalactites  of  Hawaii  needle-like 
fibres  of  breislakite  abound. 

2.  Water. — Abundant  dischargee  of  water  acoompany  some  volcanic 
explosions.  Three  sources  of  this  water  may  be  assigned : — (1)  from 
the  melting  of  snow  by  a  rapid  accession  of  temperature  previous  to  or 
during  an  eruption;  this  takes  place  from  time  to  time  on  Etna,  in 
Iceland,  and  among  the  snowy  ranges  of  the  Andes,  where  the  cone  of 
Cotopaxi  is  said  to  have  been  entirely  divested  of  its  snow  in  a  single 
night  by  the  heating  of  the  mountain ;  (2)  from  the  condensation  of  the 
vast  clouds  of  steam  which  are  discharged  during  an  eruption;  this 
undoubtedly  is  the  chief  source  of  the  destructive  torrents  so  frequently 
observed  to  form  part  of  tlie  phenomena  of  a  great  volcanic  explosion ; 

*  Fouque',  *  Santorin  et  ses  eruptions,'  p.  225.  '  Fouqu^,  loc:  eiL 

•  Vroe,  Roy.  Soc.  Edin.  ix.  p.  367. 
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and  (3)  from  the  diaruption  of  reservoirs  of  water  filling  subterranean 
cavities,  or  of  lakes  ocoupying  crater-basins;  this  has  several  times 
been  observed  among  the  South  American  volcanoes,  where  immense 
quaniities  of  dead  fish,  which  inhabited  the  water,  have  been  swept 
down  with  the  escaping  torrents.  The  volcano  of  Agua,  in  Guatemala, 
raoeived  its  name  from  the  disruption  of  a  crater-lake  at  its  summit 
by  an  earthquake  in  1640,  whereby  a  vast  and  destructive  debacle  of 
water  was  diaoharged  down  the  slopes  of  the  mountain.  In  the 
beginning  of  the  year  1817,  an  ei-uption  took  place  at  the  large  crater 
of  Idj^n,  one  of  the  volcanoes  of  Java,  whereby  a  steaming  lake  of  hot 
acid  water  was  discharged  with  frightful  destruction  down  the  slopes  of 
the  mountain.  After  the  explosion,  the  basin  filled  again  with  water, 
bnt  its  temperature  was  no  longer  high. 

In  many  cases,  the  water  rapidly  collects  volcanic  dust  as  it 
rnshes  down,  and  soon  becomes  a  pasty  mud;  or  it  issues  at  first  in 
this  condition  from  the  volcanic  reservoirs  after  violent  detonations. 
Hence  arise  what  are  termed  mud-lavas,  or  aqueous  lavas,  which  in 
many  respects  behave  like  true  lavas.  This  volcanic  mud  eventually 
crmBolidates  into  one  of  the  numerous  forms  of  tuff,  a  rock  which,  as 
has  been  already  stated  (p  164),  varies  greatly  in  the  amount  of  its 
coherence,  in  its  composition,  and  in  its  internal  arrangement. 
Obviously,  unless  where  subsequently  altered,  it  cannot  possess  a 
crystalline  structure  like  that  of  true  lava.  As  a  rule,  it  betrays  its 
aqueous  origin  by  more  or  less  distinct  evidence  of  stratification,  by 
the  multifarious  pebbles,  stones,  blocks  of  rock,  tree-trunks,  branches, 
Bhellin,  1x)ne8,  skeletons,  &c.,  which  it  has  swept  along  in  its  courHe  and 
j#re8erved  within  its  mass.  Sections  of  this  compacted  tuff  may  bo  sc^en 
at  Iforculaneum.^  The  trass  of  the  Brohl  Thai  and  otlior  valleys  in  the 
Eifel  district,  referred  to  on  p.  167,  is  another  example  of  an  ancient 
vc»]eanic  mud. 

.*i.  Lava. — The  term  lava  is  applied  generally  to  all  the  molten 
rockrt  of  volcanoes.^  The  use  of  the  word  in  this  broad  sense  is  of 
j^reat  convenience  in  geological  descriptions,  by  directing  attenti(ni 
to  the  leading  character  of  the  rocks  as  molten  products  of  volcanic 
action,  and  obviating  the  confusion  and  errors  which  are  apt  to  arise 
from  an  ill-defined  or  incorrect  lithological  terminology.  I'recise 
«le6uiticni«  of  the  rocks,  such  as  those  alK)ve  given  in  BcK)k  II.,  can 
U.*   abided     when  required.     A   few    remarks   regarding  some  of   the 

*  Mul1<rt  tlioupht  that  the  8o-called  •'  mud-lavas  "  of  Herculatioum  and  Pompeii  were 
tot  aqiicourt  depoBits  {Jnnrn.  Roy.  Geol  Soc.  Ireland,  IV.  (1876)  p.  144).  But  there 
Beems  no  TvoJityn  to  doubt  that  while  au  enormous  amount  of  ashes  fell  during  the 
tmpti<»n  of  A.D.  79,  there  were  likewise,  especially  in  the  late  phases  of  eruption,  copious 
tffrn.-ntjf  of  water  that  mingled  with  the  fine  ash  and  became  "mud-lavas."  Tlio 
i>harf)Q4;80  of  outline,  and  the  absence  of  any  trace  of  abdominal  distension  in  the  moulds 
'»f  the  human  liodies  fouud  at  Pompeii,  probably  shows  that  these  victims  of  the  cu ta- 
rt niphtr  were  rapidly  enveloped  in  a  tirm  coherent  matrix  which  could  hardly  have  been 
mere  looee  dnat.    See  H.  J.  Johnston-Lavis,  Q.  J.  Geol.  Soc.  xl.  p.  89. 

*  "  AUe«    ist  liava  was  im  Vulkano   lliesst  und    durch  seine    FlUasigkeit  neuo 
liCigfcntatter  eiumiumt"  is  Lt*)pohl  von  Bucli*s  comprehensive  definition. 
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general  lithological  eharactera  of  lavas  may  be  of  servioe  here;  the 

behaviour  of  the  rocks  in  their  emission  from  volcanic  orifices  will 

be  described  in  §  2. 

While  still  flowing  or  not  yet  cooled,  lavas  differ  from  eaoli  other  in  the  extent  to 
which  they  ore  impregnated  with  gases  and  vapours.    Some  appear  to  be  mtoiBtedy 
others  contain  a  much  smaller  gaseous  impregnation;   and  hence  arise  important 
distiQctions  in  their  bchavioar  (pp.  200,  207).    After  solidification,  lavas  present  some 
noticeable  characters,  then  easily  ascertainable.    (1)  Their  average  specific  gravity 
may  be  taken  as  ranging  between  2'37  and  3*22.    (2)  The  heavier  varieties  oontain 
much  magnetic  or  titaniferons  iron,  with  augite  and  olivine,  their  composition  being 
basic,  and  their  proportion  of  silica  averaging  about  45  to  55  or  60  per  cent    In  thia 
group  come  the  basalts,  nepheline-lavas,  and  leucite-lavaa    The  lighter  varieties 
oontain  commonly  a  minor  proportion  of  metallio  hoses,  but  are  rich  in  silica,  their 
percentage  of  that  acid  ranging  between  60  and  80.    They  are  thus  not  basic  bnt  aoid 
rooks.    Among  their  more  important  species,  trachyte,  rhyolite,  obsidian,  pitchstone^ 
and  pumice  may  be  enumerated.    Some  intermediate  varieties  (augite-andesite,  honi* 
blende-andesite)  connect  the  acid  and  basic  seriea    (3)  They  differ  much  in  stmctnxe 
and  texture,    (a)  Some  are  entirely  crystalline,  consisting  of  an  interlaced  mass  of 
crystals  and  crystalline  particles,  as  in  some  dolerites,  and  granitoid  liparites.    Even 
quartz,  which  used  to  be  considered  a  non-volcanic  mineral,  characteristic  of  the  older 
aud  chiefly  of  the  plutonic  eruptive  rocks,  has  been  observed  in  large  erytMB  in 
modem  lava  (liparite  and  quartz-andcsite^).    (6)  Some  show  more  or  less  of  a  half* 
glassy  or  stony  (dovitrified)  matrix,  in  which  the  constituent  crystals  are  imbedded ; 
this  is  the  most  common  arrangement,    (e)  Others  are  entirely  vitreous,  such  crystals 
or  crystuUino  particles  as  occur  in  them  being  quite  subordinate,  and,  so  to  wgoB^ 
accidental  enclosures  in  the  main  glassy  mass.    Obsidian  or  volcanic  glass  is  the  typd 
of  this  group,    {d)  They  ftirther  differ  in  the  extent  to  which  minute  pores  or  larger 
cellular  spaces  have  been  developed  in  them.    According  to  Bischof,  tlie  porosity  of  lavas 
depends  on  tlicir  degree  of  liquidity,  a  porous  lava  or  slag,  when  reduced  in  his  experi- 
ments to  a  thin-flowing  consistency,  hardening  into  a  mass  as  compact  as  the  densest 
lava  or  basalt.'    The  presence  of  interstitial  steam  in  lavas,  by  expanding  the  still 
molten  stone,  produces  an  open  cellular  texture,  somewhat  like  that  of  sponge  or  of 
bread.    Such  a  vesicular  arrangement  very  commonly  appears  on  the  upper  surface  of  a 
lava  current,  which  assumes  a  slaggy  or  ciudery  aspect    (4)  They  vary  greatly  in 
colour  and  general  external  aspect.    The  heavy  ba^ic  lavas  are  usually  dark  grey,  or 
almost  black,  though,  on  exposure  to  the  weather,  they  acquire  a  brown  tint  from  the 
oxidation  and  hydration  of  their  iron.    Their  surface  is  commonly  rough  and  ragged, 
until  it  has  been  sufficiently  decomposed  by  the  atmosphere  to  crumble  into  soil  which, 
under  favourable  circumstances,  supports  a  luxuriant  vegetation.    The  less  dense  lavas^ 
such  as  phonolites  and  trachytes,  are  frequently  paler  in  colour,  sometimes  pale  yeUoW 
or  buff,  and  decompose  into  light  soils ;   but  the  obsidians  present  rugged  black  sheets 
of  rock,  roughened  with  ridges  and  heaps  of  grey  froth-like  pumice.    Some  of  the  most 
brilliant  surfaces  of  colour  in  any  rock-scenery  on  the  globe  are  to  bo  found  among 
volcanic  rocks.    The  walls  of  active  craters  glow  with  endless  hues  of  red  and  yellow. 
The  Grand  Ca&on  of  the  Yellowstone  Biver  has  been  dug  out  of  the  most  marvellously 
tinted  lavas  and  tuffs. 

4.  Fragmentary  Materials.— Under  this  title  may  be  included  all 
the  substances  which,  driven  up  into  the  air  by  volcanic  explosions, 
fall  in  solid  form  to  the  ground — the  dust,  ashes,  sand,  cinders,  and 
blocks  of  every  kind  which  are  projected  from  a  volcanic  orifice. 
These  materials  differ  in  composition,  texture,  and  appearance,  eveii 

»  Wolf,  Nem$  Jahrb.  1874,  p.  377. 

*  •  Chem.  und  Phys.  Qeol.'  supp.  (;i871).  p.  144. 
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during  a  single  eruption,  and  still  more  in  BUcooBsive  explosions  of 
the  same  volcano.  For  the  sake  of  convonionce,  separate  names  are 
applied  to  some  of  the  more  distinct  varieties,  of  which  the  following 
may  be  enumerated. 

(1)  Ashes  and  san  d. — In  many  eruptions,  vast  quantities  of  an  exceedingly  fine 
light  grey  powder  are  ejected.  As  this  substanoo  greatly  resembles  what  is  left  after  a 
piece  of  wood  or  coal  is  burnt  in  an  open  fire,  it  has  been  popularly  termed  aatij  and 
this  name  lias  been  adopted  by  geologists.  If,  however,  by  the  word  ash,  the  result  of 
eomboBtion  is  implied,  its  employment  to  denote  any  product  of  volcanic  action  must  be 
legiettedv  as  apt  to  convey  a  wrong  impression.  The  fine  ash-like  dust  ejected  by  a 
volcano  is  merely  lava  in  an  extremely  fine  state  of  comminution.  So  minute  are  the 
pazticlet  that  they  find  their  way  readily  through  the  finest  chinks  of  a  closed  room, 
and  settle  down  upon  floor  and  furniture,  as  onlinary  dust  does  when  a  house  is  shut 
np.  From  this  finest  form  of  material,  gradations  may  bo  traced,  through  what  is 
termed  volcanic  sand,  into  tho  coarser  varieties  of  ejected  matter.  In  compobition,  the 
ash  and  sand  vary  necessarily  with  the  nature  of  the  luva  from  which  they  are  derived. 
Their  microscopic  structure,  and  especially  their  abundant  microliths,  crystals,  and 
volcanic  glass  have  been  already  referred  to  (p.  1G5). 

(2)  Lap  ill!  or  rapilli  (p.  165}  are  ejected  fragments  ranging  from  the  size  of 
a  pea  to  that  of  a  walnut ;  round,  subangnlar,  or  angular  in  shape,  and  having  the  same 
indefinite  xmnge  of  composition  as  the  finer  dust  As  a  rule,  the  coarse  fragments  &11 
nearest  the  focus  of  eruption.  Sometimes  they  are  solid  fhigments  of  lava,  but  more 
nanallj  they  have  a  celluhr  texture,  while  sometimes  they  are  so  light  and  porous  as  to 
float  readily  on  water,  and,  when  ejected  near  the  eea,  to  cover  its  surfoce.  Well-forniod 
crystals  occur  in  the  lapilli  of  many  volcanoes,  and  are  also  ejected  separately.  It  lins 
been  observed  indeed  that  tlie  fragmentary  materials  not  infrequently  contain  finer 
crystals  than  the  accompanying  lava.' 

(3)  Volcanic  Blocks  (p.  1G5)  are  larger  pieces  of  stone,  often  angular  in  slinpo. 
In  fkrine  cases  they  appear  to  be  fragments  loosened  from  already  solidified  rocks  in  tho 
chimney  of  the  volcano.  Hence  we  find  among  them  pii'ces  of  non-volcanic  rocks,  uh 
Well  as  of  older  tufls  and  lavas  rccognisably  belonging  to  early  eruptions.  In  many 
ouaei*,  they  are  ejected  in  enormous  quantities  during  the  earlier  phusos  of  violent 
eruptiun.  The  great  explosion  from  the  side  of  Ararat  in  1840  was  accompanied  by 
the  discharge*  of  a  vast  quantity  of  fragments  over  a  siwioe  of  many  square  miles  around 
the  mountain.  Whitney  has  described  the  occurrence  in  C!alifonuu  of  )>edH  of  such 
fragmentary  volcanic  breccia,  hundreds  of  feet  thick  and  covering  many  scjuare  miles 
of  surface.  Jnnghulm  in  his  account  of  the  eruption  in  Java  in  1772,  mentions  that 
a  valley  ten  miles  long  was  filled  to  an  average  depth  of  fifty  feet  with  angidar 
Tokaaic  debris.' 

Among  the  earlier  eruptions  of  a  volcano,  fragments  of  the  rocks  through  which  tho 

nnt  baa  been  drilled  may  frequently  l>c  obsen-eil.    These  are  in  many  cases  not 

tolffanie.      Blocks  of  schist  and  granitoid  rocks  r>ccur  in  the  cinder-beds  at  the  Imim' 

4  the  v<)lcanic  scries  of  Santorin.    In  the  older  tuffs  of  Somma,  pieces  of  altered 

Vaiii.3i"U>-  (.-mn^times  measuring  200  cubic  feet  or  more  and  weighing  upwunls  of 

i'-  ^-^)  are  ubundant   and    often    c(^>ntain  cavities    lined    with   the   characteritotii* 

-V'  ••n'ciu  niincrals."  *    Blocks  of  a  coarsely  cr}'stalline  granitoid  (but  really  traehytie) 

UN  a  liavts  been  particularly  observed  both  on  Etna  *  and  Vesuvius.    In  the  year  1x70 

AIUM4  (i{  tliiit  kind,  weighing  several  tons,  was  to  be  &een  lying  at  the  foot  of  Vesuviuh. 


^.trturiuvon  WaltenhauiCD,  'Sicilien  und  Island,'  1853,  p.  .32H. 

l^ti\  E«e  tbfi  niBKks  already  made  on  volcanic  conglomerates,  antf,  p.  ht5. 

>•  '■  H.  J.  JohnsUm-Lavis,  Q.  J.  Gtol.  i^.  xl.  p.  75. 

»  ■'  i1m?  (Topled  blocks  (AuMWiirflinge)  of  Etna  Hoe  *  lli-r  A'tn:i/  ii.   |,|,.  2l<:, 
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within  the  entruioe  to  the  Atrio  del  CaTollo.  SimiUr  blocka  ooeni  amoi^;  the  0*r- 
boiitFeroiu  volc&nic  pipes  of  central  Bootlsnd,  together  BometimeB  with  fragmenta  of 
BOixLitoDc,  shale,  or  limOBtonc,  not  iufttsqucntly  fall  of  duboulferaua  foaailB.* 

(4)Votouiiic  liombB  and  b  1  a  g  s.—Tbeas  tiavo  originally  formed  portiona  of 
llio  oolumn  of  lava  luccuding  tho  pipe  of  tho  volcano,  and  have  been  detached  and 
hurled  into  the  air  by  tho  euoceauvo  eiplodcni  ef  steam.  A  bomb  (Fig.  S4)  ia  a 
round,  elliptical,  or  pcar-ahaped,  often  dUcoidal  man  of  lava,  fran  a  few  Inehea  to 
BcVGial  feet  in  diameter ;  somotimea  tolerably  solid  thronghout,  more  nanally  ooaiMlf 
cellular  inaidc.  Not  infrequently  its  interior  ia  hollow,  and  the  bomb  then  conauta  of 
a  eholl  which  is  matt  cloac-grained  towards  the  outiide,  or  the  centre  ii  a  block  of 
Btone  with  an  external  canting  of  lava.  There  can  bo  no  doubt  that,  when  iora 
by  cructaliona  of  ateam  from  the  surface  of  the  boiling  lava,  the  material  of 
these  bombs  is  in  as  thoroughly  molten  a  condition  as  tho  rest  of  the  maaa.  Vtout 
the  rotatorjr  motion  imparted  by  its  ejection,  it  takes  a  ciipulnr  form,  and  in  pioportion 
to  its  rapidity  of  rotation  and  fluidity  is  the  amonnt  of  its  "  flattening  at  the  pole*.** 
Tiie  centrifugal  force  within  allows  the  expansion  of  the  interstitial  vapour,  while  tlio 


Fig.  34,— .Btdlon  of  Volcanic  llMiib,  oDe-tblrd 


outer  surTace  mpidly  cools  und  aolidifles;  hence  the  solid  crust,  and  the  porous  or 
cavtruoua  interior.  Bnch  bombs,  varying  from  the  sixc  of  an  apple  to  that  of  a  man's 
body,  were  found  by  Darwin  abundantly  strewn  over  tho  ground  in  the  Island  Af 
Ascension  ;  they  were  also  ejected  in  vast  qnantitica  during  the  emption  of  Banlorin  In 
11JG6.'  Among  the  tufTa  of  the  EiFci  region,  aniall  bombs,  eonalsting  mostlj  of  giaunlai 
oliviDc,  ate  of  common  occurrence,  as  also  pieces  of  sanidioe  or  other  leas  fusible 
uinomla  which  have  aegtt^ted  out  of  the  magma  before  ejection.  In  like  manner, 
among  tho  tufia  Ailing  the  volcanic  necks  in  the  Lower  Carbonifooos  rocks  of  FiGj, 
large  worn  crystals  of  orthoclaae.  biotite,&a,  ore  found.  When  the  qected  fragment 
of  lava  has  a  rough  irregular  form  and  a  porous  Btmotttre,  like  the  clinkei  of  an  iron- 
furnace,  it  is  known  as  a  slag.' 

>  Traiu.  Boy.  Soe.  Edin.  i^\\.  p.  J59.    See  fioafca.  Book  IV.  Sect.  viL  $  1. 4. 

*  Darwin,  ■  Oeologieal  Ubservations  on  Volcanic  Islauds,'  Zad  edit.  p.  42.  ^jnqn^ 
'Bantorin  '  p.  7Q. 

'  On  the  ratio  between  tiie  pores  and  volume  of  tho  lock  iu  aUga  and  lava^  RW 
dctcrminationa  by  Bischof,  'Chem.  und  Phya.  Gcol.'  snpp.  (1871)  p.  158. 
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The  fragmentaiy  matorialB  ornpted  by]a  volcano  and  deposited  around  it,  acquire  by 
degrees  more  or  lots  oonsolidation,  partly  from  the  mere  pressure  of  the  higher  upon 
the  lower  strata,  partly  from  the  influence  of  infiltrating  water.  It  has  been 
already  stated  (p.  164)  that  different  names  are  applied  to  the  rocks  thus  formed. 
The  eoane,  tomoltiioiis,  Tinstratified  accumulation  of  volcanic  dcfbris  within  a  crater  or 
fnniiel  is  called  Agglomerate.  Wlien  the  debris,  though  still  coarse,  is  more 
xoimded*  and  is  airaQgcd  in  a  stratified  form  on  the  slopes  of  the  cone  or  on  the  plain 
beyond,  it  beoomes  a  Voloanic  Conglomerate.  The  finer-grained  varieties, 
formed  of  dost  and  lapilli,  are  included  in  the  general  designation  of  Tu  ffs.  These 
aio  nsnally  pale-yellowish,  greyish,  or  brownish,  sometimes  black  rocks,  granular, 
poTons,  and  often  incoherent  in  texture.  They  occur  interstratified  with  and  pass  into 
ordinarf  non-Tolcanio  sediment 

Orgsnio  remains  sometimes  occur  in  tuff.  Where  volcanic  dc'bris  has  accumulated 
over  the  floor  of  a  lake,  or  of  the  sea,  the  entombing  and  preserving  of  shells  and  other 
organic  objects  must  continually  take  place.  Examples  of  this  kind  are  cited  in  later 
pages  of  this  volume  from  older  geological  formations.  Professor  Guiscardi  of  Naples 
has  found  about  100  speoies  of  marine  shells  of  living  species  in  the  old  tuffs  of  Vesuvius. 
Marino  shells  have  been  picked  up  within  the  crater  of  Monte  Nuovo,  and  have  been 
frequently  observed  in  the  old  or  marine  tuff  of  that  district.  Showers  of  ash,  or  sheets 
of  Toloanie  mod  often  preserve  land-shells,  insects,  and  vegetation  living  on  the  area 
at  the  tiiiie.  The  older  tufls  of  Vesuvius  have  yieldeil  many  remains  of  the  shrubs  and 
trees  whioh  at  ssocessive  periods  have  clothed  the  flanks  of  the  mountain.  Fragments 
of  ooniteoiu  wood,  whioh  onoo  grow  on  the  tuff-cones  of  Carboniferous  age  in  central 
Sootland,  are  abundant  in  the  "  necks  "  of  that  region,  while  the  minute  structure  of 
•ome  of  the  lefadodendroid  plants  has  also  been  admirably  preserved  there  in  tuff.^ 

§2.    Yolcanic  Action. 

Yoloanic  action  may  bo  either  conBtant  or  periodic.  Stromboli,  in 
the  Mediterranean,  so  far  as  wo  know,  has  been  nnintorruptodly 
emitting  hot  stones  and  steam,  from  a  basin  of  molten  lava,  since  the 
earliest  period  of  history.^  Among  the  Molnccas,  the  volcano  Sioa, 
and  in  the  Friendly  Islands,  that  of  Tofiia,  have  never  ceased  to  be 
in  eruption  since  their  first  discovery.  The  lofty  cono  of  Sangay, 
among  the  Andes  of  Quito,  is  always  giving  off  hot  vapours  ; 
C-otopaxi,  too,  is  ever  constantly  active.^  But,  though  examples  of 
unceasing  action  may  thus  ho  cited  from  widely  different  quarters  of 
the  globe,  they  are  nevertheless  exceptional.  Tlie  general  rule  is 
that  a  volcano  breaks  out  from  time  to  time  with  varying  vigour,  and 
after  longer  or  shorter  intervals  of  quiescence. 

Active^  Dormant,  and  Extinct  Phases.— It  is  usual  to  class 
volcanoes  as  active,  doruiant,  and  fxtinrf,  Tliis  arrangement,  liowevor, 
often  presents  considenible  difficulty  in  it^  application.  An  active 
v<ilcan<»  cannut  of  C4)urso  he  mistaken,  lor  oven  wlicn  not  in  eruption, 
it  shows  by  its  discharge  of  steam  and  hot  vapours  that  it  might 
break   out   into   activity   at  any  moment.     But   in   many  cases,  it  is 

'  TraH$,  Roy.  8oe.  Edin.  xxix.  p.  470  ;  ]H>ffra,  Book  IV.  Part  vii.  Sect.  ii.  §  2. 

"  For  accouuts  of  StTomlK)li  seo  Spalluiizniii*8  *  Voyafrrs  duns  len  deux  Siciles.* 
Scrope's  *  Volcanoes.'  Judd,  Geol.  Mag.  1875.  Mcrcalli's  *  Vnlcaiii,  &c,'  p.  lar*;  mid  liis 
pupcr  in  AUt  Sue.  Hal  ScL  ML  xxiv.  (1881). 

■  For  doscriptious  of  Cotupaxi,  see  Wolf,  Neitts  Jahrb.  1878;  Whymper,  A'a/Mrc, 
xziii.  p.  S28. 
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impossible  to  decide  whether  a  volcauo  should  be  called  extinct  or 
only  dormant.  The  volcanoes  of  Silurian  age  in  Wales,  of  Carboni- 
ferous age  in  Ireland,  of  Permian  age  in  the  Harz,  of  Miocene  age 
in  the  Hebrides,  of  younger  Tertiary  age  in  the  Western  States  and 
Teiritories  of  North  America,  are  certainly  all  extinct.  Bat  the 
Miocene  volcanoes  of  Iceland  are  still  represented  there  by  Skaptar- 
Jokull,  Hecla,  and  their  neighbours.^  Somma,  in  the  first  century 
of  the  Christian  era,  would  have  been  naturally  regarded  as  an  extinct 
volcano.  Its  fires  had  never  been  known  to  have  been  kindled; 
its  vast  crater  was  a  wilderness  of  wild  vines  and  bmshwood, 
haunted,  no  doubt  by  wolf  and  wild  boar.  Yet  in  a  few  days, 
during  the  autumn  of  the  year  79,  the  half  of  the  crater  walls  was 
blown  out  by  a  terrific  series  of  explosions,  the  present  Vesuvius  was 
then  formed  within  the  limits  of  the  earlier  crater,  and  since  that 
time  volcanic  action  has  been  intermittently  exhibited  up  to  the 
present  day.  Some  of  the  intervals  of  quietude,  however,  have  been 
so  considerable  that  the  mountain  might  then  again  have  been  daimed 
as  an  extinct  volcano.  Thus,  in  the  131  years  between  1500  and 
1631,  so  completely  had  eruptions  ceased  that  the  crater  had  once 
more  become  choked  with  copsewood.  A  few  pools  and  springs  of 
very  salt  and  hot  water  remained  as  memorials  of  the  former  condition 
of  the  mountain.  But  this  period  of  quiescence  closed  with  the 
eruption  of  1631, — ^the  most  powerful  of  all  the  known  explosions  of 
Vesuvius,  except  the  great  one  of  79.  In  the  island  of  Ischia,  Mont* 
Epomeo  was  last  in  eruption  in  the  year  1302,  its  previous  outburst 
having  taken  place,  it  is  believed,  about  seventeen  centuries  before 
that  date.  From  the  craters  of  the  Eifel,  Auvergne,  the  Vivarais,  and 
central  Italy,  though  many  of  them  look  as  if  they  had  only  reoentiy 
been  formed,  no  eruption  has  been  known  to  come  during  the  times 
of  human  history  or  tradition.  In  the  west  of  North  America,  firom 
Arizona  to  Oregon,  numerous  stupendous  volcanic  cones  occur,  bot 
even  from  the  most  perfect  and  fresh  of  them  nothing  but  steam 
and  hot  vapours  have  yet  been  known  to  proceed.  But  the  existence 
there  of  hot  springs  and  geysers  testifies  to  the  continued  existence  of 
one  phase  of  volcanic  action. 

In  short,  no  essential  distinction  can  bo  drawn  between  dormant 
and  extinct  volcanoes.  Volcanic  action  is  apt  to  show  itself  again  and 
again,  even  at  vast  intervals,  within  the  same  regions  and  over  the 
Bamo  sites.  The  dormant  or  waning  condition  of  a  volcano,  when  only 
steam  and  various  gases  and  sublimates  arc  given  off,  is  sometimes 
called  tlie  Solfiitara  phase,  from  the  well-known  dormant  crater  of 
that  name  near  Naples. 

Sites  of  Volcanic  Action. — Volcanoes  may  break  through  any 

^  On  the  volcanic  phenomena  of  Iceland  consult  G.  Mackeu2ie*B  '  Travels  in  tbo 
Island  of  Iceland  during  the  Summer  of  1810.'  E.  Henderaou's  *  Iceland.'  Zirkd,  'De 
^eoguostica  iHlandiss  confltitutione  ohscrvationcs,'  Bonn,  1861.  Thoroddacn,  QtoL 
Ma<j.  1880,  p.  458  ;  NaU're,  Oct.  1884,  and  works  cited  on  p.  238. 
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geological  formation,  In  Anvergne,  in  the  Miocene  period,  they 
barst  through  the  granitic  and  gneiBsose  plateau  of  central  France. 
In  Lower  Old  Sed  Sandstone  times,  they  pierced  contorted  Silurian 
rooikB  in  central  Scotland.  In  late  Tertiary  and  post-Tertiary  ago;', 
they  found  their  way  through  recent  soft  marine  strata,  and  formed 
the  huge  piles  of  Etna,  Somma  and  Vesuvius;  while  in  North 
America,  during  the  same  cycle  of  geological  time,  they  flooded  with 
laya  and  tufif  many  of  the  river  courses,  valleys,  and  lakes  of  Nevada, 
Utahy  Wyoming,  Idaho  and  adjacent  territories.  On  the  banks  of 
khe  Bhine,  at  Bonn  and  elsewhere,  they  have  peneti'ated  some  of  the 
alder  alluvia  of  that  river.  In  many  instances,  also,  newer  volcanoes 
liave  appeared  on  the  sites  of  older  ones.  In  Scotland,  the  Carboni- 
bioufl  volcanoes  have  risen  on  the  ruins  of  those  of  the  Old  Hod 
Sandstone,  those  of  the  Permian  period  have  broken  out  among  the 
3arlier  Carboniferous  eruptions,  while  the  Miocene  lavas  have  been 
injected  into  all  these  older  volcanic  masses.  The  newer  puys  of 
iuvergne  were  sometimes  erupted  through  much  older  and  already 
greatly  denuded  basalt-streams.  Somma  and  Vesuvius  have  risen 
mt  of  the  great  Neapolitan  plain  of  older  marine  tuff,  while  in  central 
Italy,  newer  cones  have  been  thrown  up  upon  the  wide  Boman  plain 
yf  more  ancient  volcanic  debris.^  The  vast  Snake  Biver  lava-fields  of 
Idaho  overlie  denuded  masses  of  earlier  trachytic  lavas,  and  similar 
iroofii  of  a  long  succession  of  intermittent  and  widely-separated  volcanic 
mtlmrsts  can  be  traced  northwards  into  the  Yellowstone  Valley. 

When  a  volcanic  vent  is  opened,  it  might  be  supposed  always  to 
ind  its  way  to  the  surface  along  some  line  of  fissure,  valley  or  deep 
iepression.  No  doubt  many,  if  not  most,  modem  as  well  as  ancient 
rents,  especially  those  of  large  size,  have  done  so.  It  is  a  curious 
act,  however,  that  in  innumerable  instances  minor  vents  have 
appeared  where  there  was  no  line  of  dislocation  to  aid  them.  This 
las  been  well  shown  by  a  study  of  the  ancient  volcanic  rocks  of  the 
)ld  Red  Sandstone,  Carboniferous  and  Permian  formations  of  Scot- 
and.'  It  has  likemse  been  most  impressively  demonstrated  by 
he  way  in  which  the  minor  basalt  cones  and  craters  of  Utah  have 
>roken  out  near  the  edges  or  even  from  the  face  of  cliffs,  rather  than 
,i  the  bottom.  Captain  Button  remarks  that  among  the  high  plateaux 
»f  Utah,  where  there  are  hundreds  of  basaltic  craters,  the  least 
ommon  place  for  them  is  at  the  base  of  a  cliff,  and  that,  though  they 
Kxjur  near  faults,  it  is  almost  always  on  the  lifted,  rarely  upon  the 
lepresscd  sidc.^  On  a  small  scale,  a  similar  avoidance  of  the  valley 
jottom  is  shown  on  the  Rhine  and  Moselle,  where  eruptions  have  taken 
place  close  to  the  edge  of  the  plateau  through  which  these  rivers  wind. 

*  Aceoidiog  to  Profewor  G.  Pozzi,  the  principal  volcanic  outbursts  of  Italy  are  of 
the  Glacial  Period.  AtU  Lincei,  3d  ser.  vol.  ii.  (1878)  p.  85.  Stefani  r^arda  those  of 
Totcany  as  partly  Miocene,  partly  Pliocene  nnd  post-Pliocene.  (Froc»  Tosc.  8oc.  Nat, 
Vita,  I.  p.  xxi.) 

•  Tran$.  Itoy.  Hoc..  Edin.  xxix.  p.  437. 

»  "High  Plateaux  of  UUli/'  Geol.  and  Geog.  Survey  of  Tanitoritt,  1880,  p.  02. 
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*  r*i;'i:Z  i--^i".n\f.ri^r.  In  Lik^i  "naimtrr,  Ztaai.  ic'^nriinif  c?  Surti^Tcnu  Ton 
TCt^rt-rwyiiif**::.  .*  ui;'""  M-i—'r  .n.  "iie  "^viiiDir  !m?iittU!L  When  we 
.*  '.rcn:  rn .  .*t r  '.  1  r  -.  i nn ficr*!  -n-  ni j 'v  In*  Ln:  iia  .1 17  ^sci is  litHieiL  T:-t>tw¥«»ii  a  more 
I* .  •-. « !  .ti«  ;.*> : r:: iir ^r?  if  n :•  •-  i Jim p  in  mine*  »nt £  1  Ii  .•  werinx  •  r-f  asnoispheric 
%:-:^:;.":.  Vi-r  .uix^  A  ;jr=rr.ar**L  Tj  imL  %  -amiliir  iiufneE.':**  *f acting  the 
*:w,a:.-:  '.t  •rtr.i.M-.-s  rr.'.m  'hft  "ipiier  'Pircioe  in  r^  LkTk-^zt'jlTtsifi  of  a 
V;u;aL.'* .  ;  f.r  '.".  M  iir.r  v.   ni-ir!i  '.i  ^e  la*^  r'aielf  ;&»  to  th?*  expansive 

I7».fi  ^^tTi  nr.rj.  •fii':  r. -I  r.-.  r.frr  whioh  ^.^^k  pljioe  :a  winter  .^ii'i  spring  was 
Vf  tK;*f.  of  rf.',«w;  xh>K  rr.kft  -.n::  in  'jTmiier  iJWLd  aamnin  as  7  to  4. 
lint  t}i*iT(:  rf»^y  u-.  ^,tt.(;7  '';aaaf.-?»  r.oaiile**  Acm'.ephtrio  pressniv  coneemeil 
in  i\i<M»  f\ifff:TfiTir.fA ;  t.hft  jTe^ioc'ierui'?e  of  nin  dnring  the  winter 
firi'l  fff>rioj(  Tfiay  V;  onf;  of  t?i':*>':.  At.^-riin^  to  3Ir.  Csan,  previonK  to 
th^;  p;r*!ti  Ffaw^klAn  ftrnption  '^if  1^»>-S  th»rre  hi«l  l^e^-n  unusually  wet 
wfAth«-r,  find  Uf  t.hift  ffi/rt.  ho  attril-ut^s  the  exceptional  severity  of  the 
i'.firi]u\m%k«iH  siuf\  volrranir:  fsxplosions.^  But  at  most,  the  effects  of 
viiryifij^  jitrnoH|»l»f!rif:  pn;hHiin;  ojin  only  slightly  mo<lify  volcanic  activity. 
KniptiniiH,  ViUc  tfi<i  j^r^Jif.  on*?  rif  f'otopaxi  in  1877,  have  in  innumerable 
iiiHiiiiiccw  UiUtu  pliirn  wiflioiit,,  ho  far  an  cau  l>e  asci-rtained,  any  roferenci^ 
in  iitftKiHphf^rir  cniiflif ioriH. 

'  Kiir  «ir«'»iiiiilH  fir  Mil'  v'llf'fttiin  iiliciKiinriiu  of  HiiwAii,  eoe  W.  EUitii,  'Polvnesinu  Rc- 
MMirolwH.'  \\\\Ur»  V  M.  Kxpl'TiiiK  Kxp»M|itl<)ii,  1838-42/*  (Jenlogy,"  by  J.  D.^DaDa,  The 
|{<  \.  '\\  (Niiiii.  II  iiil«iuiitiniiy  n  iii<li<iii  in  IIiiWiiii\  o1>H<Tve<l  tho  operations  of  the  voloanoc^d 
for  iipwiirilM  ot  liiity  y<*iirH.  iiiul  puliliHhnl  fnmi  time  to  lime  short  notices  of  tbeiii 
III  tlu>  .hiiui.iiM  Jtun mil nf  Sit hr,\\iAH,  xiii.  (IS.Vi)  xiv.  XV.  xviii.  xxi.  xxii.  xxiii.  xxt. 
\v\ii.  \\\^ii.  \I.  \!iil.  \lvii.  \li\.:  'M  nrr.ii.  (IS7n  iv.  vii.  viii.  xiv.  xviii.  xx.  xxi. 
\\n   ilS^lV    Srriili«i(\  K    PuHnn.  .1mm  r.  ./oMni.  ^^•/.  xxv.  (1883)  p.  219;  Seport  I/JS. 

•  :.  .'.  :i.M.'  »<;.M%-;.  ISS'.*  S:l.    For  iiii  lU'roiinl  of  ihi'  ix'umrkablo  glassy  In viis  ot  Hawaii. 

,.,  r  I  o.t  i«,  \.  lu .-  Jithi'iK  isso  01 )  i».  y*^ 
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Kluge  has  sought  to  trace  a  connexion  "between  the  years  of 
maximam  and  minimum  snn-spots  and  those  of  greatest  and  feeblest 
volcanic  activity,  and  has  constructed  lists  to  show  that  years  which 
have  been  specially  characterized  by  terrestrial  eruptions  have  coincided 
with  those  marked  by  few  sun-spots  and  diminished  magnetic  dis- 
turbance.^ Such  a  connexion  cannot  be  regarded  as  having  yet  been 
satisfactorily  established.  Again,  the  same  author  has  called  attention 
to  the  frequency  and  vigour  of  volcanic  explosions  at  or  near  the  time 
of  the  August  meteoric  shower.  But  in  this  case,  likewise,  the  cited 
examples  can  hardly  yet  be  looked  upon  as  more  than  coincidences. 

t,  Periodicity  of  Emptions. — At  many  volcanic  vents  the  erujitivo 
energy  manifests  itself  with  more  or  less  regularity.  At  Stromboli, 
which  is  constantly  in  an  active  state,  the  explosions  occur  at  intervals 
varying  from  three  or  four  to  ten  minutes  and  upwards.  A  similar 
rhythmical  movement  has  been  often  observed  during  the  eruptions  at 
other  vents  which  are  not  constantly  active.  Volcano,  for  example, 
daring  its  eruption  of  September  1873,  displayed  a  succession  of  ex- 
plosions which  followed  each  other  at  intervals  of  twenty  to  thirty 
minutes.  At  Etna  and  Vesuvius  a  similar  rhythmical  series  of  con- 
vulsive efforts  has  often  been  observed  during  the  course  of  an  eruption.^ 
Madi  more  striking,  however,  is  the  case  of  Kilauea,  in  Hawaii,  which 
seems  to  show  a  regular  system  of  grand  eruptive  periods.  Dana 
has  pointed  out  that  outbreaks  of  lava  have  taken  place  from  that 
volcano  at  intervals  of  from  eight  to  nine  years,  this  being  the  time 
required  to  fill  the  crater  up  to  the  point  of  outbreak,  or  to  a  depth 
of  400  or  500  feet.  But  the  gieat  eruption  of  1868  did  not  occur 
until  after  an  interval  of  18  years.  The  same  author  suggests  that 
the  missing  eruption  may  have  been  submarine.^ 

General  sequence  of  events  in  an  Eruption. — The  approach  of 
an  eruption  is  not  always  indicated  by  any  premonitory  symptoms, 
for  many  tremendous  explosions  are  recorded  to  have  taken  placo 
in  different  parts  of  the  world  without  perceptible  warning.  Much 
in  this  re82)ect  would  appear  to  depend  upon  the  condition  of 
liquidity  of  the  lava,  and  the  amount  of  resistance  offered  by  it  to 
the  passage  of  the  escaping  vapours  through  its  mass.  In  Hawaii, 
where  the  lavas  arc  remarkably  liquid,  vast  out-pourings  of  them 
have  taken  place  quietly  without  earthquakes  during  the  present 
century.  But  even  there,  the  great  eruption  of  1868  was  accom- 
panied by  tremendous  earthquakes. 

The  eruptions  of  Vesuvius  are  often  preceded  by  failure  or  dimi- 
nution of  wells  and  springs.  But  more  frequent  indications  of  an 
approaching    outburst   are    conveyed    by   sympathetic  movements    of 

'  Uelier  Synchronismus  uud  AntagonismuB,  8vo,  Leipzig,  1863,  p.  72.  A.  lV>ey 
[r*m%pU»  Rend.  Ixxviii.  (1874)  p.  51)  bcliovea  that  among  tho  786  cniptious  rocordetl  by 
klnge,  botweon  1749  and  1801,  the  inaxima  correspond  to  periods  of  minimum  in  solar 
iiuf>U.    See,  however,  pontea^  pp.  250,  259. 

*  (i.  Mcrcalli.  Atii  Soc.  Ital.  Sci.  Nat.  xxiv.  (1881). 

'  On  the  periodicity  of  eruptions,  see  Kluge,  Ncues  Jahib.  18C2,  p.  582. 
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tho  ground.  Subterranean  rumblings  and  groanings  are  heard; 
slight  tremors  succeed,  increasing  in  frequency  and  violence  till  they 
become  distinct  earthquake  shocks.  The  vapours  from  •  tho  crater 
grow  more  abundant,  as  the  lava  column  in  the  pipe  or  funnel  of 
the  volcano  ascends,  forced  upward  and  kept  in  perpetual  agita- 
tion by  tho  pasaago  of  elastic  vapours  through  its  mass.  After  a 
long  previous  -interval  of  quiescence,  there  may  be  much  solidified 
lava  towards  the  top  of  the  funnel,  which  will  restrain  the  ascent  of 
the  still  molten  portion  underneath.  A  vast  pressure  is  thus 
exercised  on  the  sides  of  the  cone  which,  if  too  weak  to  resist,  will 
open  in  one  or  more  rents,  and  the  liquid  lava  will  issue  from  the 
outer  slope  of  the  mountain;  or  the  energies  of  the  volcano  will  bo 
directed  towards  clearing  the  obstruction  in  the  chief  throat,  until, 
with  tremendous  explosions,  and  the  rise  of  a  vast  cloud  of  duBt  and 
fragments,  tho  bottom  and  sides  of  the  crater  are  finally  blown  out, 
and  tho  top  of  the  cone  disappears.  The  lava  may  now  escape  from 
the  lowest  part  of  the  lip  of  the  crater,  while,  at  the  same  time, 
immense  numbers  of  red  hot  bombs,  scoriae,  and  stones  are  shot  up 
into  the  air.  The  lava  at  first  rushes  down  like  one  or  more  rivers 
of  melted  iron,  but,  as  it  cools,  its  rate  of  motion  lessens.  Clouds  of 
steam  rise  from  its  surface,  as  well  as  from  the  central  crater.  Indeed, 
every  sucoessive  paroxysmal  convulsion  of  the  mountain  is  marked, 
even  at  a  distance,  by  the  rise  of  huge  ball-like  wreaths  or  doads  of 
steam,  mixed  with  dust  and  stones,  forming  a  column  whioh  towers 
sometimes  a  couple  of  miles  above  the  summit  of  the  cone.  By  degrees 
these  eructations  diminish  in  frequency  and  intensity.  The  lava 
ceases  to  issue,  the  showers  of  stones  and  dust  decrease,  and  after  a 
time,  which  may  vary  from  hours  to  days  or  months,  even  in  the  regime 
of  the  same  mountain,  the  volcano  becomes  once  more  tranquil.^ 

In  tho  investigation  of  the  subject,  tho  student  will  naturally 
devote  attention  specially  to  those  aspects  of  volcanic  action  which 
have  more  particular  geological  interest  from  the  permanent  changes 
with  which  they  are  connected,  or  from  tho  way  in  which  they 
enable  us  to  detect  and  realize  conditions  of  volcanic  energy  in 
former  periods. 

Fissures. — Tho  convulsions  which  culminate  in  the  formation  of 
a  volcano  usually  split  open  the  terrestrial  crust  by  a  more  or  less 
nearly  rectilinear  fissure,  or  by  a  system  of  fissures.  In  the  sulwequent 
progress  of  the  mountain,  the  ground  at  and  around  the  focus  of  action 
is  liable  to  be  again  and  again  rent  open  by  other  fissures.  These  tend 
to  diverge  from  the  focus  ;  but  around  the  vent  where  the  rocks  have 
been  most  exposed  to  concussion,  the  fissures  sometimes  intersect  each 
other  in  all  directions.  In  the  great  eruption  of  Etna,  in  the  year  1669, 
a  series  of  six  parallel  fissures  opened  on  the  side  of  the  mountain.    One 

*  See  J.  F.  J.  Schmidt's  narrative  of  the  eruption  of  Vesuviug  in  May,  1855.  An 
ftccount  of  the  groat  eruption  of  Cotopaxi  in  June  1877,  by  Dr.  Th.  Wolf,  will  be  found 
in  JSeue9  Jahrb,  1878,  p.  118. 
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of  these,  with  a  width  of  two  yards,  ran  for  a  distance  of  12  miles, 
in  a  somewhat  winding  coarse,  to  witliin  a  milo  of  the  top  of  the  cone.' 
Similar  fisearee,  bnt  on  a  smaller  scale,  have  often  been  observed  on 
VesnTittB ;  and  they  are  recorded  from  many  other  volcanoes,* 

Two  obrions  catises  may  be  aasigncd  fur  the  fissuring  of  a  volcanic 
cone: — (1)  the  enormons  expansive  force  of  tho  imprisoned  vapours 
acting  npon  the  walls  of  the  funnel  and  couvnlaing  the  cone  by 
BQCceasive  explosioua ;  and  (2)  the  hydrostatic  preBsure  of  tho  lava- 
GolamD  in  the  funnel,  whioh  may  be  taken  to  bo  about  120  lb.  per 
sqnare  inch,  or  nearly  8  tons  on  the  square  foot,  for  each  100  feet  of 
depth.     Both  of  these  canses  may  act  simnltaneously. 

Into  the  rents  thus  formed,  the  molteu  lava  naturally  finds  its  way 


Fig.  M.— VIqw  of  Liv»-dyk«i,  Vail'?  ilcl  Dove,  ElnB  (AWth). 

or  is  forced,  and  it  solidifies  there  like  iron  in  a  mould.  Tho  clifis  of 
many  an  old  crater  show  how  marvellously  they  have  been  injected 
hy  snoh  veiiu  or  dykes  of  lava.  Those  of  Somma,  and  the  Vallo  del  Bovo 
wi  Etna  (Fig.  35),  which  have  long  been  known,  project  now  from  tho 
•nfter  tufls  like  walls  of  masonrj'.'  Tho  crater  cliffs  of  Sautorin  also 
present  an  abundant  series  of  dykes.  Tho  permanent  separation  of 
the  walls  of  fissures  by  tho  consolidation  of  the  lava  that  rises  in 
them  as  dykes  must  widen  the  dimensions  of  a  cone,  for  the  fissures  are 
not  due  to  shrinkage,  although  doubtless  the  loosely  pilod  fragmentary 


'.  Kor  a  notice  of  flsanros  oi 


■a  Bilvcatri,  Bdl.  Jt.  Ued.  Com.  Ital.  IW4. 


DrifAMICAL   GEOLOGY.  [Book  Ul.  Part  I 


196 

iiiut«rialii,  ill  the  uouise  of  their  conuolidation,  develop  Uqcb  of  joint. 
Sometimes  the  lava  has  evidently  liBeii  in  a  state  of  extreme  fluidity, 
and  has  at  once  filled  the  reut«  prepared  fur  it,  cooling  npidly 
on  tho  outside  as  a  true  volcauiu  glass,  but  aBsumiag  a  distinctly 
ciystalliuo  structure  inside  (ante,  p.  153).  Dykce  of  this  kind,  with 
a  vitreous  crust  on  their  sides,  may  be  seen  on  the  crater-vrall  of 
Somma,  and  uot  uncommonly  among  basalt  dykes  in  Iceland  and  Soot- 
laud.  In  other  cases,  the  lava  had  probably  already  acquired  a  more 
viucouu  or  ovun  lithoid  character  ere  it  rose  in  tho  fissure,  and  in  this 
eonditiou  was  able  to  push  aside  and  even  contort  tho  strata  uf  tuff 
thruugh  which  it  made  its  way  (Fig.  3t}).    There  can  bo  little  doubt 
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that  in  the  architeoturo  of  a  volcano  d}kes  must  act  tho  jiart  of  huge 
beams  and  girders  (Fig  37)  binding  the  loose  tnfb  and  intercalated 
lavas  together  and  strengthening  the  cone 
against  the  effects  of  subsequent  oonvul- 
Bions. 

From  this  pomt  of  view  an  explaua- 
tiOQ  suggests  itself  of  the  observed  alter- 
nations  in  the  character  of  a  volcano  s  erup- 
tions These  alternations  may  depend  in 
great  measure  upon  the  relation  between  the 
height  of  the  cone  on  the  one  hand  and 
the  strength  of  its  sides,  on  the  other.  When  the  sides  have  been  vrell 
braced  together  by  interlaoing  dykes,  and  further  thickened  by  tho 
spruad  of  volcanic  materials  all  over  their  slopes,  they  may  insist  tho 
effects  of  explosion  and  of  the  pressure  of  tho  ascending  lava-column. 
Ill  this  case,  the  volcano  may  find  relief  only  from  its  summit,  and 
if  the  lava  flows  forth,  it  will  do  so  from  the  top  of  the  cone.  As  the 
Cone  increases  in  elevation,  however,  tho  pressure  from  within  upon 
its  sides  augments.  Eventually  cgrcBS  is  once  more  established  on 
the  flanks  by  means  of  fissures,  and  a  new  series  of  lava-streams 
is  poured  out  ovet  tho  lower  slopes. 

Though  lava  very  commonly  issues  from  the  lateml  fisaures  on  u 
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volcanic  cone,  it  may  sometimeB  approach  the  sarface  in  them  witli- 
out  actually  flowing  out.  Tho  great  fissure  on  Etna  in  1669,  for 
example,  was  Tisible  even  from  a  distance,  by  the  long  line  of  vi-vid 
light  which  rose  &om  the  incandosccnt  lava  within.  Again,  it 
freqaently  happens  that  minor  volcanic  cones  arc  thrown  up  on  the 
line  of  a  fiBBure,  either  from  the  congelation  of  the  lava  round  the 
point  of  emission,  or  from  the  accumulation  of  ejected  scoria  round 
the  fiasnre-vent, 

XzploBionB. — Apart  from  tho  appearance  of  viHililo  fiBsures,  volcanic 
energy  may  be,  aa  it  were,  concentrated  on  a  given  point,  which  will 
UBuaUy  be  the  weakest  in  the  structure  of  that  part  of  the  terrestrial 
crnst,  and  from  which  tho  solid  rock,  shattered  into  pieces,  is  hnrlctl 
into  the  air,  followed  hy  the  ascent  of  volcanic  materials.  This  operation 
has  often  been  observed  in  volcanoes  already  formed,  and  has  even  been 
witnessed  on  ground  previonsly  unoccupied  by  a  volcanic  vent.     The 


history  of  tho  cone  of  Vesuvius  brings  before  ns  a  long  series  of  such 
eiplodions,  l>eginningwiththatof  a.t>.  7i>,  and  coming  down  to  the  present 
day.  Even  now,  in  spit*  of  all  tho  lava  and  ashos  ponred  nnt  dnring  the 
last  eighteen  centuries,  it  is  easy  to  see  liow  stupendous  must  have  been 
that  earliest  explosion,  by  which  the  southern  half  of  tho  ancient  crater 
VBB  blown  out.  At  every  successive  important  eruption,  a  similar  but 
minor  operation  takes  place  within  the  present  cone.  Tho  hardened 
fake  of  lava  forming  the  floor  is  burst  open,  and  with  it  there  usually 
4inappeara  much  of  the  upper  part  of  tho  cone,  and  sometimes,  as  in  1872, 
■*  lai^e  segment  of  the  crater-wall.  Tho  Vallo  del  Hovo  on  the  eastern 
Bank  of  Etna  is  a  chasm  probably  duo  mainly  to  some  gigantic  pre- 
historic explosion.'  The  islands  of  Santorin  (Figs,  ilfi  and  6ft)  bring 
Iwfiire  tis  evidence  of  a  pre-historic  catafitrni>ho  of  a  similar  nature,  by 
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which  a  largo  volcanic  cono  was  blown  up.  The  existing  outer  islands 
are  a  chain  of  fragments  of  the  periphery  of  the  cone,  the  centre  of  which 
is  now  occupied  hy  the  sea.  In  the  year  1538  a  new  volcano,  Monte 
Nuovo,  was  formed  in  24  hours  on  the  margin  of  the  Bay  of  Naples. 
An  opening  was  drilled  by  successive  explosions,  and  such  quantities  of 
stones,  scorisd,  and  ashes  were  thrown  out  from  it  as  to  form  a  hill  that 
rose  440  English  feet  above  the  sea-level,  and  was  more  than  a  mile  and 
a  half  in  circumference.  Most  of  the  fragments  now  to  be  seen  on  the 
slopes  of  this  cone  and  inside  its  IxjautifuUy  perfect  crater  are  of 
various  volcanic  rocks,  many  of  thom  being  black  scorisd ;  but  pieces  of 
Roman  pottery,  together  with  fragments  of  the  older  underlying  tuff, 
and  some  marine  shells,  have  been  obtained — doubtless  part  of  the  soil 
and  subsoil  dislocated  and  ejected  during  the  explosions. 

One  of  the  most  stupendous  volcanic  explosions  on  record  was  that 
of  Krakatau  in  the  Sunda  Strait  on  the  26th  and  27th  of  August,  1883.* 
After  a  series  of  convulsions,  the  greater  portion  of  the  island  was  blown 
out  with  a  terrific  detonation  which  was  felt  over  an  area  fully  3000 
miles  in  diameter.  On  the  site  of  the  volcano  there  now  lies  an  abyss 
of  ocean  water,  fathomless  with  a  sounding  line  of  1000  feet.  A  mass 
of  matter,  probably  some  cubic  miles  in  bulk,  was  hurled  into  the  air 
ill  the  form  of  lapilli,  ashes,  and  the  finest  volcanic  dust.  The  effects 
of  this  volcanic  outburst  were  marked  both  upon  the  atmosphere  and 
the  ocean.  A  series  of  barometrical  disturbances  passed  round  the  globe 
in  opposite  directions  from  the  volcano  at  the  rate  of  about  700  miles 
an  hour.  The  air-wave,  travelling  from  east  to  west,  is  supposed  to  have 
passed  three  and  a  quarter  times  round  the  earth  (or  82,200  miles) 
l)efore  it  ceased  to  be  perceptible.^  The  sea  in  the  neighbourhood  was 
thrown  into  waves,  one  of  which  was  computed  to  have  risen  100  feet 
above  tide-level,  and  to  have  destroyed  towns,  villages  and  vast  numbers 
of  people.  Oscillations  of  the  water  wore  perceptible  even  at  Aden, 
1000  miles  distant,  at  Port  Elizabeth  in  South  Africa,  6450  miles, 
and  among  the  islands  of  the  Pacific  Ocean,  and  they  are  computed  to 
have  travelled  with  a  maximum  velocity  of  407  statute  miles  in  the 
hour.'* 

It  is  not  necessary,  and  it  does  not  always  happen,  that  any  actual 
solid  or  liquid  volcanic  rock  is  erupted  by  explosions  that  shatter  the 
rocks  through  which  the  funnel  passes.  Thus,  among  the  cones  of  the 
extinct  volcanic  tract  of  the  Eifel,  some  occur  consisting  entirely,  or 
nearly  so,  of  comminuted  debris  of  the  surrounding  Devonian  grey  wacke 
and  slate  through  which  the  various  volcanic  vents  have  been  opened 
(see  pp.  187,  227,  236).  Evidently,  in  such  cases,  only  elastic  vapours 
forced  their  way  to  the  surface ;  and  we  see  what  probably  often  takes  place 
in  the  early  stages  of  a  volcano's  history,  though  the  fragments  of  the 

*  H.  O.  Forbes,  Proc.  ItouaX  Geog.  Soc,  March,  1884. 

'  Scott  and  Strachey,  Proc.  Hoy.  Soc.  xxxvi.  (1883).  Rykatohew,  Melanges^  Bull 
Arnd.  8t.  Petershourg,  xii.  (1884),  p.  167. 

'  Major  A.  W.  Baird,  op.  cit.  p.  250.  A  Committee  of  tlie  Boynl  Society  Iiab  been 
appointed  to  investigate  the  phenomena  of  this  great  explosion. 
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nnderlying  disrupted  rocks  are  in  most  instances  huviod  and  lost  under 
the  far  more  abundant  subsequent  volcanic  materials.  Sections  of  small 
ancient  Tolcanic  "necks"  or  pipes  sometimes  afford  an  excellent 
opportunity  of  observing  that  these  orifices  were  originally  opened  by 
the  blowing  out  of  the  solid  crust  and  not  by  the  formation  of  fissures. 
Examples  will  be  cited  in  later  pages  from  Scottish  volcanic  areas  of 
Old  Bed  Sandstone,  Carboniferous,  and  Permian  age.  The  orifices  are 
there  filled  with  fragmentary  materials,  wherein  portions  of  tho 
BorroTinding  and  underlying  rocks  form  a  noticeable  proportion.^ 

Bhowen  of  Dust  and  Stones. — ^A  communication  having  been 
opened,  either  by  fissuring  or  explosion,  between  the  heated  interior  and 
the  surface,  fragmentary  materials  are  commonly  ejected  from  it, 
consisting  at  first  mainly  of  the  rocks  through  which  the  orifice  has 
been  opened,  afterwards  of  volcanic  substances.  In  a  great  eruption, 
vast  nnmbers  of  red-hot  stones  are  shot  up  into  the  air,  and  fall  back 
partly  into  the  crater  and  partly  on  the  outer  slopes  of  the  cone. 
According  to  Sir  W.  Hamilton,  cinders  were  thrown  by  Vesuvius, 
dnring  the  eruption  of  1779,  to  a  height  of  10,000  feet.  Instances  are 
known  where  large  stones,  ejected  obliquely,  have  described  huge 
parabolic  curves  in  the  air,  and  fallen  at  a  great  distance.    Stones 

8  lb.  in  weight  occur  among  the  ashes  which  buried  Pompeii.  The 
Tolcano  of  Antuco  in  Chili  is  said  to  send  stones  flying  to  a  distance 
of  36  (?)  miles,  and  Cotopaxi  is  reported  to  have  hurled  a  200-ton  block 

9  miles.* 

But  in  many  groat  eruptions,  besides  a  constant  shower  of  stones 
and  scoriaB,  a  vast  column  of  exceedingly  fine  dust  rises  out  of  the 
crater,  sometimes  to  a  height  of  more  than  a  mile,  and  then  spreads 
outwards  like  a  sheet  of  cloud.      So  dense  is  this  dust-cloud  as  to 
obscure  the  sun,  and  for  days  together  the  darkness  of  night  may  reign 
for  miles  around  the  volcano.     In  1822,  at  Vesuvius,  the  ashes  not 
Only  fell  thickly  on  the  viDages  round  the  base  of  the  mountain,  but 
travelled   as   far  as  Asooli,   which  is   56   Italian  miles  distant   from 
the  volcano  on  one  side,  and  as  Casano,   105  miles  on  the  other.     Tho 
oruption  of  Cotopaxi,  on    Juno   26th,  1877,  began    by   an   explosion 
that    sent  up  a  column    of  fine  ashes  to  a  prodigious   height   into 
the  air,  where  it  rapidly  spread  out  and  formed  so  dense  a  canopy 
CIS  to  throw  the  region  below  it  into  total  darkness.     So  quickly  did  it 
diffuse  itself,  that  in  an  hour  and  a  half,  a  previously  bright  morning 
l)eeame  at  Quito,  33  miles  distant,  a  dim  twilight,  which  in  the  after- 
noon passed  into  such  darkness  that  the  hand  placed  before  tho  eye 
could  not  be  seen.     At  Guayaquil,  on  the  coast,  150  miles  distant,  tho 
shower  of  ashes  continued  till  the  first  of  July.     Dr.  Wolf  collected  the 
ashes  daily,  and  estimated  that  at  that  place  there  fell  315  kilogrammes 
on  every  square  kilometre  during  the  first  thirty  hours,  and  on  tho 
30th  of  June,  209  kilogrammes  in  twelve  hours.'^     The  explosion  of 

*  Tram.  Boy,  Soc,  Edin.  xxix.  p.  458.  '  D.  Forbes,  Gnol.  Mag,  vii.  p.  320. 

»  Neu€8  Jahrb,  1878,  p.  141. 
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Krakatan  in  August  1883  was  accompanied  by  the  discharge  of  enormous 
quantities  of  volcanic  dust,  some  of  which  was  carried  to  vast  distances. 
The  diflfusion  and  continued  suspension  of  the  finer  dust  in  the  upper 
air  has  l)een  regarded  as  the  probable  cause  of  the  remarkably  brilliant 
sunsets  of  the  following  winter  and  spring  over  a  large  part  of  the  earth's 
surface.  One  of  the  most  stupendous  outpourings  of  volcanic  ashes  on 
record  took  place,  after  a  quiescence  of  26  years,  from  the  volcano  Cose- 
guina,  in  Nicaragua,  during  the  early  part  of  the  year  1835.  On  that 
occasion,  utter  darkness  prevailed  over  a  circle  of  35  miles  radius, 
the  ashes  falling  so  thickly  that,  even  8  leagues  from  the  mountain^ 
thoy  covered  the  ground  to  a  depth  of  about  10  feet.  It  was  estimated 
that  the  rain  of  dust  and  sand  fell  over  an  area  at  least  270  geographical 
miles  in  diameter.  Some  of  the  finer  materials,  thrown  so  high  as  to 
come  within  the  influence  of  an  upper  air-current,  were  borne  away 
eastward,  and  fell,  four  days  afterwards,  at  Kingston,  in  Jamaica — a 
distance  of  700  miles.  During  the  great  eruption  of  Sumbawa,  in 
1815,  the  dust  and  stones  fell  over  an  area  of  nearly  one  million  of 
square  miles,  and  were  estimated  by  2iOllinger  to  amount  to  fully  fifty 
cubic  miles  of  material,  and  by  Junghuhn  to  be  equal  to  one  hundred 
and  eighty-five  mountains  like  Vesuvius. 

An  inquiry  into  the  origin  of  these  showers  of  fragmentary 
materials  brings  vividly  before  us  some  of  the  essential  features  of 
volcanic  action.  We  find  that  bombs,  slags,  and  lapilli  may  be  thrown 
up  in  comparatively  tranquil  states  of  a  volcano,  but  that  the  showers 
of  fine  dust  are  discharged  with  violence,  and  only  appear  when  the 
volcano  becomes  more  energetic.  Thus,  at  the  constantly,  but  quietly, 
active  volcano  of  Stromboli,  the  column  of  lava  in  the  pipe  may  be 
watched  rising  and  falling  with  a  slow  rhythmical  movement.  At 
every  rise,  the  surface  of  the  lava  swells  up  into  blisters  several  feet  in- 
diameter,  which  by-and-by  burst  with  a  sharp  explosion  that  makes  the 
walls  of  the  crater  vibrate.  A  cloud  of  steam  rushes  out,  carrying  with 
it  hundreds  of  fragments  of  the  glowing  lava,  sometimes  to  a  height  of 
1200  feet.  It  is  by  the  ascent  of  steam  through  its  mass,  that  a 
c^:^lumn  of  lava  is  kept  boiling  at  the  bottom  of  the  crater,  and  by  the 
explosion  of  successive  larger  bubbles  of  steam,  that  the  various  bombs, 
slags,  and  fragments  of  lava  are  torn  ofiF  and  tossed  into  the  air.  It  has 
often  been  noticed  at  Vesuvius  that  eiwjh  great  concussion  is  accompanied 
by  a  huge  ball-like  cloud  of  steam  which  rushes  up  from  the  crater. 
Doubtless  it  is  the  sudden  escape  of  that  steam  which  causes  the 
explosion. 

The  varying  degree  of  liquidity  or  viscosity  of  the  lava  probably 
modifies  the  force  of  explosions,  owing  to  the  different  amounts  of 
resistance  ofiFered  to  the  upward  passage  of  the  absorbed  gases  and 
vapours.  Thus  explosions  and  accompanying  scoria;  are  abundant  at 
Vesuvius,  where  the  lavas  are  comparatively  viscid;  they  are  almost 
unknown  at  Kilauea,  where  the  lava  is  remarkably  liquid. 

In  tranquil  conditions  of  a  volcano,  the  steam,  whether  oollecting 
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into  larger  or  smaller  vesicles,  works  its  way  upward  througli  the 
Bubotaaoe  of  the  molten  lava,  and  as  the  elasticity  of  this  compressed 
vapour  overcomes  the  pressure  of  the  overlying  lava,  it  escapes  at  the 
Borfaoe,  and  there  the  lava  is  thus  kept  in  ebullition.  But  this  com- 
X>aratively  qniet  operation,  which  may  be  watched  within  the  craters  of 
many  active  volcanoes,  does  not  produce  clouds  of  fine  dust.  The 
collision  or  friction  of  millions  of  stones  ascending  and  descending  in  the 
dark  oolmnn  above  the  crater,  though  it  must  doubtless  cause  much 
dust  and  sand,  can  give  rise  to  but  an  insignificant  proportion  of  what 
is  aotnally  reduced  to  the  condition  of  extreme  subdivision  necessary  to 
prodnoe  widespread  darkness  and  a  thick  far-reaching  deposit  of  ashes. 
The  explanation  now  accepted  calls  in  the  explosive  action  of  steam  as 
the  immediate  cause  of  the  trituration.  The  aqueous  vapour,  by  which 
many  lavas  are  so  largely  impregnated,  must  exist  interstitially  far 
down  in  the  lava-column,  under  an  enormous  pressure,  at  a  temperature 
fSstr  above  its  critical  point,  even  at  a  white  heat,  and  therefore  probably 
in  a  state  of  dissociation.  The  sudden  ascent  of  lava  so  constituted  will 
relieve  the  pressure  rapidly  without  sensibly  affecting  the  temperature 
of  the  mass.  Consequently,  the  white-hot  gases  or  vapours  will  at 
length  explode,  and  reduce  the  molten  mass  to  the  finest  powder,  like 
water  shot  out  of  a  gun. 

Evidently  no  part  of  the  operations  of  a  volcano  has  greater 
geological  significance  than  the  ejection  of  such  enormous  quantities 
of  fragmentary  matter.  In  the  first  place,  the  fall  of  these  loose 
materials  round  the  orifice  of  discharge  is  one  main  cause  of  the  growth 
of  the  volcanic  cone.  The  heavier  fragmionts  gather  around  the  vent, 
and  there  too  the  thickest  accumulation  of  finer  dust  takes  place. 
Hence,  though  successive  explosions  may  blow  out  the  upper  part  of 
the  crater-walls  and  prevent  the  mountain  from  growing  so  rapidly  in 
height,  every  eruption  must  increase  the  diameter  of  the  cone.  In  tho 
second  place,  as  every  shower  of  dust  and  sand  adds  to  the  height  of  tho 
ground  on  which  it  falls,  thick  volcanic  accumulations  may  bo  formed 
far  beyond  the  base  of  the  mountain.  The  volcano  of  Sangay,  in  Ecuador, 
for  instance,  has  buried  tho  country  around  it  to  a  depth  of  4000  feot  under 
its  ashes.^  In  such  loose  deposits  are  entombed  trees  and  other  kinds  of 
vegetation,  together  with  the  bodies  of  animals,  as  well  as  the  works  of 
man.  In  some  cases,  where  the  layer  of  volcanic  dust  is  thin,  it  may 
merely  add  to  the  height  of  the  soil,  without  sensibly  interfering  with 
the  vegetation.  But  it  has  been  observed  at  Santorin  that  though  this  is 
true  in  dry  weather,  the  fall  of  rain  with  the  dust  at  once  acts  detri- 
mentally. On  the  3rd  of  June,  1866,  the  vinos  were  there  withered 
up,  as  if  they  had  been  burnt,  along  the  track  of  tho  smoke  cloud.^  By 
the  gradual  accumulation  of  volcanic  ashes,  new  geological  formations 
arise  which,  in  their  component  materials,  not  only  bear  witness  to  the 
volcanic  eruptions  which  produced  them,  but  preserve  a  record  of  tho 

»  D.  Forbes,  Geol  Mag,  vii.  820.  -  Fonqiie,  *  Santorin,*  p.  81. 
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land-surfaces  over  which  they  spread.  In  the  third  place,  besides  the 
distance  to  which  the  fragments  may  be  hurled  by  volcanic  explosions, 
or  to  which  they  may  be  dififused  by  the  ordinary  aerial  movements,  we 
have  to  take  into  account  the  vast  spaces  across  which  the  finer  dust 
is  sometimes  borne  by  upper  air-currents.  In  the  instance  already  cited, 
ashes  from  Coseguina  fell  700  miles  away,  having  been  carried  all  that 
long  distance  by  a  high  counter-current  of  air,  moving  apparently  at 
the  rate  of  about  7  miles  an  hour  in  an  opposite  direction  to  that  of 
the  wind  which  blow  at  the  surface.  By  the  Sumbawa  eruption,  al«:» 
referred  to  above,  the  sea  west  of  Sumatra  was  covered  with  a  layer  of 
ashes  two  feet  thick.  On  several  occasions  ashes  ra>m  the  Icelandic 
volcanoes  have  fallen  so  thickly  between  the  Orkney  and  Shetland 
Islands,  that  vessels  passing  there  have  had  the  unwonted  deposit 
shovelled  off  their  decks  in  the  morning.  In  the  year  1783,  during  the 
memorable  eruption  of  Skaptar- Jokull,  so  vast  an  amount  of  fine  dust 
was  ejected  that  the  atmosphere  over  Iceland  continued  loaded  with  it 
for  months  afterwards.  It  fell  in  such  quantity  over  parts  of  CaitlinesB 
— a  distance  of  600  miles— as  to  destroy  the  crops ;  that  year  is  still 
spoken  of  by  the  inhabitants  as  the  year  of  '*  the  ashie."  Traces  of  the 
same  deposit  have  been  observed  in  Norway,  and  even  as  far  as  HoUaiid.^ 
Hence  it  is  evident  that  volcanic  accumulations  may  take  place  in 
regions  many  hundreds  of  miles  distant  from  any  active  voloano.  A 
single  thin  layer  of  volcanic  detritus  in  a  group  of  sedimentaiy  atrata 
would  thus  not  of  itself  prove  the  existence  of  contemporftneouB  voloanic 
action  in  its  neighbourhood.  Unsupported  by  other  proof  of  adjaoent 
volcanic  activity,  it  might  be  held  to  have  been  wind-borne  from  a 
volcano  in  a  distant  region. 

Lava-streams. — At  its  exit  from  the  side  of  a  volcano,  lava 
glows  with  a  white  heat,  and  flows  with  a  motion  which  has  been 
compared  to  that  of  honey  or  of  melted  iron.  It  soon  becomes  red,  and 
like  a  coal  fallen  from  a  hot  fireplace,  rapidly  grows  dull  as  it  moves 
along,  until  it  assumes  a  black,  cindery  aspect.  At  the  same  time  the 
surface  congeals,  and  soon  becomes  solid  enough  to  support  a  hca^y 
block  of  stone.  The  aspect  of  the  stream  varies  with  the  composition 
and  fluidity  of  the  lava,  form  of  the  ground,  angle  of  slope,  and  rapidity 
of  flow.  Viscous  lavas,  like  those  of  Vesuvius,  break  up  along  the  surface 
into  rough  brown  or  black  cinder-like  slags,  and  irregular  ragged  cakes, 
which,  with  the  onward  motion,  grind  and  grate  against  each  other 
with  a  harsli  metallic  sound,  sometimes  rising  into  rugged  mounds  or 
becoming  seamed  with  rents  and  gashes,  at  the  bottom  of  which  the 
red-hot  glowing  lava  may  be  seen  (Fig.  39).  In  lavas  possessing 
somewhat  greater  fluidity,  the  surface  presents  froth-like,  curving  lines, 
as  in  the  scum  of  a  slowly  flowing  river,  or  is  arranged  in  curious 
ropy  folds,  as  the  layers  have  successively  flowed  over  each  other 
and   c(nigealed.     These,  and  many  other  fantastic  coiled  shapes  were 

'  N«n(leu8ki«"iUl,  Geol  Mag.  2d  dec.  iii.  p.  292.     G.  vom  Rath,  Munatslmr,  K.  ri-eu^. 
J  An//.  HVkx.  1870,  p.  282.  AVm^«  Jahrb.  1876,  p.  52. 
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exhibited  by  the  Vesuvian  hiva  of  1858.'  Boaalts  posBesaing  extreme 
liquidity  have  flowed  for  great  distances  with  singnlarly  smooth  Burfaces, 
A  hkTge  area  whioh  has  been  flooded  with  lava  is  perhaps  the  moat  hideous 
and  appalling  soene  of  desolation  anywhere  to  be  found  on  tho  snrface 
of  the  globe. 

A  lava-stream  nsually  spreads  ont  as  it  doBconds  from  its  point 
of  eeoape,  and  moves  more  slowly.  Its  sides  look  like  huge  embankments, 
or  like  some  of  the  long  mounds  of  "  clinkeTs  "  in  a  great  mannfacturing 
district.  The  advancing  end  is  often  much  steeper,  creeping  ouwanl 
like  a  great  wall  q^  rampatt,  down  the  &oe  of  whioh  the  rough  blocks 
of  hardened  lava  ate  ever  rattling  (Fig.  40). 

Outflow  of  Lava. — This  appears  to  be  immediately  duo  to  tho 


wpannion  of  the  absorbed  vapours  and  gaaea  in  the  molten  rock. 
Thongh  these  vapours  may  reach  the  surface,  and  oven  produce 
ttemenilous  eiploeioua,  without  an  actual  outcomo  of  lava,  yet  so 
inlimattly  are  vapours  and  lava  commingled  in  the  subterranean 
twenroirs,  that  thoy  commonly  rise  together,  and  tho  explosions  of 
tb*  one  lead  to  the  outflow  of  the  other.  The  first  point  at  which 
thu  lava  makes  its  appearance  at  tho  surface  will  largely  depend 
ipon  tho  structure  of  the  ground.  Two  cauBeu  have  been  assigned 
''u  a  foregoing  page  (p.  195)  for  the  fisBuring  of  a  volcanic  cone.  As 
'lie  molten  mass  rises  within  the  chimney  of  the  volcano,  continued 

'  Pot  deteriptioD*  of  VosnTiaii  lava-Btteams,  see  Bchmidt'a  '  EmpUon  ile»  Vcmiv, 
"I,  Mai  IW5,'  nnd  Mtratlli's  '  Vulcani,  Ac."  p,  51.  For  tiioso  of  Ehm,  Sartoriiw  voii 
WilirmLaiuon  and  A.  tou  Ias^uIx,  '  Dor  Aetiiu,'  ii.  p.  !190. 
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'rzplfMfU'iRH  'li  -wnz  -;>ic6  puce  liinm  iis  ^ipp^  mr&ce.  The  violence 
''f  thiMe  mav  r.*r  im>rr^  ^m  toe  v^a  i:]ij-aAa  of  nwm,  aahefl  and  stones 
iiaried  Eo  ifi  'ifiM  ri  ii^iicht  into  uie  iir,  md  fimi  the  coDooiBionB  of  tite 
^rrrmnd  which  may  be  feit  ac  'linuiGes  ■•f  mure  tbui  100  milefl  from  the 
vnXtxais.  It  n'^I  d'ji  be  %  maner  r't' aozpnae.  thereforei,  that  the  side§  of 
n  i^Tcatvenr.  ■:ipo«e*i  toabockaot'snch  insensitT,  should  at  last  gireiray, 
iind  that  larp:  'Uv^nreDi  diBares  soonld  be  opened  down  the  oooe. 
Again,  the  iiv'Irbsta tic  [>r>:aBiiiv  of  thecolanm  of  laTaniiwt,at  a  depth  of 
I'XMt  ffKt  below  thr;  top  <>f  ihe  column,  exert  a  pFeesiire  of  between  70 
and  !^0  tons  on  >.-ticit  i<<inaie  toot  <jf  the  smroonding  walLs.  We  may 
well  Ijelieve  that  inch  a  fon.'e.  acting  npon  the  walls  of  a  fannel  alieadf 
nhutteretl  \tj  a  suc(.-eHirion  of  terrific  expIosionB,  will  be  apt  to  prove  too 
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jrwat  f.-r  their  resistanix'.  ^^^)en  this  happenis  the  lava  ponrs  forth 
fr«i  ih*  ontside  of  the  wne.  On  a  mnch  fistmred  cone,  lava  may  ifisno 
fnrly  fr\-.m  niauv  iviuts.  <<*>  that  a  voli-ano  w  affected  haB  been 
£rkF<hicalIy  described  as  '■  sweatini:  firv." 

In  a  l.'fty  Tvktino.  lava  nocasionidlr  rise*  to  the  lip  of  the  crater 
«nd  d<™:s  •■at  thtre;  but  more  freyjaently  it  eMviies  from  some  fiasore 
'T  'irifiv-e  in  a  weak  ran  of  (be  >vi-.<'.  hi  minor  volcanoes,  on  the  otlier 
•■lAud,  wE^rv  tiie  tiplvieior.s  ar*'  K-ss  violent,  aud  where  the  tliickness  of  the 
wut  iti  pp .(»irtio[i  to  the  di^ttifter  of  the  fmiuol  is  often  greater,  the 
l.*vi»  vvrv  wnim^'nly  n«>tf  into  the  or*ttr.  :>h«uld  the  crater-wallti  1* 
<*>*/  wvikk  tu  Twist  the  prvwiire  I'f  the  moltieu  uuu«.  they  give  way,  and 
'.>iv  hiv.»  i-Wtiwv  ottt  irvm  th>  brwch.  'Vliii*  is  seen  to  have  happened 
!.  ■M.-kvrW  ;f  »hw  j.'itv*  of  AnvtT^tw.  SI'  well  fi<tire<l  and  deficribed  by 
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Scrope  (Fig-  41).*  Bnt  if  the  crater  bo  masBive  enough  to  withstand  tho 
pnosure,  the  lava,  if  still  impelled  upward  by  the  struggling  vapour, 
will  at  last  flow  out  from  the  lowest  part  of  the  rim. 

In  a  tall  column  of  molten  lava,  there  may  be  a  variation  in  the 
density  of  its  different  parts,  the  heaviest  naturally  gravitating  to  the 
bottom.  It  has  been  observed  by  Ch,  V^laiu  thut  at  the  Isle  of  Bourbon 
(B^nnion),  the  lavaseBcapingfrom  tbobaseof  the  volcanie  cone  are  denser 
and  more  basic  than  those  which  flow  out  from  the  Up  of  the  crater.^ 

Ab  soon  as  tho  molten  rook  roachee  tho  surface,  the  suporhoatcd 
water  or  steam,  imprisoned  within  its  mass,  escapes  copiously,  and  bange 
u  B  dense  white  cloud  over  the  moving  current.  The  lava  stroania 
of  VeouviuB  HOuietimeB  appear  with  as  dense  a  steam-cloud  at  their 
lower  cuds  as  that  which  escapes  at  the  same  time  from  the  main 
oater.  Even  after  the  molten  mass  has  flowed  several  miles,  steam 
omtinnee  to  riso  abundantly  both  from  its  end  and  from  i 


.Vkit  of  OIK  «f  tbe  Tuff- 


I'liuU  along  its  surface,  and  continues  to  do  so  for  laany  weeks,  muuths, 
w  it  may  be  for  several  years. 

Should  the  point  of  escape  of  a  lava-stream  lie  well  down  on  tho 
«mi',  far  below  the  summit  of  the  lava-column  iu  the  funnel,  the  molten 
Kick,  on  its  first  escape,  driven  l>y  hydrostatic  pressure,  will  sometimes 
"l-oiit  up  high  into  the  air— a  fountain  of  molten  rouk.  This  was 
oWn-od  in  1704  on  Vesuvius,  and  in  1832  on  Etmi.  In  the  eruption  of 
^^'i2  at  Maiina  Loa,  an  unbroken  fountain  of  lava,  from  20l>  to  700  feet 
in  lieij^ht  and  1000  feet  broiid,  burst  out  at  the  base  of  the  cone, 
'■iimilar  "  geysers "  of  molten  rock  have  subsequently  been  noticed  in 
iWiMuie  region.  Thus  in  March  and  April  1868,  four  fiery  fountains, 
ilirowiug  lava  to  heights  vnrj-ing  from  r)00  to  1000  feet,  continued  to 
iJay  for  several  weeks.     According  to  Mr,  C'oan,  such  outbursts  take 

'  Fur  (ie»criiJtioiLS  of  tliin  n'gioii.  bli;  Sutojit'i)  '(itijlncy  iind  Kititict  Vnlcaiioca 
«  (a-oIihI  FmiHt,'  2iid.  edit.  1HS8.     H.  LLiaxfs  '  EptMjuea  gtolut-iquos  <tc  I'Auvurgtuj,' 

'  'tts  Volcanit,'  p.  30.     For  lefureuoeu  mlatiug  tu  thU  blaod,  see  p.  22G. 
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place  from  tho  bottom  of  a  column  of  lava  3000  feet  high.  The  ▼oleano 
of  Mauna  Loa  strikingly  illustrates  another  feature  of  volcanic  dynamics 
in  t]ie  position  and  outflow  of  lava.  It  bears  upon  its  flanks  at  a 
distance  of  20  miles,  but  10,000  feet  lower,  the  huge  crater  Eilauea. 
As  Dana  has  pointed  out,  these  orifices  form  part  of  one  mountain,  yet 
the  column  of  lava  stands  10,000  feet  higher  in  one  conduit  than  in  tho 
other.  On  a  far  smaller  scale  the  same  independence  occurs  among  the 
several  pipes  of  some  of  the  geysers  in  the  Yellowstone  region  of  North 
America. 

From  the  wide  extent  of  basalt-dykes,  such  as  those  of  Tertiary  age  in 
Britain,  which  rise  to  the  surface  at  a  distance  of  200  miles  from  the  main 
remnants  of  tho  volcanic  outbursts  of  their  time,  and  are  found  over  an 
area  of  perhaps  100,000  square  miles,  it  is  evident  that  molten  lava  may 
sometimes  occupy  a  far  greater  space  within  the  crust  than  might  be 
inferred  from  the  dimensions  and  outpourings  even  of  the  largest  volcanic 
cone.  There  can  be  no  doubt  that  vast  reservoirs  of  melted  rock,  impreg- 
nated with  superheated  vapours,  must  formerly  have  existed,  if  they  do 
not  exist  still,  beneath  extensive  tracts  of  country  (p.  239).  Yet  even  in 
these  more  stupendous  manifestations  of  volcanism,  the  lava  should  be 
regarded  rather  as  the  sign  than  as  the  cause  of  volcanic  action.  It  is 
the  pressure  of  the  imprisoned  vapour,  and  its  struggles  to  get  free, 
which  produce  the  subterranean  earthquakes,  explosions,  and  out- 
pouring of  lava.  As  soon  as  the  vapour  finds  relief,  the  terrestrial 
commotion  calms  down  again,  until  another  accumulation  of  vapour 
demands  a  repetition  of  the  same  phenomena. 

Rate  of  flow  of  Lav  a. — The  rate  of  movement  is  regulated  by 
the  fluidity  of  the  lava,  by  its  volume,  and  by  the  form  and  inclination 
of  the  ground.  Hence,  as  a  rule,  a  lava-stream  moves  faster  at  first 
than  afterwards,  because  it  has  not  had  time  to  stiffen,  and  its  slope  of 
descent  is  usually  steeper  than  further  down  the  mountain.  One  of  the 
most  fluid  and  swiftly  flowing  lava-streams  ever  observed  on  Yesayius 
was  that  erupted  on  12th  August,  1805.  It  is  said  to  have  rushed 
down  a  space  of  3  Italian  (3^  English)  miles  in  the  first  four  minutes, 
but  to  have  widened  out  and  moved  more  slowly  as  it  descended,  yet 
finally  to  have  reached  Torre  del  Greco  in  throe  hours.  A  lava  erupted 
by  Mauna  Loa  in  1852  went  as  fast  as  an  ordinary  stage-coach,  or  fij^een 
miles  in  two  houra.  Long  after  a  current  has  been  deeply  crusted  over 
with  slags  and  rough  slabs  of  lava,  it  continues  to  creep  slowly  forward 
for  weeks  or  even  months. 

It  happens  sometimes  that,  as  the  lava  moves  along,  the  still  molten 
mass  inside  bursts  through  the  outer  hardened  and  deeply  seamed  crust, 
and  rushes  out  with,  at  first,  a  motion  much  more  rapid  than  that  of  the 
main  stream.  Any  sudden  change  in  the  form  or  slope  of  the  ground 
affects  the  flow  of  the  lava.  Thus,  reaching  the  edge  of  a  steep  defile 
or  difif,  the  molten  rock  pours  over  in  a  cataract  of  glowing,  molten  rock, 
with  clouds  of  steam,  showers  of  fragments,  and  a  noise  utterly 
indescribable.     Or  on  the  other  hand,  encountering  a  ridge  or  hill  across 


Sect.  L  §  2.]  LAVA-STREAMS.  207 

its  path,  it  accumulates  until  it  either  finds  egress  round  the  side  or 
actually  overrides  and  entombs  the  obstacle.  The  hardened  cmst  or  shell, 
within  which  the  still  fluid  lava  moves,  serves  to  keep  the  mass  from 
spreading.  Here  and  there,  inside  this  crust,  the  lava  subsides,  leaving 
cavernous  spaces  and  tunnels  into  which,  when  the  whole  is  cold,  one 
may  creep,  and  which  are  sometimes  festooned  with  stalactites  of  lava. 

Size  of  Lava-stream s. — In  some  cases,  lava  escaping  from 
craters  or  fissures  comes  to  rest  before  reaching  the  base  of  the  slopes, 
like  the  obsidian  current  which  has  congealed  on  the  side  of  the  little 
volcanic  island  of  Volcano,^  In  other  instances,  the  molten  rock  not 
only  reaches  the  plains  but  flows  for  many  miles  away  from  the  point 
of  eruption.  Sartorius  von  Waltershausen  computed  the  lava  emitted  by 
Etna  in  1865  at  92  millions  of  cubic  metres,  that  of  1852  at  420  millions, 
that  of  1669  at  980  millions,  and  that  of  a  pre-historic  lava-stream 
near  Bandazzo  at  more  than  1000  millions.^  The  most  stupendous 
outpouring  of  lava  on  record  was  that  which  took  place  from  Skaptar- 
JclkuU  in  Iceland  in  the  year  1783.  Successive  streams  issued  from 
the  volcano,  flooding  the  country  far  and  wide,  filling  up  river-gorges 
which  were  sometimes  600  feet  deep  and  200  feet  broad,  and  advancing 
into  the  alluvial  plains  in  lakes  of  molten  rock  12  to  15  miles  wide  and 
100  feet  deep.  Two  currents  of  lava  which  flowed  in  nearly  opposite 
directions  extended  for  45  and  50  miles  respectively,  their  usual  tliick- 
nefls  being  100  feet.  Bischof  estimated  that  the  total  amount  of  lava 
poured  forth  during  this  single  eruption  "  surpassed  in  magnitude  the 
bulk  of  Mont  Blanc."  3 

Varying   liquidity   of  Lava. — All  lava,  at  the  time  of  its 
expulsion,  is  in  a  molten  condition,  that  is,  consists  of  a  glassy  magma  in 
which,  by  reason  of  the  high  temperature,  most  or  all  of  the  mineral 
constituents  exist  dissolved.     Considerable  differences,  however,  have 
been  observed  in  the  degree  of  liquidity.      Humboldt  and  Scropo  long 
ago  called   attention  to  the  thick,  short  lumpy  forms  presented   by 
masses  of  solidified  trachytic  rocks,  which  are  lighter  and  more  siliceous, 
and  to  the  thin,  widely  extended  sheets  assumed  by  basalts,  which  are 
heavy  and  contain  much  iron  and  basic  silicates.*     It  may  be  inferred 
that,  as  a  rule,  the  basalts  or  basic  lavas  have  been  more  liquid  than 
the  trachytes  or  siliceous  lavas.      The   cause   of  this   difference  has 
been  variously  explained.    It  may  depend  partly  upon  chemical  com- 
pucition,  the  siliceous  being  naturally  less  fusible  than  the  basic  rocks. 
But  as  great  differences  of  fluidity  are  observable  even  among  lavas 
having  nearly   the   same  composition,  there  would  seem  to  be  some 
farther  cause  for  the  diversity.     Reyer  has  ingeniously  maintained  that 
we  must  look  to  original  differences  in  the  extent  to  which  the  sub- 
terranean igneous  magma  that  supplied   the   lava  has  been  saturated 

^  Bfeoent  eraptionB  in  this  island  have  conBisied  entirely  of  ashes.    A.  Baltzer,  Zeitsch . 
0nte&.  GeoL  Ge$.  xxvi.  (1875)  p.  36. 

« 'Da  Aetna,'  ii.  393.  »  Lyell,  •  Principles,'  ii.  p.  49. 

*  Bciope,  'Considerations  on  Volcanoes'  (1825),  p.  93. 
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witli  vapuurs  and  gaaea.  Molten  rock  higUy  impregnated  gives  rise, 
ho  holilit,  to  fragmentary  diucLargeti,  wliile  when  feebly  impregnated  it 
flows  out  trantiuilly.'  On  the  other  hand,  Captain  G.  E.  Dutton,  who 
hae  etndied  thu  volcanic  phenomena  of  Western  America  and  Hawaii, 
suggests  that  the  different  degrees  of  liquidity  may  depend  not  only  on 
chemical  differenceB,  hut  on  variationH  of  temperature.  He  snppoeea 
that  the  basaltic  lavas  which  have  spread  so  far  in  thin  sheets,  and 
which  muflt  have  had  a  comparatively  great  liquidity,  flowed  at  tem- 
peratures far  above  that  of  their  melting  point,  and  were,  to  nse  his 
phnise,  "  superfuseil."  ' 

Tho  varying  degrees  of  liquidity  arc  manifested  in  a  characteristio 
way  on  tho  surface  of  lava.  Thus,  in  the  great  lava-pwds  of  Hawaii, 
the  rock  exhibits  a  remarkable  liqoidity. 
Daring  its  ebullition  in  the  crater-pools, 
jets  and  driblets,  a  quarter  of  an  inch  in 
diameter,  are  tossed  up,  and  falling  back  on 
one  another,  make  "  a  colmnn  of  hardened 
tears  of  lava,"  one  of  which  (Fig.  43)  was 
found  to  have  attained  a  height  of  40  feet, 
while  in  other  places,  tho  jets  thrown  up 
and  blown  aside  by  the  wind  give  rise  to 
long  threads  of  glass  which  lie  tliickly  to- 
gether like  mown  grass,  and  are  known  by 
the  natives  under  tiie  name  of  Fele's  Hair, 
after  one  of  their  divinities.^ 

On  the  other  hand,  the  lavas  of  Vesuvius 
and  of  most  modem  volcanoes,  which  issue  so  saturated  with  vapour  as 
to  bo  nearly  concealed  from  view  in  a  cloud  of  steam,  are  accompanied 
by  abundant  explosions  of  fragmentary  materials.  Slags  and  clinkers, 
tern  by  explosions  of  steam  from  the  molten  rock,  are  strewn  abundantly 
over  Ute  cone,  while  the  surface  of  the  lava  is  likewise  ni{!^;ed  wiUi 
similar  clinkers,  which  may  now  and  then  be  observed  piled  up  round 
some  more  energetic  steam-spiracle  (Fig.  43).  So  vast  an  amount  of 
steam  rushes  out  from  one  of  these  orifices,  and  with  such  boiling  and 
explosion,  tliat  the  cone  of  bombs,  slags,  and  irregular  lumps  of  lava 
forms  a  miniature  or  parasitic  volcano,  which  will  remain  as  a  nuirked 
cone  on  its  parent  mountain  long  after  tho  eruption  which  gave  it  birth 
has  ceased.  The  lava  of  the  eruption  at  Suntoriu  in  186()-07  at  first 
welled  out  tranquilly,  but  after  a  few  days  its  outflow  was  accom- 
panied with  explosions  and  discharges  of  incandescent  fragments,  which 
increased  until  they  had  covered  the  lava  domo  with  ejected  scorife,  and 
had  opunud  a  number  of  crateriform  mouths  on  its  summit.* 

There  can  Ije  no  doubt,  as  above  remarked,  that  the  condition  of 
'  *  Beitratc  mir  Pliyaik  dci  Eiujiliuueii,'  p.  77. 

'  "HighPlatuuiix  of  Utali,"  (Iwj.  and  Gml  Hareei/  uf  TerritvHtn.     Wasliiiigtou, 
1880,  chiip,  V. 

'  Duiiu,  (ito/.  V.ti.  Kxpliir,  Jixjied;  ''Geology,'  p.  17'J. 
'  Fouque, '  anntoriii,'  p.  iv. 
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liquidity  of  the  lava  has  in  Bome  measure  detormined  the  form  of  the 
cmptioiiB.  In  one  case,  there  are  qniot  oiit-wollings  of  the  more  liquid 
laTaa,u  at  Hawaii;  in  another,  there  arooxplasiTedischargoaandciader- 
cones  aooompanying  the  more  viscid  lavas,  au  at  moet  modern  Tolcanoc^H. 
The  former  has  been  the  condition  favourable  to  the  moat  colossal 
OU^tonringB  of  molten  rook,  as  we  see  in  the  bnsalt-platoaux  of  Britain, 
Faroe,  Greenland,  Idaho,  and  Oregon,  tho  GhnutH,  Abyssinia,  &c.  This 
anbject  in  again  referred  to  at  p.^2;)@. 


Fig.  43.— laTa-CBliimn  {elgbl  fwt  hlgU),  Vwiivlos  (AUr! 


Cryatallizfttion  of  Lava. — Pouring  forth  irith  n  liquidity 
like  that  of  molten  iron,  lavn  speedily  aSBumea  a  more  viscous  condition 
and  ft  slower  motion.  Obsidian  and  other  vitreous  rocks  have  conw.li- 
dated  as  glass:  yet  that  they  are  not  always  extremely  fliii.l  in 
indicated  by  tho  nrreirt,  of  the  obsidian  Btroam  half  way  down  the  stoop 
northern  slope  of  Volcano.  Even  in  such  perfect  natural  glass  as 
obdidian,  micrOBCopic  crystallites  and  crystals  are  usually  present,  and 
in  pTodigions  numlicrs  (pp.  Ill,  146).  In  most  lavas,  devitrification  has 
proceeded  so  far  before  the  dual  atiffening,  that  the  original  glassy  magma 
has  passed  into  a  more  or  lees  completely  Htlioid  or  crystalline  mass. 
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That  lava  may  posHess  an  appreciably  cryBtalline  Btractxire  while 
Ktill  in  motion,  has  often  been  proved  at  Vesuvinfl,  where  weil-defined 
crystals  of  the  infusible  Icucito  may  be  observed  in  a  molten  magma  of 
the  other  minerals,  portions  of  the  white-hot  rock  in  this  oondition 
being  ladled  out,  impressed  with  a  stamp  and  suddenly  congealed. 
The  ilnxion-stnicture  above  (p.  Ill)  described,  furnishes  intereeting 
evidence  of  this  fact  in  many  ancient  as  well  as  modem  lavas. 

The  crystalline  structure  of  lava  has  been  supposed  to  be  in  some 
measure  determined  by  the  presence  of  the  volcanic  vapours  and  gases 
with  which  tlic  molten  rock  is  impregnated,  the  rapid  escape  of  these 
vapours  preventing  the  formation  of  the  crystalline  structure,  and 
leaving  the  lava  in  the  condition  of  a  more  or  less  perfect  glass.  But 
the  experiments  of  MM.  Fouquo  and  Jj^vy,  to  be  afterwards  re- 
ferred to,  liave  shown  that  rocks,  having  in  every  essential  particular 
the  characters  of  volcanic  lavas,  may  be  artificially  produced  under 
ordinary  atmosphoric  pressure  by  simple  dry  fusion.  What  the  influenoe 
may  be  of  the  dissolved  vapours  upon  the  ultimate  consolidation  of 
molten  lava  has  therefore  yet  to  be  ascertained.  Difference  in  the  rate 
of  cooling  has  doubtless  been  an  important,  if  not  the  main,  factor  in 
determining  the  various  conditions  of  texture  of  lavas.  The  crystal- 
line structure  may  be  expected  to  be  most  perfect  where,  as  within  thick 
maRses  of  rock,  the  cooling  has  been  prolonged,  and  where,  consequently, 
tlie  crystals  have  had  ample  time  and  opportunity  for  their  formation. 
Oil  the  other  hand,  the  glassy  structure  vnW  naturally  be  most  perfectly 
shown  where  tlie  cooling  has  been  most  rapid,  as  in  the  vitreous  crust  on 
the  walls  of  dykes  already  (pp.  112, 196)  referred  to.  Bocks  crystallizing 
in  the  doe^x^r  parts  of  a  volcano  appear  usually  to  possess  a  more  coarsely 
cryHtalline  structure  than  those  which  crystallize  near  the  surface. 

Temperature  of  Lava. — It  would  be  of  the  highest  interest 
and  importance  to  know  accurately  the  temperature  at  which  a  lava- 
stream  first  issues.  Measurements  not  altogether  satisfiftctory  have 
been  taken  at  various  distances  below  the  point  of  emission,  whero  the 
moving  lava  could  be  safely  approached.  Experiments  made  at 
Vesuvius  by  Scacchi  and  Sainte-Claire  Deville  in  1865,  by  thrusting 
thin  wires  of  silver,  iron,  and  copper  into  the  lava,  indicated  a 
temperature  of  scarcely  700°  C.  (1228°  Fahr.).  Observations  of  a  similar 
kind,  made  in  1819,  when  a  silver  wire  J^th  inch  in  diameter  at  onco 
melted  in  the  Vesuvian  lava  of  that  year,  gave  a  greatly  higher 
temperature,  the  melting  point  of  silver  being  about  1800°  F^r.  But 
copper  wire  has  also  been  melted,  the  point  of  fusion  of  this  metal  being 
about  2204°  Fahr.  Evidence  of  the  high  temperature  of  lava  has 
likewise  been  adduced  from  the  alteration  it  has  effected  upon 
refra(^.tory  substances  in  its  progress,  as  where,  at  Torre  del  Greco,  it 
overflowed  the  houses,  and  was  aftei-wards  found  to  have  fused  the  fine 
edges  of  flints,  to  have  decomposed  brass  into  it«  component  metals,  the 
copper  actually  crystallizing,  and  to  have  melted  silver,  and  even 
sublimed  it  into  Rmall  octahedral  crystals  (p.  214).     The  lava  of  Santorin 
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has  canght  np  pieces  of  limestone,  and  has  formed  out  of  them  nodules 
containing  crystallized  anorthite,  augite,  sphene,  black  garnet,  and 
particularly  wollastonite.^  The  initial  temperature  of  lava,  as  it  first 
issnes  from  the  Yesuvian  funnel,  is  probably  considerably  more  than 
2000°  Fahr.  Obviously  the  absorbed  water  (or  water-substance,  for,  as 
already  remarked,  the  temperature  is  far  above  the  critical  point  of 
water,  and  its  component  gases  may  exist  dissociated)  must  possess  as 
high  a  temperature  as  that  of  the  white-hot  lava  in  which  it  is  contained. 
The  existence  of  the  elements  of  water  at  a  white  heat,  even  in  rocks 
which  have  reached  the  surface,  is  a  fact  of  no  little  significance  in 
the  theoretical  consideration  of  hypogene  action. 

Inclination  and  thickness  of  lava-flows. — It  was  at  one 
time  sappoeed  that  lava  could  not  consolidate  in  beds  on  such  steep  slopes 
as  those  of  most  volcanoes.  Hence  arose  the  "  elevation-crater  theory  " 
(described  at  p.  224),  in  which  the  inclined  position  of  lavas  round  a 
volcanic  vent  was  explained  by  upheaval  after  their  emission.  Observa- 
tions all  over  the  world,  however,  have  now  demonstrated  that  lava,  with 
all  its  characteristic  features,  can  consolidate  on  slopes  of  even  35°  and 
40°.*  The  lava  in  the  Hawaii  Islands  has  cooled  rapidly  on  slopes  of  25°, 
that  from  Vesuvius,  in  1855,  is  here  and  there  as  steep  as  30°,  while  the 
older  lavas  in  Monte  Somma  are  sometimes  inclined  at  45°.  On  the 
east  side  of  £tna,  a  cascade  of  lava,  which  in  1689  poured  into  the  vast 
hollow  of  the  Cava  Grande,  has  an  inclination  varying  from  18°  to  48°, 
with  an  average  thickness  of  16  feet.  On  Mauna  Loa  some  lava-flows 
are  said  to  have  congealed  on  slopes  of  49°,  60°,  and  oven  80°,  though  in 
these  cases,  it  could  only  be  a  layer  of  rock,  stiffening  and  adhering  to 
the  surface  of  the  declivity.  Even  when  it  consolidates  on  a  steep 
slope,  a  stream  of  lava  forms  a  sheet  with  parallel  upper  and  under 
surfaces,  a  general  uniformity  of  thickness,  and  often  greater  evenness 
of  surface  than  where  the  angle  of  descent  is  low.  The  thickness  varies 
indefinitely ;  many  basalts  which  have  been  poured  out  in  a  remarkably 
liquid  condition  have  solidified  in  bods  not  more  than  10  or  12  feet 
thick.  On  the  other  hand  more  pasty  lavas,  and  lavas  which  have 
flowed  into  narrow  valleys,  may  be  piled  up  in  solid  masses  to  a  thick- 
ness of  several  hundred  feet  (p.  207). 

Structure  of  a  lava-stream. — Lava-streams  are  sometimes 
nearly  homogeneous  throughout.  In  general,  however,  they  each  show 
three  component  layers.  At  the  bottom  lies  a  rough,  slaggy  mass, 
produced  by  the  rapid  cooling  of  the  lava,  and  the  breaking  up  and 
continued  onward  motion  of  the  Bcoriform  layer.  The  central  and 
main  portion  of  the  stream  consists  of  solid  lava,  often,  however,  with  a 
more  or  less  carious  and  vesicular  texture.  The  upper  part,  as  wo  have 
seen,  may  be  a  mass  of  rough  broken-up  slabs,  scoriae,  or  clinkers.  The 
proportions  borne  by  these  respective  layers  to  each  other  vary  con- 
tinually.    Some  of  the  more  fluid  ropy  lavas  of  Vesuvius  have  an 

>  Fouaue,  '  Santorin/ p.  206. 

•  Lyoll  on  tho  oonsolidation  of  lava  on  steep  slopes,  Fhih  Traw.  1858. 
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inconstant  and  thin  slaggy  onist ;  others  may  be  said  to  oonsiBt  of  little 
else  than  scorisB  from  top  to  bottom.  Thronghont  the  whole  man  of  a 
lava-onrrent,  but  more  especially  along  its  upper  surfaoe^  the  absorbed 
vapours  expand  as  the  pressure  diminishes,  and  pushing  the  molten  rock 
aside,  segregate  into  small  bubbles  or  irregular  cavities.  Henoe,  when 
the  lava  solidifies,  these  steam-holes  are  seen  to  be  sometimes  so  abundant 
that  a  detached  portion  of  the  rock  containing  them  will  float  in  water 
(pumice).  They  are  often  elongated  in  the  direction  of  the  motion  of 
the  lava-stream  (Fig.  44).  Sometimes,  indeed,  where  the  oelU  are 
numerous,  their  elongation  in  one  direction  gives  a  fissile  straotnre  to 

the  rock. 

In  passing  from  a  fluid  to  a  solid  condition,  and  thus  oontraotingi 
lava  acquires  different  structures.  Lines  of  divisional  planes  or 
joints  traverse  it,  especially  perpendicular  to  the  upper  and  under 
surfaces  of  the  sheet.  These  sometimes  assume  prismatio  forms, 
dividing  the  rock  into  colunms,  as  is  so  frequently  to  be  observed  in 
basalt.  They  are  described  in  Book  IV.  Part  II.,  together  with  other 
forms  of  joints. 


h 

Fig.  44.— Elongation  of  vesicles  In  direction  of  flow  of  lava. 

Vapours  and  sublimations  of  a  lava-stream. — ^Besides 
steam,  many  other  vapours,  absorbed  in  the  original  subterranean 
molten  magma,  escape  from  fissures  of  a  lava-stream.  The  points  at 
which  such  vapours  are  copiously  disengaged  are  termed  /wnarokt. 
Among  the  exhalations,  chlorides  abound,  particularly  chloride  of 
sodium,  which  appears,  not  only  in  fissures,  but  even  over  the  cooled 
crust  of  the  lava,  in  small  crystals,  in  tufts,  or  as  a  granular  and 
even  glassy  incrustation.  Chloride  of  iron  is  deposited  as  a  yellow 
coating  at  fumaroles,  where  also  bright  emerald-green  films  and 
scales  of  chloride  of  copper  may  bo  more  rarely  observed.  Many 
chemical  changes  take  place  in  the  escape  of  these  vapours.  Thus 
specular-iron,  cither  the  result  of  the  mutual  decomposition  of  steam 
and  iron-chloride,  or  of  the  oxidation  of  magnetite,  forms  abundant 
scales,  plates,  and  small  crystals  in  the  fumaroles  and  vesicles  of  some 
lavas.  Sal-ammoniac  also  appears  in  large  quantity  on  many  lavas^ 
not  merely  in  the  fissures,  but  also  on  the  upper  surface.  In  these  cases, 
it  is  not  directly  a  volcanic  product,  but  results  from  some  decom- 
position, possibly  from  the  gases  evolved  by  the  sudden  destruction  of 
vegetation.  It  has,  however,  been  observed  also  in  the  crater  of  Etna, 
whore  the  co-operation  of  organic  substance  is  hardly  conceivable,  and 
where  perhaps  it  may  arise  from  the  decomposition  of  aqueous  vapour. 
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whereby  a  oomfaination  is  formed  with  atmospheric  nitrogen.  Sulphur, 
bieidakite,  Beaboite,  tenorite,  alum,  sulphates  of  iron,  soda  and  potash, 
and  other  minerals  are  also  found. 

Slow  cooling  of  lava. — The  hardened  crust  of  a  lava-stream 
is  a  bad  condactor  of  heat.  Consequently,  the  surface  of  the  stream 
may  have  beoome  cool  enough  to  be  walked  upon,  though  the  red- 
hot  masB  may  be  observed  through  the  rents  to  lie  only  a  few  inches 
below.  Many  years,  therefore,  may  elapse  before  the  temperature  of 
the  whole  mass  has  fallen  to  that  of  the  surrounding  soil.  Eleven 
months  after  an  eruption  of  Etna,  SpaDanzani  could  see  that  the 
lava  was  still  red-hot  at  the  bottom  of  the  fissures,  and  a  stick 
throBt  into  one  of  them  instantly  took  fire.  The  Yesuvian  lava  of 
1785  was  found  by  Breislak,  seven  years  afterwards,  to  be  still  hot  and 
steaming  internally,  though  lichens  had  already  taken  root  on  its 
KorfiEMie.  The  ropy  lava  erupted  by  Vesuvius  in  1868  was  observed 
by  the  author  in  1870  to  be  still  so  hot,  even  near  its  termination, 
ihat  steam  issued  abundantly  from  its  rents,  many  of  which  were  too 
warm  to  allow  the  hand  to  be  held  in  them,  and  three  years  later  it 
was  still  steaming  abundantly.  Hoffmann  records  that  from  the  lava 
which  flowed  from  Etna  in  1787,  steam  was  still  issuing  in  1830. 
Tet  more  remarkable  is  the  case  of  JoruUo,  in  Mexico,  which  sent  out 
lava  in  1759.  Twenty-one  years  later  a  cigar  could  be  lighted  at  its 
fissures;  after  44  years  it  was  still  visibly  steaming;  and  even  in 
1846,  that  is,  after  87  years  of  cooling,  two  vapour-columns  were  still 
rising  from  it.^ 

This  extremely  slow  rate  of  cooling  has  justly  been  regarded  as  a 
point  of  high  geological  significance,  in  regard  to  the  secular  cooling 
and  probable  internal  temperature  of  our  globe.  Some  geologists 
have  argued,  indeed,  that  if  so  comjmratively  small  a  portion  of 
molten  matter  as  a  lava-stream  can  maintain  a  high  temperature 
under  a  thin,  cold  crust  for  so  many  years,  we  may,  from  analogy, 
feel  little  hesitation  in  believing  that  the  enormously  vaster  mass  of 
the  globe  may,  beneath  a  relatively  thin  crust,  still  continue  in  a 
molten  condition  within.  More  legitimate  deductions,  however, 
might  be  drawn  from  more  accurate  and  precise  measurements  of 
the  rate  of  loss  of  heat,  and  of  its  variations  in  different  lava-streams. 
Sir  William  Thomson,  for  instance,  has  suggested  that,  by  measuring 
the  temperature  of  intrusive  masses  of  igneous  rock  in  coal-workings 
and  elsewhere,  and  comparing  it  with  that  of  other  non-volcanic 
rocks  in  the  same  regions,  we  might  obtain  data  for  calculating  the 
time  which  has  elapsed  since  these  igneous  sheets  were  erupted 
(anfe,  p.  48). 

Effects  of  lava-streams  on  superficial  waters  and 
topography. — ^In  its  descent,  a  stream  of  lava  may  reach  a  water- 
course, and,  by  throwing  itself  as  an  embankment  across  the  stream, 
may  pond  back   the   water   and   form   a  lake.    Such   is  the  oiigiii 

*  E.  SchloideD,  quoted  by  Naumaun, '  Geognosio,*  i.  p.  160. 


214  DYNAMICAL  GEOLOGY.  [Book  HI.  Past  L 


of  the  picturesque  Lake  Aidat  in  Anvergne.  Or  the  molten  current 
may  usurp  the  channel  of  the  stream,  and  completely  bury  the 
whole  valley,  as  has  happened  again  and  again  among  the  vast 
lava-fields  of  Iceland.  Few  changes  in  physiography  are  so  rapid 
and  so  enduring  as  this.  The  channel  which  has  required,  doubtless, 
many  thousands  of  years  for  the  water  laboriously  to  excavate,  is 
sealed  up  in  a  few  hours  under  100  feet  or  more  of  stone,  and 
another  vastly  protracted  interval  may  elapse  before  this  newer  pile 
is  similarly  eroded.^ 

By  suddenly  overflowing  a  brook  or  pool  of  water,  molten  lava 
sometimes  has  its  outer  crust  shattered  to  fragments  by  a  sharp 
explosion  of  the  generated  steam,  while  the  fluid  mass  within  rushes 
out  on  all  sides.*  The  lavas  of  Etna  and  Vesuvius  have  protruded 
into  the  sea.  Thus  a  current  from  the  latter  mountain  entered  the 
Mediterranean  at  Torre  del  Greco  in  1794,  and  pushed  its  way  for 
360  feet  outwards,  with  a  breadth  of  1100  and  a  height  of  16  feet.  So 
quietly  did  it  advance,  that  Breislak  could  sail  round  it  in  a  boat 
and  observe  its  progress. 

By  the  outpouring  of  lava,  two  important  kinds  of  geological 
change  are  produced.  (1)  Stream-courses,  lakes,  ravines,  valleys,  in 
short,  all  the  minor  features  of  a  landscape,  may  be  completely  over- 
whelmed under  a  thick  sheet  of  lava.  The  drainage  of  the 
district  being  thus  effectaally  altered,  the  numerous  changes  which 
flow  from  the  operations  of  running  water  over  the  land  are  arrested 
and  made  to  begin  again  in  new  channels.  (2)  Considerable  altera- 
tions may  likewise  be  caused  by  the  effects  of  the  heat  and  vapours  of 
the  lava  upon  the  subjacent  or  contiguous  ground.  Instances  have  been 
observed  in  which  the  lava  has  actually  melted  down  opposing  rocks, 
or  masses  of  slags  on  its  own  surface.  Interesting  observations,  already 
referred  to  (p.  210),  have  been  made  at  Torre  del  Greco  under  the  lava- 
stream  which  ovei-flowed  part  of  that  town  in  1794.  It  was  found  that 
the  window -i)anes  of  the  houses  had  been  de vitrified  into  a  white, 
translucent,  stony  substance ;  that  pieces  of  limestone  had  acquired  an 
open,  sandy,  granular  texture,  without  loss  of  carbon-dioxide,  and  tliat 
iron,  brass,  lead,  copper,  and  silver  objects  had  been  greatly  altered, 
some  of  the  metals  being  actually  sublimed.  We  can  understand,  there- 
fore, that,  retaining  its  heat  for  so  long  a  time,  a  mass  of  lava  may 
induce  many  crystalline  stnictures,  rearrangements,  or  decomposi- 
tions in  the  rocks  over  which  it  comes  to  rest,  and  proceeds  slowly  to 
cool.  This  is  a  question  of  considerable  importance  in  relation  to  the 
})chaviour  of  ancient  lavas  which  ha\e  been  intruded  among  rocks 
iKaieath  the  surface,  and  have  subsequently  been  exposed  (Book  IV. 
Part  YII.). 

*  For  an  example  of  the  conversion  of  a  lava-buried  river-bed  into  a  hill-top  by  long- 
continued  denudation,  see  Quart.  Journ.  Ckol,  Soc.  1871,  p.  303. 

^  Explosions  of  this  nature  have  been  observed  on  Etna,  where  the  lava  haa  enddenly 
come  in  contact  with  water  or  snow,  considerable  Iobs  of  life  being  sometimes  the 
result    gartorius  von  Waltershausen  and  A.  von  Lasaulx, '  Der  Aetna,'  L  pp.  295, 800. 
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But  on  the  other  hand,  the  exceedingly  trifling  change  produced, 
even  by  a  massiye  sheet  of  lava,  has  often  been  remarked  with  astonish- 
ment    On  the  flank  of  Vesnvius,  vines  and  trees  may  be  seen  still 
flotuishing  on  little  islets  of  the  older  land-surface,  completely  sur- 
rounded by  a  flood  of  lava.    Dana  has  given  an  instructive  account  of 
the  descent  of  a  lava-stream  from  Kilauea  in  June,  1840.      Islet-like 
Bi>aceB  of  forest  were  left  in  the  midst  of  the  lava,  many  of  the  trees  being 
still  alive.    Where  the  lava  flowed  round  the  trees,  the  stumps  were 
nsnaUy  consumed,  and  cylindrical  holes  or  casts  remained  in  the  lava, 
either  empty  or  filled  with  charcoal.     In  many  cases,  the  fallen  crown 
of  the  tree  lay  near,  and  so  little  damaged  that  the  epiphytic  plants  on 
it  began  to  grow  again.     Yet  so  fluid  was  the  lava  that  it  hung  in  pen- 
dent stalactites  from  the  branches,  which  nevertheless,  though  clasped 
round  by  the  molten  rock,  had  barely  their  bark  scorched.     Again,  for 
nearly  100  years  there  has  lain  on  the  flank  of  Etna  a  large  sheet  of  ice, 
which,  originally  in  the  form  of  a  thick  mass  of  snow,  was  overflowed 
by  lava  and  has  thereby  been  protected  from  the  evaporation  and  thaw 
which  woidd  certainly  have  dissipated  it  long  ago,  had  it  been  exposed 
to  the  air.     The  heat  of  the  lava  has  not  sufficed  to  melt  it.     Extensive 
tracts    of   snow  were  likewise    overspread    by  lava   from  the  same 
mountain  in  1879.    In  other  cases,  snow  and  ice  have  been  melted 
in  large  quantities  by  overflowing  lava.     The  great  floods  of  water 
which  rushed  down  the  flank  of  Etna,  after  an  eruption  of  the  mountain 
in  the   spring  of    1755,  and  similar   deluges  at  Cotopaxi,  are   thus 
explained. 

One  further  aspect  of  a  lava-stream  may  be  noticed  here — the  effect 

of  time  upon  its  surface.      While  all  kinds  of  lava  must,  in  the  end, 

crumble  down   under  the   influence   of  atmospheric  waste  and,  where 

other  conditions  permit,  become  coated  with  soil,  and  support  some  kind 

of  yegetation,  yet  extraordinary  differences  may  be  observed  in  the 

facility  witli  which  different  lava-streams  yield  to  this  change,  even  on 

the  flank  of  the  same  mountain;     Every  one  who  ascends  the  slopes  of 

Vesuvius  remarks  this  fact.     After  a  little  practice,  it  is  not  difficult 

there  to  trace  the  limits  of  certain  lavas  even  from  a  distance,  in  some 

cascH  by  their  verdure,  in  others  by  their  barrenness.     Five  hundred 

yoare  have  not  sufficed  to  clothe  with  green  the  still  naked  surface  of  the 

I'atanian  lava  of  1381 ;  while  some  of  the  lavas  of  the  present  century 

bave  long  given  footing  to  bushes  of  furze.^     Some   of  the   younger 

lnvaa  of  Auvergne,  which  certainly  flowed  in  times  anterior  to  those  of 

history,  are  still  singularly  bare  and  rugged.     Yet,  on  the  whole,  where 

lava  is  directly  exposed  to  the  atmosphere,  without  receiving  protection 

frjin  cx«asional  showers  of  volcanic  ash,  or  where  liable  to  be  washed 

We  by  heavy  torrents  of  rain,  its   surface   decays   in   a  few   years 

snfficiently  to  afford  soil  for  stray  plants  in  the  crevices.     When  these 

liave  taken  root  they  help  to  increase  the  disintegration ;  at  last,  as  the 

»  On  the  weathering  of  the  Etna  lavaa,  see  ♦  Der  Aetna,"  ii.  p.  897. 
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rock  \a  ovcrHpread,  the  traces  of  its  yolcanic  origin  fade  away  from  its 
surface.  Some  of  the  Vesuvian  lavas  of  the  present  oentury  already 
support  vineyards. 

Elevation  and  Subsidence.  Proofis  of  elevation  are  frequent 
among  volcanic  vents  which,  lying  near  the  sea  and  containing  marine 
sediments  among  their  older  erupted  materials,  supply,  in  the  enclosed 
marine  organisms,  evidence  of  the  movement.  In  this  way,  it  is  known 
that  Etna,  Vesuvius  and  other  Mediterranean  volcanoes,  began  their 
history  as  submarine  vents,  and  that  they  owe  their  present  dimensions 
not  only  to  the  accumulation  of  ejected  materials,  but  also,  to  some 
extent,  to  an  elevation  of  the  sea-bottom.  Proof  of  subsidence  is 
less  easily  traced,  but  indications  have  been  observed  of  a  sinking 
of  the  ground  beneath  a  volcanic  vent,  as  if  the  crust  had  settled 
down  upon  the  cavity  made  by  the  discharge  of  so  much  volcanic  mate- 
rial. During  the  eruption  of  Santorin  in  1866-67,  very  decided  but 
extremely  local  subsidence  took  place  near  the  vent  in  the  centre  of  the 
old  crater. 

Torrents  of  Water  and  Mud. — ^We  have  seen  that  large 
ijuantities  of  water  accompany  many  volcanic  eruption&  In  some 
cases,  where  ancient  crater-lakes  or  internal  reservoirs,  shakeu  by 
repeated  detonations,  have  been  finally  disrupted,  the  mud  which  has 
thereby  been  liberated  issues  at  once  from  the  mountain.  Such  "  mud- 
lava  "  (lava  d'acqua)^  on  account  of  its  liquidity  and  swiftness  of  motion, 
is  more  dreaded  for  destructiveness  than  even  the  true  melted  lavas. 
On  the  other  hand,  rain  or  melted  snow  or  ice,  rushing  down  the  cone 
and  taking  up  loose  volcanic  dust,  is  converted  into  a  kind  of  mud  that 
grows  more  and  more  pasty  as  it  descends.  The  mere  sudden  rush  of 
such  largo  bodies  of  water  down  the  steep  declivity  of  a  volcanic  cone 
cannot  fail  to  effect  much  geological  change.  Deep  trenches  are  cut  out 
of  the  loose  volcanic  sIojkjs,  and  sometimes  large  areas  of  woodland  arc 
swept  away,  the  debris  being  strewn  over  the  plains  below. 

One  of  these  mud-lavas  invaded  Herculaneum  during  the  great 
eruption  of  79,  and  by  quickly  enveloping  the  houses  and  their 
contents,  has  preser\'ed  for  us  so  many  precious  and  perishable  monu- 
ments of  antiquity.  In  the  same  district,  during  the  eruption  of  1622, 
a  torrent  of  this  kind  poured  down  upon  the  villages  of  Ottajano  and 
Massa,  overthrowing  walls,  filling  up  streets,  and  oven  burying  houses 
with  their  inliabitants.  During  the  great  eruption  of  Cotopaxi,  in  June 
1877,  enonnous  torrents  of  water  and  mud,  produced  by  the  melting  of 
the  snow  and  ice  of  the  cone,  poured  doAvn  from  the  mountain.  Among 
the  debris  hurried  along  were  vast  numbers  of  large  blocks  of  ice. 
The  villages  all  round  the  mountain  to  a  distance  of  sometimes  more 
than  ton  gooj^raphical  miles  were  left  deeply  buried  under  a  deposit  of 
mud  mixed  with  blocks  of  lava,  ashes,  pieces  of  wood,  &c.^  Many  of  the 
volcanoes  of  Central  and  South  America  discharge  large  quantities  of 
mud  directly  from  their  craters.     Thus,  in  the  year  1G91,  Imbabuni,  one 

>  Wolf,  Nem6  Jahth,  1878,  p.  133. 
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of  the  Andes  of  QnitO)  emitted  floods  of  mud  so  largely  charged  with  dead 
fish  that  pestilential  fevers  arose  from  the  subsequent  effluvia.  Seven 
years  later  (1698),  during  an  explosion  of  another  of  the  same  range  of 
lofty  mountains,  Carguairazo  (14,706  feet),  the  summifc  of  the  cone  is 
said  to  have  fallen  in,  while  torrents  of  mud  containing  immense 
numbers  of  the  fish  Pymehdus  Gyclopum,  poured  forth  and  covered  the 
ground  over  a  space  of  four  square  leagues.  The  carbonaceous  mud 
(locally  called  moya)  emitted  by  the  Quito  volcanoes  sometimes  escapes 
from  lateral  fissures,  sometimes  from  the  craters.  Its  organic  contents,  and 
notably  its  siluroid  fish,  which  are  the  same  as  those  found  living  in  the 
streams  above  ground,  prove  that  the  water  is  derived  from  the  surface, 
and  accumulates  in  craters  or  underground  cavities  until  discharged  by 
volcanic  action.  Similar  but  even  more  stupendous  and  destructive 
oatpoorings  have  taken  place  from  the  volcanoes  of  Java,  where 
wide  tracts  of  luxuriant  vegetation  have  at  different  times  been  buried 
under  masses  of  dark  grey  mud,  sometimes  100  feet  thick,  with  a  rough 
hiUocky  surface  from  which  the  top  of  a  submerged  palm-tree  occasion- 
ally  protruded. 

Between  the  destructive  effects  of  mere  water-torrents  and  that  of 
those  mud-floods  there  is,  of  course,  the  notable  difference  that,  whereas 
in  the  former  case,  a  portion  of  the  surface  is  swept  away,  in  the  latter, 
while  sometimes  considerable  demolition  of  the  surface  takes  place  at 
first,  the  main  result  is  the  burying  of  the  ground  under  a  new 
tumultuous  deposit  by  which  the  typography  is  greatly  changed,  not 
only  as  regards  its  temporary  aspect,  but  in  its  more  permanent  features, 
such  as  the  position  and  fonn  of  its  watercoiirsoH. 

Exhalations  of  Vapours  and  Gases.— A  volcano,  as  ite  activity 

wanes,  may  pass  into  the  Solfatara  stage,  when  only  volatile  emanationH 

are    discharged.     The   well-known    Solfatara    near    Naples,    since   its 

last  eruption  in  1198,  has  constantly  discharged  steam  and  suli)hurous 

vapours.     The  island  of  Volcano  has  now  passed  also  into  this  phase. 

Numerous  other  examples  occur  among  the  old  volcanic  tracts  of  Italy, 

where  they  have  been  tenned  aoffionu     Steam,  escaping  in  conspicuous 

jets,  sulphuretted  hydrogen,  hydrochloric  acid,  and  carbonic  acid  are 

particularly  noticeable  at  these  orifices.    The  vapours  in  rising  condense. 

The  sulphuretted  hydrogen,  partially  oxidises  into  sulphuric  acid,  which 

powerfully  corrodes  the  surrounding  rocks.     The  lava  or  tuff  through 

which  the  hot  vapours  rise  is  bleached  into  a  white  or  yellowish  crumbling 

clay,  in  which,  however,  the  less  easily  coiToded  crystals  may  still  bo 

recognised  in  situ.     At  the  same  time,  sublimates  of  sulphur  or  of  chlorides 

may  l)e  formed,  or  the  sulphuric  acid  attacking  the  lime  of  the  silicates 

^ves  rise  to  gypsum,  which  spreads  in  a  network  of  threads  and  veins 

through  the  hot,  steaming,  and  decomposed  mass.     In  this  way,  at  the 

i»laud  of  Volcano,  obsidian  is  converted  into  a  snow-white,  dull,  clay- 

»t4jne-like  substance,  with  crystals  of  sulphur  and  gypsum  in  its  crevices. 

Silica  is  likewise  deposited  from  solution  at  many  orifices,  and  coats 

the  altered  rock  with  a  crust  of  chalcedony,  hyalite,  or  some  form  of 


218  DYNAMICAL  GEOLOGY,  [Book  IIL  Pakt  L 


Biliceous  sinter.  As  the  result  of  this  action,  masses  of  rock  are  decom- 
posod  below  the  surface,  and  new  deposits  of  alum,  sulphur,  sulphides  of 
iron  and  copper,  <S:c.,  are  formed  above  them.  Examples  have  been  de- 
scribed from  Iceland,  Lipari,  Hungary,  Terceira,  Teneriffe,  St.  Helena, 
and  many  other  localities.^  The  lagoons  of  Tuscany  are  basins  into 
which  the  waters  from  suffioni  are  discharged,  and  where  a  precipita- 
tion of  their  dissolved  salts  takes  place.  Among  the  substances  thus 
depouited  are  gypsum,  sulphur,  silica,  and  various  alkaline  salts;  but 
the  most  important  is  boracic  acid,  the  extraction  of  which  constitutes  a 
thriving  industry'. 

Another  class  of  gaseous  emanations  betokens  a  condition  of  volcanic 
activity  further  advanced  towards  final  extinction.  In  these,  the  gas 
is  carbon-dioxide,  either  issuing  directly  from  the  rock  or  bubbling  up 
with  water  which  is  often  quite  cold.  The  old  volcanic  districts  of 
Europe  furnish  many  examples.  Thus  on  the  shores  of  the  Laacher 
See — an  ancient  crater-lake  of  the  Eifel — the  gas  issues  from  numerous 
openings  ccdled  moffettCj  round  which  dead  insects,  and  occasionally 
iiiico  and  birds,  may  be  found.  In  the  same  region,  occur  hundreds  of 
Bprings  more  or  less  charged  with  this  gas.  The  famous  Valley  of 
Death  in  Java  contains  one  of  the  most  remarkable  gas  springs  in 
the  world.  It  is  a  deep,  bosky  hollow,  from  one  small  space  on  the 
bottom  of  which  carbon-dioxide  issues  so  copiously  as  to  form  the 
lower  stratum  of  the  atmosphere.  Tigers,  deer,  and  wild-boar,  enticed 
by  the  shelter  of  the  spot,  descend  and  are  speedily  suflfocated. 
Many  of  their  skeletons,  together  with  those  of  man  himself,  have  been 
observed. 

As  a  distinct  class  of  gas-springs,  we  may  group  and  describe  here 
the  emanations  of  volatile  hydrocarbons,  which,  when  they  take  fire, 
are  known  as  Fire-wells.  These  are  not  of  volcanic  origin,  but  arise 
from  changes  witliin  the  solid  rocks  underneath.  They  occur  in  many 
of  the  districts  where  mud-volcanoes  appear,  as  in  northern  Italy,  on 
tlie  Caspian,  in  Mesopotamia,  in  southern  Kurdistan,  and  in  many  parts 
of  the  United  States.  It  has  been  observed  that  they  frequently  rise 
in  regions  where  beds  of  rock-salt  lie  underneath,  and  a&  that  rock 
has  been  ascertained  often  to  contain  compressed  gaseous  hydrocarbons^ 
tho  solution  of  the  rock  by  subterranean  water,  and  the  consequent 
liberation  of  the  gas,  has  been  offered  as  an  explanation  of  these 
lire -wells. 

In  the  oil  regions  of  Pennsylvania,  certain  sandy  strata  occur  at 
various  geological  horizons  whence  large  quantities  of  petroleum  and 
gas  are  obtained  (p.  174).  In  making  the  borings  for  oil-wells,  reser- 
voirs of  gas  as  well  as  subterranean  courses  or  springs  of  water  are  met 
with.  When  the  supply  of  oil  is  limited  but  that  of  gas  is  large,  a 
contest  for  possession  of  the  bore-hole  sometimes  takes  place  between 
the  gas  and  water.    When  the  machineiy  is  removed  and  the  boring 

*  Von  Bach,  *Oauar.  InaelD/  p.  282.     Hofibian,  Pogg.  Ann.  1832,  pp.  3d,  40,  60. 
BuDBen,  Ann,  Chem,  Plutrm,  1847  (Ixii.),  p.  10.    Darwin,  *  Volcanic  iBlandf*,'  p.  29. 
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is  abandoned,  the  contest  is  allowed  to  proceed  unimpeded  and  results 
in  the  intermittent  discharge  of  columns  of  water  and  gas  to  heights 
of  130  feet  or  more.  At  night,  when  the  gas  has  been  liglitod,  the 
spectacle  of  one  of  these  "  fire-geysers  "  is  inconceivably  grand.^ 

Oeysers. — ^Eruptive  fountains  of  hot  water  and  steam,  to  which  the 
general  name  of  Geysers  (i.e.  gushers)  is  given,  from  the  examples  in 
Iceland,  which  were  the  first  to  be  seen  and  described,  mark  a  declining 
phase  of  vdcanio  activity.  The  Great  and  Little  Geysers,  the  Strokkr, 
and  other  minor  springs  of  hot  water  in  Iceland,  have  long  been  cele- 
brated examples.  More  recently  another  series  has  been  discovered  in 
New  Zealand.  But  probably  the  most  remarkable  and  numerous 
assemblage  is  that  which  has  been  brought  to  light  in  the  north-west 
part  of  the  territory  of  Wyoming,  and  which  has  been  included 
within  the  "Yellowstone  National  Park" — a  region  set  apart  by  the 
Congress  of  the  United  States  to  be  for  ever  exempt  from  settle- 
ment, and  to  be  retcdned  for  the  instruction  of  the  people.  In  this 
singtdar  region,  the  ground  in  certain  tracts  is  honeycombed  with 
passages  which  communicate  with  the  surface  by  hundreds  of  openings, 
whenoe  boiling  water  and  steam  are  emitted.  la  most  cases,  the  water 
remains  dear,  tranquil,  and  of  a  deep  green-blue  tint,  though  many  of 
the  otherwise  quiet  pools  are  marked  by  patches  of  rapid  ebullition. 
These  pools  lie  on  mounds  or  sheets  of  sinter,  and  are  usually  edged 
round  with  a  raised  rim  of  the  same  substance,  often  beautifully  fretted 
and  streaked  with  brilliant  colours.  The  eruptive  openings  usually 
appear  on  small,  low,  conical  elevations  of  sinter,  from  each  of  which 
one  or  more  tubular  projections  rise.  It  is  from  these  irregular  tube- 
like excrescences  that  the  eruptions  take  place. 

The  term  geyser  is  restricted  to  active  openings  whence  columns  of 
hot  water  and  steam  are  from  time  to  time  ejected  ;  the  non-eruptive  pools 
are  only  hot  springs.  A  true  geyser  should  thus  possess  an  underground 
pipe  or  passage,  terminating  at  the  surface  in  an  opening  built  round 
with  deposits  of  sinter.  At  more  or  less  regular  intervals,  rumblings  and 
sharp  detonations  in  the  pipe  are  followed  by  an  agitation  of  the  water  in 
the  basin,  and  then  by  the  violent  expulsion  of  a  column  of  water  and  steam 
to  a  considerable  height  in  the  air.  In  the  Upper  Fire  Hole  basin  of  the 
Yellowstone  Park,  one  of  the  geysers,  named  "  Old  Faithful "  (Fig.  45), 
lias  ever  since  the  discovery  of  the  region,  sent  out  a  column  of  mingled 
water  and  steam  every  sixty-three  minutes  or  thereabouts.  The 
column  rushes  up  with  a  loud  roar  to  a  height  of  more  than  100  feet, 
the  whole  eruption  not  occupying  more  than  about  five  or  six  minutes. 
The  other  geysers  of  the  same  district  are  more  capricious  in  their  move- 
ments, and  some  of  them  more  stupendous   in  the  volume   of  their 

*  Ashbumer,  Froc.  Atner.  PhiL  8oc.  xvii.  (1877),  p.  127.  StoweWs  Petroleum 
Reporter,  15th  Sept  1879.  Second  OeoL  Survey  of  Pennsylvania,  containing  Reporta  by 
J.  OeutII,  1877, 1880.  On  the  naphtha  districts  of  the  Caspian  8ea,  Abich,  JahrK  Geol. 
Bek^.  ixix.  (1879),  p.  165 ;  see  also  for  phenomena  in  Gallicia  the  same  work,  xv.  pp. 
199, 851 ;  zriL  p.  291 ;  xyiii  p.  811 ;  xxxi.  (1881)  p.  131.  Proc.  ImU  Civ,  Engineers,  xlii. 
(1875)  p.  343. 
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disohiirge.    The  eruptions  of  the  Castle,  Giant,  and  Beehive  vents  are 
marvellouBly  impressive.' 

In  uxamining  the  Yellowstone  Qeyser  region  in  1879,  the  author  was 
sjKcially  struck  by  the  evident  independence  of  the  vents.  This  was 
shown  l>y  their  very  different  levels,  as  well  aa  by  their  capricionB  and 
unsympathetic  eruptions.  On  the  same  hill-slope,  dozens  of  qoiet  pools, 
as  well  as  some  true  geysers,  were  noticed  at  different  levels,  from  the 
edge  of  the  Fire  Hole  Eivor  up  to  a  height  of  at  least  80  feet  above  it 
Yet  the  lowor  pools,  from  which,  of  course,  had  there  been  underground 
connection  between  the  different  vents,  the  drainage  should  have  princi' 
pally  discharged  itself,  woi-e  often  found  to.be  quiet  steaming  pools 
without  outlet,  while  thoso  at  higher  jmints  were  oocasionaUy  in  aotivo 
eruption.    It  seemed  also  to  make  no  difference  in  the  height  or  tiau- 


(|uillity  of  one  of  the  quietly  boUiug  cauldrons,  when  an  active  projec- 
tion of  steam  and  water  was  going  on  from  a  neighbouring  vent  on  the 
samo  gcutlo  slope. 

Buiisen  and  Dcscluitieaux  sj>ont  some  days  experimenting  at  the 
Icelandic  geysers,  and  ascertained  that  in  the  Great  Geyser,  while  the 
Kurfacc  temiieraturo  is  about  212°  Fahr,,  that  of  lower  portions  of  the 
tul>c  is  much  higher — a  thermometer  giving  as  high  a  reading  as  266° 
Fahr.  The  water  at  a  littlo  depth  must  couBcqxiontly  be  54°  above  the 
normal  boiling-point,  l)ut  it  is  kept  in  the  fluid  state  by  the  pressure  of 
tlic  overlying  cidiimn.  At  the  baein,  however,  tho  water  cools  quickly. 
After  an  cKplosion  it  accumulates  there,  and  eventually  begins  to  boil. 

>  Bee  Hajdeo's  licporta  for  ISTII  and  fur  1878,  in  tLu  latter  U  wliicli  wlU  be  fonnJa 
voluminouij  muuo^ph  on  tho  Hot  Springs  by  A.C.Foalo;  Cowitook'aBeportillJanw'* 
Beoonnaiwance  of  N.  W.  Wyoming,  ice,  1871. 
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The  preesare  on  the  column  below  being  thus  relieved,  a  portion  of  the 
superheated  water  flashes  into  steam,  and  as  the  change  passes  down 
the  pipe,  the  whole  column  of  water  and  steam  rushes  out  with  great 
violence.  The  water  thereafter  gradually  collects  again  in  the  pipe,  and 
after  an  interval  of  some  hours  the  operation  is  renewed.  The  experi- 
ments made  by  Bunsen  proved  the  source  of  the  eruptive  action  to  lie  in 
the  hot  part  of  the  pipe.  He  hung  stones  by  strings  to  different  depths 
in  the  funnel  of  the  geyser,  and  found  that  only  those  in  the  higher 
part  were  cast  out  by  the  rush  of  water,  sometimes  to  a  height  of 
100  feet,  while,  at  the  same  time,  the  water  at  the  bottom  was  hardly 
disturbed  at  alL  These  observations  give  much  interest  and  importance 
to  the  phenomena  of  geysers  in  relation  to  volcanic  action.  They  show 
that  the  eruptive  force  is  steam ;  that  the  water  column,  even  at  a  com- 
paratively small  depth,  may  have  a  temperature  considerably  above  212*^ ; 
that  this  high  temperature  is  local ;  and  that  the  eruptions  of  steam  and 
water  take  place  periodically,  and  with  such  vigour  as  to  eject  largo 
stones  to  a  height  of  100  feet.^ 

The  hot  water  comes  up  with  a  considerable  percentage  of  mineral 
matter  in  solution.  According  to  the  analysis  of  Sandberger,  water 
from  the  Gh'eat  Geyser  of  Iceland  contains  in  10,000  parts  the  following 
proportiofns  of  ingredients :  silica  5*097,  sodium-carbonate  1*939,  ammo- 
ninm-carhonate  0*083,  sodium-sulphate  1*07,  potassium-sulphate  0*475, 
m^nennm-solphate  0*042,  sodium-chloride  2*521,  sodium-sulphide  0*088, 
carbonio  acid  0*557,= 11  *872.> 

As  soon  as  the  water  reaches  the  surface,  and  begins  both  to  cool  and 

to  evaporate,  it  deposits  the  silica  as  a  sinter  on  the  surfaces  over  which 

it  flows  or  on  which  it  rests.     The  deposit  naturally  takes  place  fastest 

along  the  margins  of  the  pools.     Hence  the  curiously  fretted  rims  by 

which  these  sheets  of  water  are  surrounded,  and  the  tubular  or  cylindrical 

protuberances  which  rise  from  the  growing  domes.     Whore  numerous 

liot  springs  have  issued  along  a  slope,  a  succession  of  basins  gives   a 

curiously  picturesque  terraced  aspect  to  the  ground,  as  at  the  Mammoth 

Springs  of  the  Yellowstone  Park  and  at  Kotamaliana  in  New  Zealand. 

In  course  of  time,  the  network  of  underground  passages  undergoes 
alteration.  Orifices  that  were  once  active  cease  to  enipt,  and  even  tlie 
water  fails  to  overflow  them.  Sinter  is  no  longer  formed  round  them, 
an<l  their  surfaces,  exjwsed  to  the  weather,  crack  into  fine  slialy  rubbish 
like  comminuted  oyster-shells.  Or  the  cylinder  of  sinter  grows  upward 
until,  })y  the  continued  deposit  of  sinter  and  the  failing  force  of  the 
geyser,  the  tube  is  finally  filled  up,  and  then  a  dry  and  crumbling  white 
pillar  is  left  to  mark  the  site  of  the  extinct  geyser. 

Mad-Volcanoes. — Tliese  are  of  two  kinds:    Ist,  where  tlie  chief 

'  Ompie$  Bendm,  xxiii.  (1«46),  p.  034;  Fogy.  Annal.  Ixxii.  (1847),  p.  150;  Ixxxiii. 
nSol ,  p.  197.  Ann.  C%irnt«,  xxxviii.  (1853),  pp.  215,  385.  Tlio  explanation  propOHcd 
for  the  phenomena  observed  at  the  Great  Geyser  is  probably  not  applicable  in 
tlKMe  caaefl  where  the  mere  local  aocnmulation  of  steam  in  suitable  reservoirs  may  l>e 
ntBcient 

'  Annal,  Chem,  und  Pliarm.  1847,  p.  49. 
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Tnw.tnL    'J    . iitiiii'.tii     iuiiii:»?fe   '^   ^^r.'icrvss     mdemeath.      Dr.    Danbeny 

»  xj'laiiicd  :i:tiu  ".n  Triciiv  "  v  -he  sicw  .jombmstion  of  Ijeds  of  snlphnr. 

Ihv  Tt^ucuc  . o.!irrviiL-e    f  :iaphiha   ind  •*(  indammable  g;i8  points,  m 

■LiK  r  ■.■!4B*«s  tl-  :he    iiiie!iir^ui»^m*r!it    -i  iiv-lrnur'^'us  fr»jm  subterranean 

-'  I'hv  >eo.'iitL  liUsis  'I  !iiu«i-^uic:ino  pr«.'!?ents  itself  in  true  vulcanic 
rejourns,  ind  is  due  ru  rue  '.'S^iire  ylL  livi  water  iind  steam  through  lieiis 
m{'  lutf  or  si.^me  othtT  fnablf  kinti  ^f  r?ck.  The  mud  is  kept  in 
LdmUitiuu  ''v  rue  riise  of  steam  tkn^vrh  it.  As  it  becomes  more  pastr 
ill  id  ilio  steam  meers  wirh  iTeat^r  resistance,  large  bubbles  are  f»>rmed 
wlikli  : Mirer,  and  the  more  liquM  mud  from  Mow  oozes  out  fn~'m  the 
vont.  l:i  '•iiis  way.  small  cones  are  built  up,  many  of  which  have 
l-rrfui-t  iTirot^  iti'p.  In  tho  <  Peyser  tractn  uf  the  Yellowstone  region, 
L 111' IV  arv  instructive  oxamplos  of  such  active  and  extinct  mud- vents. 
Si»iiio  of  the  extinct  cones  tliere  are  not  more  than  a  foi>t  high,  auil 
might  Ih)  carefully  removed  an  niusoum  Hpecimens. 

'  Thu  "burning  hills  **  of  TiirltcBtnii  nn^  n^fornMl  to  tho  Bubtorranean  oombnstion  oi 
ihU  of  Jnmsaic  Ck»l.    J.  MuHclikoU»ff.  i\V««N«  J,ihrh.  1876,  p.  516. 
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Mud-Yoloanoes  oocnr  in  Iceland,  Sicily  (Maccalnba),  in  many  dis- 
trictB  of  northern  Italy,  at  Tamar  and  Kertoh,  at  Baku  on  the  Caspian, 
near  the  month  of  the  Indus,  and  in  other  parts  of  the  globe.  ^ 

§3.   Structure  of  Volcanoes. 

We  haye  now  to  consider  the  manner  in  which  the  various  solid 
materials  ejected  by  volcanic  action  are  built  up  at  the  sur&ce.     This 
inquiry  will  be  restricted  here  to  the  phenomena  of  modem  volcanoes, 
including  the  active  and  dormant,  or  recently  extinct,  phases.     Obviously, 
however,  in  a  modem  volcano  we  can  study  only  the  upper  and  external 
portions,  the  deeper  and  fundamental  parts  being  still  concealed  from 
Tiew.    But  the  interior  structure  has  been,  in  many  cases,  laid  open  among 
the  volcanic  products  of  ancient  vents.    As  these  belong  to  the  architec- 
ture of  the  terrestrial  crust,  they  are  described  in  Book  lY.     The  student 
18  therefore  requested  to  take  the  descriptions  there  given,  in  connection 
with  the  foregoing  and  present  sections,  as  related  chapters  of  the  study 
of  volcanism. 

Confining  attention  at  present  to  modem  volcanic  action,  we  find  that 
the  solid  materials  emitted  from  the  earth's  interior  are  arranged  in  two 
ibtmct  types  of  structure,  according  as  the  eruptions  proceed  from  largo 
central  cones  or  from  inconspicuous  vents  connected  with  an  extensive 
qnrtem  of  fissures.  In  the  former  case,  volcanic  cones  are  produced ;  in 
the  latter,  volcanio  plateaux  or  plains.  The  type  of  the  volcanic  cone,  or 
ordinary  volcano,  is  now  the  most  abundant  and  best  known. 

i.   Volcanic  Cones, 

From  some  weaker  point  of  a  fissure,  or  from  a  vent  opened  directly 
^y  explosion,  volcanic  discharges  of  gases  and  vapours  with  their 
liquid  and  solid  accompaniments  make  thoir  way  to  the  surface  and 
gradually  build  up  a  volcanic  hill  or  mountain.  Occasionally,  eruptions 
Uve  proceeded  no  further  than  the  first  stage  of  gaseous  explosion.  A 
cauldron-like  cavity  has  been  torn  open  in  the  ground,  and  ejected 
fragments  of  the  solid  rocks,  through  which  the  explosion  has  emerged, 
hiTe  fallen  back  into  and  round  the  vent.  Subsequently,  after  possible 
mbridence  of  the  fragmentary  materials  in  the  vent,  and  even  of  the 
Aiee  of  the  orifice,  water  supplied  by  rain  and  filtering  from  the 
neighbouring  ground  may  partially,  or  wholly,  fill  up  the  cavity,  so  as 
to  produce  a  lake  either  with  or  without  a  superficial  outlet.  Under 
fcvourable  circumstances,  vegetation  creeping  over  bare  earth  and  stone, 
iDay  80  conceal  all  evidence  of  the  original  volcanic  action  as  to  make 
the  quiet  sheet  of  water  look  as  if  it  had  always  been  an  essential  part 

'  On  mnd-volcanoes,  see  Bansen,  Liebig*$  Annual^  Ixiii.  (1847\  p.  1 ;  Abich,  Mem. 
^«d.  8L  Petertburg,  7*  ser.  t.  vi.  No.  5,  ix.  No.  4 ;  Daubeny's  Volcanoes,  pp.  264,  539 
Bairt,  Trant.  Bombay  (hograph,  Soo,  x.  p.  154 ;  Roberts, /oum.  Roy.  Asiatic  8oc.  1850 
^  Vemeuil.  Mem.  i^tc.  Oloh  France,  iii.  (1838).  p.  4 ;  Stiffe.  Q.  /.  Oeol  8oc  xxx.  p.  50 
V«m  Ldiaunlx,  Z,  DeuUeh.  Geol  Qes.  xxxi.  p.  457 ;  Gum1)el,  Sitzb.  Akatl.  Munch.  1879 
^  K.  Kallet,  Bee.  Geol,  Surv.  India,  xi.  p.  188. 
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of  the  landscape.  Exploeion-lakes  (Crater-lakes)  of  this  kind  oocnr  in 
districts  of  extinct  volcanoes,  as  in  the  Eifel  (maare)^  oential  Italy,  and 
Auvergne.  A  remarkable  example  is  supplied  by  the  Lonar  Lake  in  the 
Indian  peninsula,  half-way  between  Bombay  and  Xagi)ur.  It  lies  in  the 
midst  of  the  volcanic  plateau  of  the  Deccan  traps,  which  extend  around 
it  for  hundreds  of  miles  in  nearly  fiat  beds  that  slightly  dip  away  from 
the  lake.  An  almost  circular  depression,  rather  more  than  a  mile  in 
diameter,  and  from  300  to  400  feet  deep,  contains  at  the  bottom  a 
shallow  lake  of  bitter  saline  water,  depositing  crystals  of  trona  (native 
carbonate  of  soda,  the  nUrum  of  the  ancients).  Except  to  the  north  and 
north-east,  it  is  encircled  with  a  raised  rim  of  irregularly  piled  blocks 
of  basalt,  identical  with  that  of  the  beds  through  which  the  cavity  has 
been  opened.  The  rim  never  exceeds  100  feet,  and  is  often  not  more  than 
40  or  50  feet  in  height,  and  cannot  contain  a  thousandth  part  of  the 
material  which  once  filled  the  crater.  No  other  evidence  of  volcanic 
discharge  from  this  vent  is  to  be  seen.  Some  of  the  contents  of  the 
cavity  may  have  been  ejected  in  fine  particles,  which  have  subsequently 
been  removed  by  denudation;  but  it  seems  more  probable  that  the 
existence  of  the  cavity  is  mainly  due  to  subsidence  after  the  original 
explosion.^ 

In  most  cases,  explosions  are  accompanied  by  the  expulsion  of  so 
much  solid  material  that  a  cone  gathers  round  the  point  of  emission. 
As  the  cone  increases  in  height,  by  successive  additions  of  ashes  or  lava  to 
its  8urfiBU)e,  these  volcanic  sheets  are  laid  down  upon  progressively  steeper 
slopes.  The  inclination  of  beds  of  lava,  which  must  have  originaUy 
issued  in  a  more  or  less  liquid  condition,  offered  formerly  a  difficulty 
to  observers,  and  suggested  the  famous  theory'of  Elevation- craters  (Er- 
hebungtkraiere)  of  L.  von  Buch,^  jl^ie  de  Beaumont,^  and  other  geologists. 
According  to  this  theory,  the  conical  shape  of  a  volcanic  cone  arises 
mainly  from  an  upheaval  or  swelling  of  the  ground,  round  the  vent  from 
which  the  materials  are  finally  expelled.  A  portion  of  the  earth's  crust 
(represented  in  Fig.  46  as  composed  of  stratified  deposits,  ah  g  h)  was 
believed  to  have  been  pushed  up  like  a  huge  blister,  by  forces  acting 
from  below  (at  c)  until  the  summit  of  the  dome  gave  way  and  volcanic 
materials  were  emitted.  At  first  these  might  only  partially  fill  the 
cavity  (as  at  /),  but  subsequent  eniptiouK,  if  sufficiently  copious,  would 
cover  over  the  truncated  edges  of  the  pre- volcanic  rocks  (as  at  g  h)^  and 
would  1)0  liable  to  further  upheaval  by  a  renewal  of  the  original  upward 
swelling  of  the  site. 

It  was  a  matter  of  prime  importance  in  the  interpretation  of  volcanic 
action  to  have  this  question  settled.     To  Poulett  Scrope,   Constant 

*  ThiB  cavity  may  poeisibly  mark  one  of  the  vents  from  whioli  the  basalt  floods  istncd. 
On  explosion-eratera  and  lakes,  see  Scrope's  *  Volcanoes.*  Leooq,  *■  Epoqnes  geologiques 
de  rAureigne,'  tome  it.  ;  compare  also  Vogelsang,  *  Vnlcane  der  Eifel/  and  in  J\i>h<»  JoM*, 
1870^ Jip.  190. 326^  ifiO.  On  Lonar  Lake,  see  ^[ulc^ilmsou,  Tranf.  fiffJ,  Snc,  2nd  ter„  v. 
p.  M^^wPhdUwtt  and  Blanford's  '  Geology  of  India,*  p.  87!). 

^  '   kiz^z^zxTii.,  p.  1(>9. 


MK'JiBAIwtt 


Nt  ftSi  QM,  Aanetf  it.  p.  357.    Ann,  de$  Miius^  ix.  and  x. 


axrr.  L  I  &] 


ElEVATJOK-CSATEB    THEORY. 


PrfvoBt,  and  Lyell,  belongfl  the  merit  of  diBproving  the  Elevation-crater 
theoiy.  Sotop©  ahowed  ooncluaively  that  the  steep  alope  of  the  lava-bede 
of  a  volcanic  cone  was  original.*  Conatant  Prfvoet  pointed  out  that  there 
w«  no  more  reason  why  lava  should  not  consolidate  on  steep  slopes 
than  that  tears  or  drops  of  wax  should  not  do  so.»  Lyell,  in  Bnoooesive 
editions  of  his  works,  and  snbseqnontly  by  an  examination  of  the  Canary 
Wands  with  Hartung,  brought  forward  cc^nt  arguments  against  the 


M.— 5«t)an  mntntlT*  oT  Ihi 


Hmtion-CTster  theory.'    A  oompariaon  of  Pig.  46  with  Fig.  47  will 
•hftwat  a  glance  the  diffei-enoe  between  this  theory  and  the  views  of 


'olcania  structure  now  universally  accepted.    The  steep  declivities  on 
»bioh  lava  can  actually  consolidate  have  been  referred  to  on  p.  211. 

The  cone  grows  by  additions  made  to  its  surface  during  Buccessive 
^nptiooB.    Its  angle  of  Riope  depends  mainly  upon  the  angle  of  repone 
D  Volcanix'fl,'  1625.     Qmii.  JburTi.  Geol.  8oe.  xiL  p.  326. 


'  Pha.  IVoiw.  1858,  p.  703,    6ce  the  remarks  of  Fonqn^ '  Santorin,'  pp.  40(M2Z 
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of  the  erupted  matoriaU,  but  is  apt  to  be  modified  by  the  effect  of  nin 
and  torrents,  in  sweeping  down  the  loose  detritus  and  excavating  ravine* 
on  the  sides  of  the  cone.^ 

The  orator  donbtlese  owee  ite  generally  circular  form  to  the  equal 
ezpansioiL  in  all  directions  of  the  explosive  vapunra  from  below.  Di 
some  of  the  mnd-oones  already  noticed,  the  crater  is  not  more  than  a  fisw 
inches  in  diameter  and  depth.  From  this  minimam,  every  gradation  of 
size  may  be  met  with,  np  to  huge  precipitous  depressions,  a  mile  or 
more  in  diameter,  and  several  thousand  feet  in  depth.  In  the  crater  of 
an  active  volcano,  emitting  lava  and  scorite,  like  VesnviuB,  the  walls  are 
steep,  rugged  cliffs  of  searched  and  blasted  rock— red,  yellow,  and  Uaak. 
Where  the  material  erupted  is  only  loose  dust  and  lapilli,  the  sidee  of 
the  crater  are  slopes,  like  those  of  the  outside  of  the  cone. 

The  crater  bottom  of  an  active  volcano  of  the  first  claas,  when 
quiescent,  forms  a  rough  plain  dotted  over  with  hillocks  or  oones,  from 
many  of  which  steam  and  hot  vapours  are  ever  rising.  At  night,  the 
glowing  lava  may  be  seen  lying  in  these  vents,  or  in  fissures,  at  a  depth 
of  only  a  few  feet  Axim  the  surface.  Occasional  intermittent  eruptions 
take  place  and  miniature  cones  of  slag  and  scoriae  are  thrown  up.  In 
some  infltances,  as  in  the  vast  crater  of  Guiung  Tengger,  in  Java,  the 
crater  bottom  stretches  out  into  a  wide  level  wasle  of  volcanic  sand, 
driven  by  the  wind  into  dunes  like  those  of  the  African  deserts. 

A  volcano  commonly  possesses  one  chief  crater,  often  also  many  minor 
ones,  of  varying  or  of  nearly  equal  size.  The  volcano  of  the  Isle  of 
Bourbon  (or  Reunion)  has  three  craters.^  Not  infrequently  craters 
appear  suceessively,  owing  to  the  blocking  up 
of  the  pipe  below.  Thus  in  the  accompanying 
plan  of  the  volcanic  cone  of  the  island  of  Vol- 
canello  (Fig,  48),  one  of  the  Lipari  group,  the 
volcanic  funnel  has  shifted  its  position  twice, 
so  that  three  craters  have  successively  appeared 
upon  the  cone,  and  partially  overlap  each  other. 
It  may  be  from  this  cause  that  some  volcanic 
mountains  are  now  destitute  of  craten,  or  in 
other  cases,  because  the  lava  hss  welled  out  in 
>bo»LnaihrMiu«MsfveCrBi«n  dome  form  without  the  production  of  scorin. 
Mount  Ararat,  for  example,  is  said  to  have  no 
crater ;  but  so  late  as  the  year  1840  a  fissure  opened  on  its  side  whence 
a  considerable  eruption  took  place. 

Though  the  interior  of  modern  volcanic  cones  can  be  at  the  best 
but  very  partially  examined,  the  study  of  the  sites  of  long-extinct  cones, 

r'„P",I''*^*'"P?*  °^  volcftuio  cones,  see  J.  Milne,  Geol  Mag.  1878,  p,  339:  1879, 
p.  .m.  Vn  Iheir  donudation,  H.  J.  John gton-La vie.  Q.  J.  Geoi.  Sue-,  xl.  p.  lOS. 
17  i  j^  reP"iit  iDformtttion  rFgardiug  tliie  volcnnip  ialnad,  see  R,  von  Dnucho,  in 
^"Sf^,A.-£f"^'^"''-  '875,  p.  266,  uud  in  TsclierraakB  Jfin.  M.itteiV.  1873  (8), 
■";  ,.  ,  ."■'•v?-  ^'  ""''  '■'8  fo*  '!>'«  'nsel  He'imjon  (Bourbon),'  «o,  Vieons,  1878. 
»■  T'  iS^'P*.'^.  K<^'*«'<l"e  de  la  Prwqu-Ile  d'A.leii.  de  VHe  de  U  Beunion.  fa.' 
I'liriB,  nn,  1878 :  niid  b\s  work, '  Lp»  Volcaua,'  18P4. 
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laid  bare  after  denudation,  shows  that  subsidence  of  the  ground  has 
commonly  taken  place  at  and  round  a  vent.  Evidence  of  sul^idence  has 
also  been  observed  at  some  modem  volcanoes  (ante,  p.  216).  Theoreti- 
cally two  causes  may  be  assigned  for  this  structure.  In  the  first  place, 
the  mere  piling  up  of  a  huge  mass  of  material  round  a  given  centre 
tends  to  press  down  the  rock  underneath,  as  some  railway  embankments 
may  be  observed  to  have  done.  This  pressure  must  often  amount  to 
Beveral  hundred  tons  on  the  square  foot.  In  the  second  place,  the 
expulsion  of  volcanic  material  to  the  surface  must  leave  cavities  under- 
neath, into  which  the  overlying  crust  will  naturally  gravitate.  These 
two  causes  combined,  as  suggested  by  Mr.  Mallet,  afford  a  probable 
explanation  of  the  saucer-shaped  depressions  in  which  many  ancient  and 
some  modem  vents  appear  to  lie.^ 

The  following  are  the  more  important  types  of  volcanic  cones :  * — 

1.  Cones  of  Non-voloanio  Materials.— These  are  due  to  the  disoharge  of  steam 
or  other  aeriform  product  through  the  solid  cmst  without  the  emission  of  any  true  ashes 
or  lava.  The  materials  ejected  from  the  cavity  are  wholly,  or  almost  wholly,  parts  of 
the  fonoimding  rocks  through  which  the  volcanic  pipe  has  been  drilled.  Some  of  the 
eoDea  surrounding  the  crater-lakes  (maare)  of  the  Eifel  consist  chiefly  of  fragments  of 
the  underlying  Devonian  slates  (pp.  187,  198,  236). 

2.  Taff-Ck>ne8,  Cinder-Cones.— Sucessive  eruptions  of  floe  dust  and  stones, 
often  rendered  pasty  by  mixture  with  the  water  so  copiously  condensed  during  an 
eroption,  form  a  cone  in  which  the  materials  are  solidified  by  pressure  into  tuff.  Cones 
Dide  up  only  of  loose  cinders,  like  Monte  Nuovo  in  the  Bay  of  Baise,  often  arise  on  the 
flinks  or  round  the  roots  of  a  great  volcano,  as  happens  to  a  small  extent  on  Vesuvius, 
ind  on  a  larger  scale  upon  Etna.  They  likewise  occur  by  themselves  apart  from  any 
Uva-producing  volcano,  though  usually  they  afford  indications  that  columns  of  lava  have 
r»en  in  their  funnels,  and  even  now  and  then  that  this  lava  has  reached  the  surface. 

The  cones  of  the  Eifel  district  have  long  been  celebrated  for  their  wonderful  perfec- 
tion. Though  small  in  size,  they  exhibit  with  singular  clearness  many  of  the  leading 
features  of  volcanic  structure.  Those  of  Auvergne  are  likewise  exceedingly  instructive.* 
The  high  plateaux  of  Utah  are  dotted  with  hundreds  of  small  volcanic  cinder-cones, 
tbc'  lingular  positions  of  which,  close  to  the  edge  of  profound  river-gorges  and  on  the 
Qpthrow  side  of  faults,  have  already  (p.  191)  been  noticed.  Among  the  Oarboniferous 
Toloanic  rocks  of  central  Scotland  the  stumps  of  ancient  tuff-conc8,  frequently  with  a 
<*ntial  core  of  basalt,  or  with  dykes  and  veins  of  that  rock,  are  of  common  occurrence.* 

The  materials  of  a  tuff-cone  are  arranged  in  more  or  less  regularly  stratified  beds. 


*  ^lallet,  Q.  J.  Geol.  Soc.  xxxiii.  p.  740.  See  also  tho  account  of  "  Volcanic  Necks,** 
in  Book  IV.  Part  VII. 

*  Von  Seebach  {Z,  Deutsch.  Geol.  Ges.  xviii.  644)  distinguished  two  volcanic  types, 
ht,  Bedded  VoUanoeB  (Strato-Vulkane),  compose<l  of  successive  sheets  of  lava  and  tuffs, 
WHi  embracing  the  great  majority  of  volcanoes.  2nd,  Dome  VolcatweSy  forming  hills 
^^-inpcwed  of  homogeneous  protrusions  of  lava,  with  little  or  no  accompanying  fragmen- 
tary discharges,  without  craters  or  chimneys,  or  at  least  with  only  minor  examples  of 
th4;  volcanic  features.  He  believed  that  the  same  volcano  might  at  different  periods 
'!«  its  history  belong  to  one  or  other  of  these  types — the  determining  cause  being  tho 
latore  of  the  erupte<l  lava,  which,  in  the  case  of  the  dome  volcanoes,  is  less  fusible  and 
Jwwe  viscid  than  in  that  of  tho  bedded  volcanoes.    (See  above,  under  "  Lava-cones.*') 

*  For  Auvergne,  see  works  cited  on  p.  205.  For  the  Eifel,  consult  Hibbert,  *  History 
f'f  th*i  Extinct  Volcanoes  of  the  Basin  of  Neuwied  on  the  Lower  Rhine,  Edin.  1832. 
Von  Dechen,  *  Geognostischer  Fiihrer  zu  dcm  Laacher  See,*  Bonn,  1864.  *  Geognos- 
tucber  Fiilirer  in  das  Siebengebirge  nm  Rhein,*  Bonn,  1861. 

*  Tratu.  Boy.  Soc.  Edin.  xxix.^  p.  455.     See  poHea,  Book  IV.  Part  VII. 
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On  the  uuler  Biilf,  ihfj  dip  doim  the  slopea  ot  Ota  Moe  at  the  Bvenge  angle  oF  T^poae, 
whkh  may  range  bttveen  SO'  and  40*.  Fmn  the  mmmit  of  the  cmler  lip  th^ 
likewiae  dip  inwanl  lomiTd  the  cnter-bottotn  at  nmilar  anglee  of  Inclination  (Fig.  50). 
S.  Knd-eonaB  Teaemble  tiiff-«one*  in  Tona,  bnt  are  nmallj  imaller  in  iiize  and  lea 
■l«ep.  The;  are  pfodoced  b;  the  baidening  of  aoeeemite  outponringi  of  mud  bom  the 
orifice*  already  dneribed  (p.  SSI).    Li  the  Kgion  of  the  Lower  Indus,  where  they  are 


Fig.  M.— TkworibcTnS-coBCa^af  AiiTtT|lM,UkxnfrtiiiiUietop(ittluceaeiiidcnlciatPii;  Fuhni. 

abnndentlj  distribnted  ovet  an  area  of  1000  eqaare  miles,  Bome  of  them  attain  a,  height 
of  100  feet,  with  cntera  30  yarda  across.' 

4.  ItaTa-coneB. — Volcanic  cones  composed  entirely  of  lava  are  compatatiTely  taw, 
bnt  occur  in  Kme  younger  tertiaij  and  modern  volcanoos.    Foiiqnc  draoribet  the  la™ 


of  ISCG  cit  SBiit)riti  as  having  formed  n  dome-sliaped  elovation,  flowing  out  quietly  and 
ratiiilly  witlionl  pxploeions.  AfttT  Bereral  days,  Itowevor,  its  emission  was  nccompsnieJ 
with  po|iioiw  clisrliftrpeB  of  fragmonlory  materials  and  tlio  formation  of  sercral  crateri- 
fiirramnnlbs  on  (lie  t<ip  of  tlie  dome.     Where  lava  posseases  extreme  Itqaidity.  anJ 

'  Lyell, '  Prinoipleg,'  ii.  p.  77, 
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0  to  littlo  or  no  frftgrneubu?  niattar,  it  muy  build  np  a  loigr  couo 
jnplea  dcaciibed  b/  Danu  from  tlio  lluwuii  luliiniLi.'     Un  the  » 
SlaoDB  Loa  (Fig.  51).  a  flat  laTOHMne  13,7liO  Ibct  above  tlic  ka,  liiia  h  ciHtLT, 
it*  deepeit  port  is  about  8000  feot  bruul,  witli  vvrticul  wulla  of  slrutUiiiU 
l*Ta  riling  on  me  aide  to  a  height  of  7(t4  feet  above  tho  block  lavu-plftin 
of  tht)  orater-bottom.    From  the  edge*  of  tbis  elevated  cauldron,  the 
luaantain  ilope*  ontmiTd  at  an  angle  of  not  more  than  6°,  until  at  a  level 
of  about  10.000  foet  lowor,  ita  suifaoo  is  indented  by  tlie  vast  pit-cmtcr, 
Kilanea,  about  two  milca  long,  and  noiLily  a  mile  broiul.     Ho  low  lire  tho 
■nrroauding  ilopea  that  these  vast  craters  hnvu  been  compuxed  to  opou 
qimnlM  on  a  hill  or  moor.    The  bottom  of  Kilauoa  in  a  lava-plain,  dotted 
vttb  Uket  of  extremely  flniil  Uva  in  conataut  ubullitiou.    The  level  of 


aro  nwk  y  o.  ge 
■«.  e  h  gh  o  a 
he  a  uompanyiDg  ti 


Hj.  t: 


«  In  Kiluca  (Dun). 


ri-iiig  aWi:  Ihu  lower  pit  (j)  p')  were  found  to  be  342  feet  high,  thoeo 
kimdiDg  the  htsjlicr  tcmice  (o  »  n'  o')  were  650  fett  higli.  all  being  iwm- 
I"«ed  of  innumerable  buds  of  lava,  as  iu  Ldifb  of  htiatifled  rock*.  MupIi 
"I  rLe  hnttom  of  the  lower  lava-plain  lioa  been  ctualwl  ovt-r  by  the  soUdi- 
Oft.ij.n  of  the  moltin  rock.  But  large  area^  wliieh  shift  thoir  position 
fn*D  tiMU.-  to  timt-,  rtmaiu  in  perpetual  rapid  ebullition.  Tho  glowing 
M,  UB  it  boils  up  with  a  Suidity  more  like  that  of  water  than  wlLat  ii 
"Winnjiily  uliowii  by  molten  rock,  surgtB  against  tho  lorroundiug  twraco 
■Jit.  Larjfo  Btgmoula  of  tho  cliffu  undermined  by  the  fusion  of  tlicir 
la«!,  lall  at  iiiti.'r%-ahi  into  tho  flery  waves  and  are  eoou  melted.     Bccvut 


'  In  WUk«'s  Btport  of  V.  S.  Exploriny  t'^rpcdHiaa,  1838-*i     See  the  wotka  cited 
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obeerratioiK  by  Captua  Dnttou  poiut  to  a  dimintition  of  the  oetiTitj  of  thia  h 

In  Iceland,  uid  in  the  Weatem  Tenitorica  of  North  Ameriou,  low  dtmcfl  of  1>t>  *W>ta 

to  mark  the  veats  fioiii  which  cxteuaivo  baeelt'floods  htiTe  issued. 

Wheie  the  lava  asaumea  a  more  viscid  character,  dome-shaped  eminencea  nwy  bs 
ptotnided.  As  the  mass  iDcreaaes  in  aize  bj  the  advent  of  iVeah  material  iiijeoted  ban 
below,  the  outer  layer  will  be  puabed  outward,  and  Bucoeaaive  ahelb  will  in  like  mumar 
be  enlarged  a*  the  eniptiou  adranoea.  On  the  oeaiation  of  diachargea,  we  maj  conoeim 
that  a  volcanic  hill  formed  in  thia  way  will  preaent  an  onion-like  anangement  of  its 
component  aheeta  of  rock.  Hote  or  leea  perfect  examplea  of  thIa  atraetaie  havo  bean 
observed  in  Bohemia,  Aavergne,  and  the  Eifel.' 

5.  ConraofTuffaiidliaTft.— Thia  ia  by  far  the  moat  abundant  type  of  voloanie 
atruotuio,  and  inclndeB  the  great  voloanoea  of  the  globe  Beginnug,  perfaapa,  aa  men 
tuff-eonee,  these  emmenoea  have  giadoally  been  bnilt  np  by  aucoeaaiTe  on^nringa  of 
lava  &om  diiferent  aides,  and  b/  ahowera  of  dnat  and  accoin.  At  flnt,  tha  Uva,  If  tlte 
aidei  of  the  cone  are  stropg  enough  to  reaiit  its  preaniie  may  rue  nntil  it  tnerflowi 


-^.- 

■■  ^ 

1^  * 

^^ 

r/  ^'f^jT^W^^ 

KV^ 

t1g.  H.— Flu  ot  the  summit  of  tha  Piak  of  TenmUft,  showing  tlie  Urge  enter  tad  mlnot  ana. 

from  ttie  crater.  Snbeeqnently,  as  the  funnel  becomes  choked  up,  and  the  cona  ia 
shattered  by  repeated  eiploaioQS,  the  lava  finds  egreea  from  different  flaaorca  and 
npeninga  on  the  cone.  Aa  the  mountain  increaaes  in  height,  the  unmber  of  lava- 
curronla  from  its  summit  will  usually  decrease.  Indeed,  the  taller  a  volcanio  oooe 
growB,  the  leas  freqaently  as  a  rule  does  it  erupt.  The  lofty  volcanoes  of  the  Andea 
liaTB  each  seldom  been  mora  than  once  in  eraption  daring  a  century.  The  peak  of 
Teneriffe  (Fig.  54)  waa  three  times  active  during  370  years  prior  to  1798.  The  earlier 
efforts  of  a  volcano  tend  to  increase  iU  height,  as  well  as  its  breadth ;  the  later 
eruptions  chiefly  augment  the  breadth,  and  are  often  apt  to  diminish  the  height  by 
blowing  away  the  upper  pact  of  the  oone.    The  formation  of  fissures  and  the  oonseqnent 

'  E.  Reycr  {Jakrh.  Geo!.  Seiefu.  1879,  p.  463J  lias  oipcrimentnUy  imitated  the 
prooeas  ot  eitrusion  bv  forcing  up  piaster  of  Paris  tlirough  a  hole  in  a  board.  Vat 
drawings  of  the  Puy  de  Barcouv  and  other  dome-shaped  hills  which  presumably  btm 
had  this  mode  of  origin,  see  Scrope'a  'Geology  and  Extinct  Volcunoea  of  (jential 
Fmnce.'  Refer  also  to  the  remarks  already  made  on  the  liquidity  of  lava  lanU, 
pp.  207-209),  and  the  account  of  "  Vulkanische  Kuppen,"  poitea,  p.  238. 
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k  network  of  Uvs-djke*,  tend  to  bind  the  fitunework  of  tbe  volcano  and 
tnngOMn  ft  againit  labaequent  eiplosioQs.  lu  thia  yraj,  a  kind  of  oaoillatioii  ia 
litabliiLed  in  the  fonn  of  the  cone,  pcrioda  of  crater«rnptioiu  being  anucceded  by 
ttben  wheD  the  emiadou  lake  plaoe  only  lattjmlly  (ante,  p.  I9G). 

One  oonaeqnencc  of  lateial  eniption  ia  the  fonuation  of  minor  parasitic  cones  on  the 
Hanks  of  the  parent  volcano  (p-  180).  Those  oo  Etna,  more  than  200  iu  number,  tun 
rMUjf  ndnlatnte  valoaoow,  Mme  of  them  reaching  a  height  of  700  feet-  Aa  tho  lateral 
«aili  cBOoewTely  become  extinct,  tho  cones  are  buried  under  aheeta  of  lava  and  ahowcra 
ei  (Ubria  thrown  ont  troiu  younger  oponings  or  from  the  parent  cone. 
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%«il  that  the  original  fnnnci  U  dianavd,  and  that  the  eruptions  of  the  i-olcano  tako 
!**»  faua  a  newer  main  vent.  Vesavius,  for  eiample  (as  shown  in  Fig.  56),  atunda  on 
^  "le  of  a  portion  of  the  rira  of  the  wore  uuoicnt  und  much  larger  vent  of  Monte 
*»»«.  The  presort  crater  ot  Etna  lies  to  tho  nortli-wi-st  of  tho  furmer  vaster  crater. 
""  pretty  litUe  eiample  of  thU  shilling  furnishod  by  Volcanello  haa  been  already 
'Wi<:«d(p,22e>  .^       . 

Wlile,lliefefore.a  volcano,  aud  wore  particularly  one  of  great  aize  throwing  ou 
•**  bmt  and  fraginentary  materials,  is  liable  to  contiuoal  modiflmticm  of  its  external 


232 


DTNAMICAL    GEOIOOT.  [B««  in.-PABT  I. 


tbnn,  M  tlie  Ttealt  <a  «iicceiid*<i  eraptionB,  ita  coDtonr  ii  likewiM  OMotllj  ezpoaad  to 
exl«iiBiTi)  allemtion  by  the  effects  of  oidinvj  atmcBpherio  erodca,  u  wdl  M  from 
the  condcDBation  of  the  Tolcuiia  Tuponn.  Heaxy  and  mddeD 
floodi,  produced  by  the  mpid  nmbll  eottBeqveiit  upon  m 
copions  digcharge  of  ateun,  mah  down  the  ilopea  with  andi 
Tcdmne  and  force  u  to  rut  deep  galliea  in  the  looas  or  onlj 
partiallf  coiualklated  tuffg  nnd  Mwrin.  Ordinuy  rain  oon- 
tinnea  the  erosion  nntS  the  onter  alopeo,  nnleaa  occanctuUf 
Teuewed  by  tteth  ahowen  of  detritiu,  aaiQine  k  ctukKulf  fnt- 
rowed  aapect,  like  a  half-opened  umbrella,  the  ridgn  htiag 
aepusled  bj  fanoiTi  that  narrow  upwards  towaida  the  nimmit 
□f  the  cone.  The  outer  declivitiea  of  Monte  Bonuna  allbid  an 
excellent  iUnitratian  of  this  form  of  rarfiuw,  the  nnmenHU 
rsTinea  on  that  aide  of  the  mountain  presenting  inatmcKvo 
(WctionB  of  the  pre-hiatoric  Uvaa  and  tnfb  of  the  earlier  aod 
mora  important  period  ia  the  hiitory  of  thia  Toloano.'  Similar 
trenehea  have  been  eroded  on  Uie  aoathani  or  VeaoTian  cida 
of  Uie  ori^nal  cone,  bat  these  bave  in  great  meaanre  been 
filled  up  by  the  lavaa  of  the  yonnger  mountain.  The  raTinea, 
in  &et,  fiiim  natnral  channela  for  the  lara,  aa  may  nnforto- 
nately  be  aeen  round  the  YeauTiau  obaerratory.  Thia  bidlding 
ia  placed  on  one  of  tbe  ridget  between  two  deep  larlnet ;  bat 
the  laTaratreams  of  recent  yeaie  have  poored  into  time  raTioee 
on  either  ride,  and  are  mpUly  filling  them  np. 

Submarine  Voloanoea. — It  ia  not  only  on  the 
sorfaoe  of  the  land  that  voloanio  action   BhowB 
itaelf.    It  takes  place  likewiae  nnder  the  aea,  and 
as  the  geological  records  of  the  earth's  past  history 
are  chiefly  marina  formationa,  the  oharaoteristics  of 
submarine  volcanio  action  have  no  small  interest  fbr 
the  geologist.    In  a  few  instances,  the  actual  out- 
break of  a  submarine  eruption  has  been  witneaeed. 
Thus,  in  the  early  summer  of  1783,  a  volcanic  emp- 
-3%  "     tion  took  place  about  thirty  miles  from  Gape  Bey- 
||e     kjanaea  on  the  west  coast  of  Iceland.    An  island 
"I  °     was  built  up,  ftx)m  which  fire  and  smoke  oontloned 
||.s     to  issue,  but  in  leas  than  a  year  the  waves  had 
1^1     washed  the  looae  pnmice  away,  leaving  a  submerged 
^||     reef  &om  five  to  thirty  fathoms  below  sea-level. 
fe|=     About  a  month  after  this  eruption,  the  Irightfal 
i^.l     outbreak   of  Skaptar  Jiikull,  already  (p.  207)  re- 
^■■^     ferred  to,  began,  the  distance  of  this  mountain 
||iE     from  the  submarine  vent  being  nearly  200  miles.* 
|lg    A  century  afterwards,  riz.,  in  July  188i,  another 
J  g^    volcanic  island  is  said  to  have  been  thrown  up  near 
|Sl     the  Bamo  spot,  having  at  first  the  form  of  a  llat- 
ot|     tened  cone,  but  soon  yielding  to  the  power  of  the 
||2    breakers.    Again,  in  the  year  1831,  a  new  volcanic 
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inland  (Qraham'u  Liland,  lie  Julia)  was  tlirown  up,  with  abundant  diu- 
cbargo  of  steam  and  showers  of  Hcoriro,  between  Sicily  and  the  coaut 
of  Africa.  It  reached  an  eitremo  height  of  200  feet  or  more  above  the 
sea-level  (800  feet  above  Bea-bottom)  wtli  a  circumference  of  if  uiilea, 
but  on  the  cessation  of  the  eruptions,  vma  attacked  by  the  waves  and 
soon  demolished,  leaving  only  a  ehoal  to  mark  itx  Bite'  In  tlio  year 
1811,  another  island  wan  formed  by  eubmarine  eruption  off  the  coaut 
uf  St.  Michael's  in  the  Azores  (Fig.  57).  ConsiHting,  like  thu  Meditei- 
mnean  example,  of  loose  cinderB,  it  rose  to  a  height  of  about  iJOQ  feet, 
with  a  circumference  of  about  a  mile,  but  bubse^uontly  disappeared.'-' 
In  the  year  1796  the  island  of  Johanna  Bogoslawa,  in  Alaska,  appeared 


i\  ST.— Sketcb  of  nbcurir 


*boTe  the  water,  and  iu  four  years  had  grown  iuto  a  lurge  vok-Hnic 
ti«e,  the  summit  of  which  was  3000  feet  above  sea-level.^ 

Unfortunately,  the  phcnoniena  of  recent  volcanic  ei-uptions  under 
""  eeji  are  for  the  most  part  inaccessible.  Hcru  and  there,  as  in  thu 
"J  of  Naples,  at  Etna,  among  the  inlands  of  the  Greek  Archipelago, 
*iiJ  at  Tahiti,  elevation  of  tlie  oea-Lcd  has  taken  place,  and  brought  lg 
tie  mrface  beds  of  tuff  or  of  lava  which  have  consolidated  nnder  water. 
T'-'fi  VesDvins  and  Etna  began  their  career  aw  Kulnnarini,'  volcanoes.' 

■  JU  Trav.  IWti.  Couxluiit  FnivuBt,  A.-h.  <le»  »:/.  -Vcif.  ixiv.  Mc,».  S.^.  (Jo,l. 
/'""*'■  U. p. Bi.  Mcn.a!li'B  'Vulcani,  &v.' i>.  117,  wlwHjotbermibniarino  truirtiwiB  in 
±»  o  M^tattama  uru  notlcal. 

,    *  1«  Bectiu,  ■  Geological  OlmiTvur,"  ii.  7U. 


'   J-  fVbtt,  deoJ.  3Iay.  vii.  p.  323. 

'    ***»iMgard«Etn«,'DerAetii»,'ii.  p.  827. 
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It  will  be  Koen  from  tho  aooom- 
IHiuying  chart  (Fig.   58),  tlint 


Fig.  BK.— Uip  of  [■nlBllr-folmiMgcd  VDktaoor 
r.  Ulkn 

tbc  dotted  Unr  nwrtLj 

IbelMbilbointlLui'. 

Ihc  islands  of  Santorin  and  Tho- 
inwia  form  Ihe  imflubmerged  por- 
tioiiB  of  a  ^ruat  crater-rim  rising 
round  a  cintcr  which  dcsccndM 
1271?  fi'Ct  below  Bea-level.  The 
lUHteriald  of  these  islands  oousist 
of  a  nucIeuH  of  marbles  and 
schists,  nearly  buried  nnder  a 
pile  of  tiiffs  (trass),  scorite  and 
Eheeta  of  lava,  the  bedded  cha- 
racter of  which  IB  well  shown 
in  the  accompanying  sketch  by 
Admiral  Spratt  (Fig.  59),  who, 
with  tho  late  ProfeHaor  Edward 
Forbes,  ozamined  the  geology  of 
lliiu  interesting  district  in  1841. 
They  found  sonic  of  the  tafis  to 
contain  marine  Hhells  and  thiu 
to  bear  witDeaa  to  ao  elevation 
of  the  aea-floor  since  Toloanio 
aotim  began.  More  reoentlr 
the  ialMidB  have  been  cftrefolly 
ttodifld    by    vaiioiu   ofaaerron 
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E.  von  Fritsch  has  found  recent  marine  Bliellti  in  many  places  np  to 
heights  of  nearly  600  feet  above  the  sea.  The  etraia  containing  these 
remains  he  estimates  to  be  at  leaet  100  to  120  metres  thick,  and  he 
remarks  that  in  every  case  he  found  them  to  consist  essentially  of  vol- 
canto  debris  and  to  rest  upon  volcanio  rocks.  It  is  evident,  therefore, 
that  these  ahell-bearinf;  tafb  were  originally  deposited  on  the  sea-flooi- 
after  volcanic  action  had  begun  here,  and  that  during  later  times  they 
were  upraised,  together  with  the  submarino  lavas  aesociatod  with  them.' 
Fouque  concludes  that  the  volcano  formed  at  one  time  a  large  island 
with  wooded  slopes,  and  a  somewhat  civilised  human  population,  culti- 
vating a  fertile  valley  in  the  Bouth-westem  district,  and  that  in  pre- 
historic times  the  tremendous  explosion  occurred  whereby  the  centre  of 
the  island  was  blown  out. 

The  similarity  of  the  structure  of  Santorin  to  that  of  Sonima  and  Etna 
is  obvious.  Volcanic  action  still  continues  there,  though  on  a  diminished 
ncale.  In  1866-67  an  eruption  took  place  on  Neo  Eaimeni,  one  of  the 
later-formed  islets  in  the  centre  of  the  old  crater,  and  greatly  added  to 
its  area  and  height.  The  recent  eruptions  of  tjantorin,  which  have  been 
■tudied  in  great  detail,  are  specially  interesting  from  the  additional 
information  they  have  supplied  as  to  the  nature  of  volcanio  vapours  and 
gues.  Among  these,  as  already  stated  (p.  183),  free  hydrogen  plays 
u  important  part,  constitnting,  at  the  foons  of  discharge,  thirty  per 
cent,  of  the  whole.  By  their  eruption  under  water,  the  mingling  of 
tlKw  gases  with  atmospheric  air  and  the  combustion  of  the  inflammable 
cuDpounds  is  there  prevented,  so  that  the  gasLous  dischai'gcs  can  bo 
collected  and  analysed.  Probably  weio 
upwations  of  this  kind  more  practicable 
■t  terrestrial  volcanoes,  free  hydrogen 
»iid  its  comi)ounds  would  be  more 
abundantly  detected  than  has  hitherto 
been  possible. 

The  numerous  volcanoes  which  dot 
the  Pacific  Ocean,  probably  in  moEt  Cdaeii 
legui  their  career  as  submarine  \euts 
their  eventual  appearance  as  subaerial 
oaaet  being  mainly  due  to  the  accumu 
btion  of  empted  material,  but  also  par- 
tislly,  as  in  the  case  of  Sautoriu,  to 
ictnal  uphtu-ial  of  the  sea-bottom.  Tho  i-'k  m.— ^■"iejiuii|er.iiT..t>i.  i-^u]  m-i»i. 
Itmily  island  of  St.  Paul  (Figs.  60  and 

lllii.  iniiy  in  the  Indian  Ocean  more  than  20iJ0  niiku  from  th..-  i.c-aicsl 
Uh'I,  is  a  notable  example  of  the  summit   of  a  volcani':   inuuniiiiu 

'  See  Fritwb,  Z  DtmUek.  <hoL  G,:'.  niii.  (1871)  pp.  li">-21».  TIi.  <d.«.i  ■^.l..|.^;^. 
unl -lnbunW  wnitk  ii  Foaque'*  moDograph  (alri'tuly  cittnl).  'Siint>-riii  i-l  au  Kriiplniir.' 
I'lTji,  t1<>.  I88l>,  when  m^oiu  Boalywd  of  rocke,  miiiL-tuIii, uurl  fWHUu,  I'luuiuirjiir. 

I'iiiiii'cniibT  of  the  loealitT  *iU  be  Ibimd.  Compare  C.  Docltvr  ou  tlit  KiLki  IttituLt. 
l)'rJ..rh.  .ttirf.  irbMiMdL  Vienna,  xxitL  p.  HI. 
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rising  to  the  sea-level  in  mid-ocean.  Its  cironlar  crater,  broken 
down  on  the  north-east  side,  is  filled  with  water,  having  a  depth  of 
30  fathoms.^ 

Eecent  observations  by  K.  von  Drasche  have  shown  that  at  Bourbon 
(Reunion),  during  the  early  submarine  eruptions  of  that  volcano,  coarBely 
crystalline  rocks  (gabbro)  were  emitted,  that  these  were  succeeded  by 
andesitio  and  trachytic  lavas :  but  that  when  the  vent  rose  above  the 
sea,  basalts  were  poured  out.^  It  is  interesting  to  find  that  the  order  of 
appearance  of  the  lavas  in  a  submarine  volcano  so  closely  reeemblee  that 
generally  noticed  in  terrestrial  volcanic  districts.  Fouqu6  observes  that 
at  Santorin  some  of  the  early  submarine  lavas  are  identioal  with  those 
of  later  subaerial  origin,  but  that  the  greater  part  of  them  belong  to  an 
entirely  different  series,  being  acid  rocks,  belonging  to  the  group  of 
hornblende-andesites,  while  the  subaerial  rocks  are  augite-andesites. 
The  acidity  of  these  lavas  has  been  largely  increased  by  the  infoBion 
into  them  of  much  silica,  chiefiy  in  the  form  of  opal.  They  differ  much 
in  aspect,  being  sometimes  compact,  scoriaoeous,  hard,  like  millstcme, 
with  perlitic  and  spherulitic  structures,  while  they  frequently  present 
the  characters  of  trass  impregnated  with  opal  and  zeolites.  Among  the 
fragmontal  ejections  there  occur  blocks  of  schist  and  granitoid  rooks, 
probably  representing  the  materials  below  the  sea-floor  through  whioh 
the  first  explosion  took  place  (pp.  187, 198, 227).  During  the  eruption  of 
1866,  some  islets  of  lava  rose  above  the  sea  in  the  middle  of  the  bay,  near 
the  active  vent.  The  rock  in  these  cases  was  compact,  vitreous,  and 
much  cracked.^ 

Among  submarine  volcanic  formations,  the  tuffs  differ  from  those  laid 
down  ou  land  chiefly  in  their  organic  contents ;  but  partly  also  in  their 
more  distinct  and  originally  less  inclined  bedding,  and  in  their  tendency 
to  the  admixture  of  non-volcanic  or  ordinary  mechanical  sediment  widi 
the  volcanic  dust  and  stones.  No  appreciable  difference  either  in  ex- 
ternal aspect  or  in  internal  structure  seems  yet  to  have  been  established 
between  subaerial  and  submarine  lavas.  Some  undoubtedly  submarine 
lavas  are  highly  scoriaoeous.  There  is  no  rettson,  indeed,  why  slaggy 
lava  and  loose,  non-buoj^ant  scoriae  should  not  accumulate  under  the 
pressure  of  a  deep  column  of  the  ocean.  At  the  Hawaii  Islands,  on  25th 
February,  1877,  masses  of  pumice,  during  a  submarine  volcanic  explosion, 
were  ejected  to  the  surface,  one  of  which  struck  the  bottom  of  a  boat 

^  For  a  general  account  of  the  volcanic  islands  of  the  ocean,  see  Darwin's  ^  Volcanic 
Islands/  2nd  edit.  1876.  For  the  Philippine  volcanoes,  see  R.  von  Drasche,  TtchermaJ^s 
Mineraloguiche  Mittheil.  1876;  Souiper's  *  Die  Philippinen  und  ihre  Bewohner,' Wiirz- 
burg,  18(>9.  For  the  Kurile  Islands,  J.  Milne,  Geol.  Mag,  1879, 1880,  1881 ;  Yolcanoett 
of  Bay  of  Bengal  (Barren  Island,  &c.),  V.  Ball,  Geol.  Mag.  1879,  p.  16;  St.  Piwil 
(Indian  Ocean),  C.  Velain,  Assoc.  Fran.  1875,  p.  581 ;  also  his  *  Description  g^logique 
de  la  Presquilo  d'Aden,*  &c.,  4to,  Paris,  1878:  and  *Les  Volcans,*  1884.  For  Isle  of 
Bourbon,  see  authorities  cited  on  p.  226,  and  for  the  Sandwich  Islands,  the  references 
ou  p.  192. 

^  Tschermak's  MinercUogische  Mitthtil.  1876,  pp.  42, 157.  A  similar  straotoie  oocun 
at  Palma.    Ck>hen,  Neues  Jdhrh  1879,  p.  482. 

'  Fouque,  *  Santorin/ 
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■with  oonndenble  violence  and  then  floated.  When  we  reflect,  indeed, 
to  what  R  oondderaHe  extent  the  bottom  of  the  great  ocean-baeinB  ia 
dotted  over  with  volcanic  cones,  rising  often  solitary  from  profound 
depths,  we  can  believe  that  a  Urge  proportion  of  the  actual  eruptions  in 
ooeanio  areas  may  take  place  under  the  sea.  The  immense  abnndance 
and  wide  diffusion  of  vokanic  detritua  (including  blocks  of  pumice)  over 


flf.  *!.— Vlewof  the  P«k  a(  Teiurlffo  ind 


the  bottom  of  the  Pacific  and  Atlantic  ooeans,  even  at  distances  remote 
from  land,  as  made  known  by  the  voyage  of  the  Challenger,  doubtless 
indicate  the  prevalence  and  persifitence  of  submarine  volcanic  action, 
even  though,  at  the  same  time,  an  extensive  diffasion  of  volcanic  debris 
from  the  islands  is  admitted  to  be  effected  by  -winds  and  ocean-en  rrents. 
Tolcanic  islands,  nnless  continually  augment«d  by  renewed  eruptions, 
are  attacked  by  the  waves  and  cut  down.     Graham's  Island  and  the 


Fig.  •».— View  of  «.  Pinl  Ilium,  lodlu  Ooein,  from  lbs  e»rt  (Cipt.  I 
■,  Nlne^nln  Ruck.  ■  itack  of  hinter  rock  left  bf  the  ki;  fr,  cn1nn«  lo  < 

Clin  ninpoHd  Df  btddcd  Tslunlc  nulFrilli  dtjiplni  Uiwird-i  thr  Mum.  uia  maca  •'rmmi  HI  luE  iiiKuer 
•od  (e)  by  w»w«  «ml  siihteilil  wMt ;/,  iBiiihpm  point  of  the  Mnnd.  11kf«l"ocii[aitoY  loioa  rliff. 

other  examples  above  cited  show  how  rapid  this  disappearance  may 
be.  The  island  of  Volcano  has  tho  base  of  its  slopes  truncated  by  a  line 
of  cliff  due  to  marine  erosion.  The  island  of  Teneriffe  ehowa,  in  the 
same  way,  that  the  sea  is  cutting  back  the  land  towards  the  great  cone 
fPig.  61).    The  island  of  St.  Paul  (Figs.  60,  62)  brings  before  us  in  a 
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more  impressive  way  the  tendency  of  volcanic  islands  to  be  destroyed 
unless  replenished  by  continual  additions  to  their  surface.  At  St. 
Helena  lofty  cliffs  of  volcanic  rocks  1000  to  2000  feet  high  bear  witness 
to  the  enormous  denudation  whereby  masses  of  basalt  two  or  three  miles 
long,  one  or  two  miles  broad,  and  1000  to  2000  feet  thick,  have  been 
entirely  removed.^ 

ii.  Fissure  {McLSsive)  Eruptions, 

Under  the  head  of  massive  or  homogeneous  volcanoes  some  geologists 
have  included  a  great  number  of  bosses  or  dome-like  projections  of  onoe- 
melted  rock  which,  in  regions  of  extinct  volcanoes,  rise  oonspicnously 
above  the  surface  without  any  visible  trace  of  oones  or  craters  of 
fragmentary  material.  They  are  usually  regarded  as  protrusions  of 
lava,  which,  like  the  Puy  de  Dome  in  Auvergne,  assumed  a  dome-form 
at  the  surface  without  spreading  out  in  sheets  over  the  surrounding 
country,  and  with  no  accompanying  fragmentary  discharges.  But  the 
mere  absence  of  ashes  and  scoriae  is  no  proof  that  these  did  not  once 
exist,  or  that  the  present  knob  or  boss  of  lava  may  not  originally  have 
solidified  within  a  cone  of  tuff  which  has  been  subsequently  removed  in 
denudation.  The  extent  to  which  the  surface  of  the  ground  has  been 
changed  by  ordinary  atmospheric  waste,  and  the  comparative  ease  with 
which  loose  volcanic  dust  and  cinders  might  have  been  entirely  removed, 
require  to  be  considered.  Hence,  though  the  ordinary  explanation  is  no 
doubt  in  some  cases  correct,  it  may  be  doubted  whether  a  large  propor- 
tion of  the  examples  cited  from  the  Bhine,  Bohemia,  Hungary,  and 
other  regions,  ought  not  rather  to  be  regarded  as  the  remaining  roots 
of  true  volcanic  cones,  like  the  "  necks "  so  abundant  in  the  anoient 
volcanic  districts  of  Britain  (Book  IV.  Part  VII.).  If  the  tuff  of  a 
cone,  up  the  funnel  of  which  lava  rose  and  solidified,  were  swept  away, 
we  should  find  a  central  lava  plug  or  core  resembling  the  volcanic 
"  heads  "  (yulkanische  Kuppen)  of  Germany.  Unquestionably,  lava  has 
in  innumerable  instances  risen  in  this  way  within  cones  of  tuff  or 
cinders,  partially  filling  them  without  flowing  out  into  the  surrounding 
country.^ 

But  while,  on  either  explanation  of  their  origin,  these  volcanic 
"heads"  find  their  analogues  in  the  emissions  of  lava  in  modem 
volcanoes,  there  are  numerous  cases  in  old  volcanic  areas  whero  the 
eruptions,  so  far  as  can  now  be  judged,  were  not  attended  with  the 
production  of  any  central  dome,  cone  or  crater.  In  former  geological 
ages,  and  perhaps  even  in  the  existing  period,^  extensive  eruptions  of 
lava,  without  the  accompaniment  of  scoriae,  with  hardly  any  fragmentary 

'  Darwin,  *  Volcanic  lalanda,*  p.  104.  For  a  more  detailed  account  of  this  island, 
see  J.  C.  Melliss*  *  St.  Helena,'  London,  1875. 

«  Von  Seobach,  Z.  Deutseli.  Geol  Qtf.  xviii.  p.  643.  F.  von  Hochstetter,  Neue$  Jahrb, 
1871,  p.  469.    Reyer,  Jahrb.  K.  K.  Geol,  Beichmrat^iU,  1878,  p.  81 ;  1879,  p.  468. 

'  oome  of  the  modem  lava-floods  of  Iceland  may  possibly  be  examples  of  the 
structure  above  described.  See  W.  L.  Watts*  "  Across  the  Vatna  Jokull,"  Proo,  Bov. 
Geog.Soc.  1876.  H.  Thoroddsen,  Oeol  Mag.  1880,  p.  458;  Nature,  Oct  1884.  QeoL 
Fdren.  Stochholm  F&rhand.  vii.  (1884)  p.  148.    W.  G.  Lock,  Oeol.  Mag.  1881,  p.  212. 
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materlkU,  and  Trith,  at  the  most,  onl;  low,  dome-Bhaped  cones  at  the 
pointa  of  emieaion,  have  taken  place  over  wide  areas  from  scattered 
Tents,  along  lines  or  systems  of  fiseurea.  Vast  sheets  of  lava  havo 
in  this  manner  been  poured  out  to  a  depth  of  many  hundred  feet, 
completely  burying  the  preTions  surface  of  the  land  and  forming  wide 
plains  or  plateaux.  These  truly  "massive  eruptions"  have  been  held 
by  Bichthofen  *  and  others  to  represent  the  grand  fundamental  cha- 
racter of  vnlcsnism,  ordinary  volcanic  cones  being  regarded  merely  as 
parasitic  excrescences  on  the  subterranean  lava-reservgiix,  verj'  much  in 
the  relation  of  minor  cinder  cones  to  their  parent  volcano.^ 

Though  a  description  of  these  old  fissure  or  massive -eruptions 
cmght  properly  to  be  included  in  Book  IV„  the  subject  is  so  closely 
connected  with  the  dynamics  of  existing  active  volcanoes  that  an 


FI«.  U.— view  0  tbegn 


Mcouut  of  the  inhject  may  be  given  hero.  Perhaps  the  rooDt  MtiijH.-udiii 
aumple  of  this  fype  of  volcanic  structure  occurs  in  woHti;ru  Nurl 
Amerioa.  The  extent  of  country  which  has  been  flooded  witli  litmu 
inOragon,  Washington,  California,  Idaho  and  Montana  lias  wA  \i-i  l"->- 
Mtnntsly  anrveyed,  but  has  been  estimated  to  cover  alur^iK' 11I>:^^  liia 
^nsoe  and  Great  Britain  combined,  with  a  thiclcneai  averugiji;'  'i'l'i'i  m 
fwliins;  in  «ome  places  to  3700  feet.^  The  Snake  Hivti  ]>iuM.  ...  I...,. 
lH;;.ti3)  fonuspartof  this  lava-flood.  Surroundc<l(>ii  tin- imiiii  .m  -  ...i 
livl-ftymonntoiiiB,  it  stretches  westward  as  an  app-m.-iifly  l«l•lrl.ll.;.-^..^„., 

■  -uid  and  bare  sheets  of  black  basalt.    A  few  BlMrnuii-  u."-  > 

tli^  lilsin  gtHD  the  hills,  are  soon  swallowed  nj'  mi-''-   •«- 


'  IVmu.  Aeai.  Bet.  California,  l>-(iS. 

'  JVoa  Ay.  Ptft.  8m.  Edin.  v.  730.  .Vu(». 

■  J.  LeOonte.    Amtr.  Jbnm.  Sei.  3rd  i«r  t 
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Eiver,  however,  flows  across  it,  and  has  cut  out  of  its  lava-beda  a  Beiiei 
of  picturesque  gorges  and  rapids.  Looked  at  from  any  point  on.  iti 
surface,  it  appears  as  a  vast  leyel  plain  like  that  of  a  lake-bottom 
though  more  detailed  examination  may  detect  a  slope  in  one  or  man 
directions,  and  may  thereby  obtain  evidence  as  to  the  sites  of  the  ohie 
openings  from  which  the  basalt  was  poured  forth.  The  unifonnit] 
of  surface  has  been  produced  either  by  the  lava  rolling  over  a  plaii 
or  lake-bottom,  or  by  the  complete  effacement  of  an  original  and  nndn 
lating  contour  of  the  ground  under  hundreds  of  feet  of  volcanic  rook  ii 
successive  sheets.  The  lava  rolling  up  to  the  base  of  the  mountains  hai 
followed  the  sinuosities  of  their  margin,  as  the  waters  of  a  lake  fbllon 
its  promontories  and  bays.  The  author  crossed  the  Snake  Biver  plaii 
in  1879,  and  likewise  rode  for  many  miles  along  its  northern  edge.  Hi 
found  the  surface  to  be  everywhere  marked  with  low  hummocks  oi 
ridges  of  bare  black  basalt,  the  surfaces  of  which  exhibited  a  reticulatec 
pavement  of  the  ends  of  columns.  In  some  places,  there  was  a  per 
ceptible  tendency  in  these  ridges  to  range  themselves  in  one  genera 
north-easterly  direction,  when  they  might  be  likened  to  a  series  of  long 
low  waves,  or  ground-swells.  In  many  instances  the  crest  of  eaci 
ridge  hAd  cracked  open  into  a  long  fissure  which  presented  along  iti 
walls  a  series  of  tolerably  symmetrical  columns  (Fig,  63).  That  these 
ridges  were  original  undulations  of  the  lava,  and  had  not  been  prodnoec 
by  erosion,  was  indicated  by  the  fact  that  the  columns  were  perpendicnla] 
to  them,  and  changed  in  direction  according  to  the  form  of  the  groimc 
which  was  the  original  cooling  surface  of  the  lava.  Though  the  basali 
was  sometimes  vesicular,  no  layers  of  slag  or  scoriee  were  anywhen 
observed,  nor  did  the  surfaces  of  the  ridges  exhibit  any  specially  scori- 
form  character. 

There  are  no  great  cones  whence  this  enormous  flood  of  basalt  could 
have  flowed.  It  probably  escaped  from  many  fissures  still  concealed 
under  the  sheets  which  issued  from  them,  the  points  of  escape  being 
marked  only  by  such  low  domes  as  could  readily  bo  buried  under  the 
succeeding  eruptions  from  other  vents.  That  it  was  not  the  resnll 
of  one  sudden  outpouring  of  rock  is  shown  by  the  distinct  bedding  oi 
the  basalt,  which  is  well  marked  along  the  river  ravines.  It  arose  from 
what  may  have  been,  on  the  whole,  a  continuous  though  locally  inter 
mittent  welling-out  of  lava,  probably  from  many  fissures  extending 
over  a  wide  tract  of  Western  America  during  a  late  Tertiary  period,  if 
indeed,  the  eruptions  did  not  partly  come  within  the  time  of  the 
human  occupation  of  the  continent.  The  discharge  of  lava  continued 
until  the  previous  topography  was  buried  under  some  2000  feet  of  lava 
only  the  higher  summits  still  projecting  above  the  volcanic  flood.^  At  8 
few  points  on  the  plain  and  on  its  northern  margin,  the  author  observed 
some  small  cinder  cones  (Fig.  63).  These  were  evidently  formed 
during  the  closing  stages  of  volcanic  action,  and  may  be  compared  to  th< 

'  Professor  J.  LeConte  believes  that  the  chief  fissures  opened  in  the  Cascade  anc 
Blue  Mountain  ranges.    Amer.  Journ.  Set.  3rd  series,  vii.  (1874),  p.  168. 
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minor  oones  on  a  modem  voloano,  or  better,  to  those  on  the  surface  of  a 
reoent  lava-stream. 

In  Europe,  during  older  Tertiary  time,  similar  enormous  outpourings 
of  basalt  covered  many  hundreds  of  square  miles.  The  most  important  of 
these  18  that  which  occupies  a  large  part  of  the  north-east  of  Ireland, 
and  in  diaoonnected  areas,  extends  through  the  Inner  Hebrides  and  the 
Far5e  Islands  into  Iceland.  Throughout  that  region,  the  paucity  of 
evidence  of  volcanic  vents  is  truly  remarkable.  So  extensive  has  been  the 
denudation,  that  the  inner  structure  of  the  volcanic  plateaux  has  been 
admirably  revealed.  The  ground  beneath  and  around  the  basalt-sheets 
haa  l)een  rent  into  innumerable  fissures  which  have  been  filled  by  the 
rise  of  basalt  into  them.  A  vast  number  of  basalt-dykes  ranges  from  the 
Tokanio  area  eastwards  across  Scotland  and  the  north  of  England.  To- 
wards the  west  the  molten  rock  reached  the  surface  and  was  poured  out 
there,  while  to  the  eastward  it  does  not  appear  to  have  overflowed,  or,  at 
least,  all  evidence  of  the  out-flow  has  been  removed  in  denudation.  When 
▼e  reflect  that  this  system  of  dykes  can  be  traced  from  the  Orkney  Islands 
soothwaTds  into  Yorkshire  and  across  Britain  from  sea  to  sea,  over  a 
total  area  of  probably  not  less  than  100,000  square  miles,  we  can  in  some 
nwasure  appreciate  the  volume  of  molten  basalt  which  in  older  Tertiary 
times  underlay  large  tracts  of  the  site  of  the  British  Islands,  rose  up 
in  so  many  thousands  of  fissures,  and  poured  forth  at  the  surface  over  so 
wide  an  area  in  the  north  west. 

In  Africa,  basaltic  plateaux  cover  large  tracts  of  Abyssinia,  where  by 
the  denuding  effect  of  heavy  rains  they  have  been  carved  into  picturesque 
iiUs,  valleys,  and  ravines.^  In  India,  an  area  of  at  least  200,000  square 
miles  is  covered  by  the  singularly  horizontal  volcanic  plateaux  of  the 
**  Becxjan  Traps  "  (lavas  and  tuffs),  which  belong  to  the  Cretaceous  period 
and  attain  a  thickness  of  6000  feet  or  niore.^  The  underlying  platform 
of  older  rock,  where  it  emerges  from  beneath  the  edges  of  the  basalt 
table-land,  is  found  to  be  in  many  places  traversed  by  dykes ;  but  no 
cones  and  craters  are  anywhere  visible.  In  these,  and  probably  in  many 
other  examples  still  undescribed,  the  formation  of  great  plains  or 
plateaux  of  level  sheets  of  lava  is  to  be  explained  by  "  fissure-eruptiouH  " 
wther  than  by  the  operations  of  volcanoes  of  the  familiar  "cone  and 
^ter"  type. 

5  i  Geographical    and    geological  distribution   of 

volcanoes. 

Adequately  to  trace  the  distribution  of  volcanic  action  over  the 
globe,  account  ought  to  be  taken  of  donnant  and  extinct  volcanoes, 
^wiHe  of  the  proofs  of  volcanic  outbreaks  during  earlier  geological 
Friodg,  When  this  is  done,  we  learn,  on  the  one  hand,  that  innumerable 
^strictH  have  been  the  scene  of  prolonged  volcanic  activity,  where  there 

>  Blaiiford'a  » AbvBfiinia,'  1870,  p.  181. 

'  Medlicott  and  filanfonl,  *  Geology  of  ludin,  p.  299. 
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is  now  no  token  of  undorground  commotion,  and  on  the  other,  that 
volcanic  outburats  have  been  apt  to  take  place  again  and  again  after 
wide  intervals  on  the  same  ground,  some  modem  active  volcanoes  being 
thus  the  descendants  and  representatives  of  older  onoa  Some  of  the 
facts  regarding  former  volcanic  action  have  been  already  stated.  Othera 
will  be  given  in  Book  IV.  Part  VII. 

Confining  attention  to  vents  now  active,  of  which  the  total  number 
may  be  about  330,  the  chief  facts  regarding  their  distribution  over  the 
glolx)  may  Ix)  thus  summarised.  (1.)  Volcanoes  occur  along  the  margins 
of  the  ocoan-basins,  particularly  along  linos  of  dominant  mountain- 
ranges,  which  either  form  part  of  the  mainland  of  the  continents  or 
extend  as  adjacent  lines  of  islands.  The  vast  hollow  of  the  Pacific  ia 
girdled  with  a  wide  ring  of  volcanic  foci.  (2.)  Volcanoes  rise,  as  a 
striking  feature,  from  the  submarine  ridges  that  traverse  the  ocean 
basins.  All  the  oceanic  islands  are  either  volcanic  or  fonned  of  coral, 
and  the  scattered  coral-islands  have  in  all  likelihood  been  built  upon  the 
tops  of  submarine  volcanic  cones.  (3.)  Volcanoes  are  situated  close  to 
the  sea.  The  only  exceptions  to  this  rule  are  certain  vents  in  Mant- 
cliouria  and  in  the  tract  lying  between  Thibet  and  Siberia ;  but  of  the 
actual  nature  of  these  vents  very  little  is  yet  known.  (4.)  The  dominant 
arrangement  of  volcanoes  is  in  series  along  subterranean  lines  of  weak- 
ness, as  in  the  chain  of  the  Andes,  the  Aleutian  Islands  and  the  Malay 
Archipelago.  A  remarkable  zone  of  volcanic  vents  girdles  the  globe 
from  Central  America  eastward  by  the  Azores  and  Canary  Islands  to 
the  Mediterranean,  thence  to  the  Bed  Sea,  and  through  tlio  chains  of 
islands  from  the  south  of  Asia  to  New  Zealand  and  the  heart  of  the 
Pacific.  (5.)  On  a  smaller  scale  the  linear  arrangement  gives  2)lace  to 
one  in  groups,  as  in  Italy,  Iceland,  and  the  volcanic  islands  of  the  great 
oceans. 

In  the  European  area  there  are  six  active  volcanoes — Vesuvius,  Etna, 
Stromboli,  Volcano,  Santorin,  and  Nisyros.  Asia  contains  twenty-four, 
Africa  ten,  North  America  twenty.  Central  America  twenty-five,  and 
South  America  thirty-seven.  By  much  the  largest  number,  however,  occur 
on  islands  in  the  ocean.  In  the  Arctic  Ocean  rises  the  solitary  Jan  Mayen. 
On  the  ridge  separating  the  Arctic  and  Atlantic  basins,  the  group  of 
Ic(>landic  volcanoes  is  found.  Along  the  great  central  ridge  of  the 
Atlantic  l)ottom,  numerous  volcanic  vents  have  risen  aliove  the  sur- 
face of  the  sea — the  Azores,  (Canary  Islands,  and  the  extinct  degraded 
volcanoes  of  St.  Helena,  Ascension  and  Tristan  d'Acunha.  On  the 
eastern  Tx»rder,  lie  the  volcanic  vents  of  the  islands  off  the  African  coast, 
and  to  the  west,  those  of  the  West  India  Islands.  Still  more  remarkable 
is  tlie  ilevelopment  of  volcanic  energy  in  the  Pacific  area.  From  the 
Aleutian  Islands  southwards,  a  long  line  of  volcanoes,  numbering 
upwards  of  fifty  active  vents,  extends  through  Kamtschatka  and  the 
Kurile  Islands  to  Japan,  where  another  series  carries  the  volcanic  l)and 
far  south  towards  the  Malay  Arehii)elaf^o,  which  must  Ik)  regarded  as 
the  chief  centre  of  the  ]>resent   volcjinic   activity  of  our  planet.      In 
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Sumatra,  JaTa,  and  adjoining  islands,  no  fewer  than  fifty  active  vents 
occur.  The  chain  is  continued  through  New  Guinea  and  the  groups  of 
idands  to  New  Zealand.  Even  in  the  Antarctic  regions,  Mounts  Erehus 
and  Terror  are  cited  as  active  vents ;  while  in  the  centre  of  the  Pacific 
Ck»an  rise  the  great  lava  cones  of  the  Sandwich  Islands.  In  the  Indian 
Ocean,  the  Bed  Sea,  and  off  the  east  coast  of  Africa  a  few  scattered  vents 
appear. 

Beddes  the  existence  of  extinct  volcanoes  which  have  obviously 
been  active  in  comparatively  recent  times,  the  geologist  can  adduce 
proofs  of  the  former  presence  of  active  volcanoes  in  many  countries 
where  cones,  craters,  and  all  the  ordinary  aspects  of  volcanic  mountains, 
have  long  disappeared ;  but  whore  slieots  of  lava,  beds  of  tuff,  dykes,  and 
necks  representing  the  sites  of  volcanic  vents  havo  been  recognised 
abundantly  (Book  IV.,  Part  VII.).  These  manifestations  of  volcanic 
action,  moreover,  have  as  wide  a  range  in  geological  time  as  they  havo  in 
geographical  area.  Every  great  geological  period,  back  at  least  as  far  as 
the  Lower  Cambrian,  has  had  its  volcanoes.  In  Britain,  for  instance, 
there  were  active  volcanic  vents  in  the  Lower  Cambrian  period  when  the 
tnffs  and  diabases  of  Pembrokeshire  were  erupted,  and  still  more  vigorously 
in  the  Lower  Silurian  period,  when  the  lavas  and  tufk  of  Snowdon,  Aran 
Mowddwy,  and  Cader  Idris  were  ejected.  The  Lower  Old  Bed  Sandstone 
ex)oeh  was  one  of  prolonged  activity  in  central  Scotland.  The  earlier 
half  of  the  Carboniferous  period  likewise  witnessed  the  outburst  of 
innumerable  small  volcanoes  over  the  same  region.  During  Permian 
time,  a  few  scattered  vents  existed  in  the  south-west  of  Scotland,  and  in 
the  epoch  of  the  New  Bed  Sandstone  some  similar  points  of  eruption 
appeared  in  the  south-west  of  England.  The  older  Tertiary  ages  were 
distinguished  by  the  outpouring  of  the  enormous  basaltic  plateaux  of 
Antrim  and  the  Inner  Hebrides. 

In  France  and  Germany,  likewise,  Palaeozoic  time  was  marked  by  the 
emption  of  many  diabase  and  porphyrite  lavas,  followed  in  the  Permian 
epoch  by  a  great  outburst  of  porphyries,  while  on  the  other  hand  the 
late  Tertiai*y  volcanoes  of  Auvergne,  the  Eifel,  Italy,^  Bohemia,  and 
Hungary  belong  almost  to  the  existing  period.  Bcccnt  research  has 
brought  to  light  evidence  of  a  long  succession  of  Tertiary  and  post- 
tertiary  volcanic  outbursts  in  Western  America  (Nevada,  Oregon,  Idaho, 
Utah,  &o.).  Contemporaneous  volcanic  rocks  are  associated  with 
Palseosoic,  Secondary  and  Tertiary  formations  in  New  Zealand,  and 
volcanic  action  there  is  not  yet  extinct. 

Thus  it  can  be  shown  that,  within  the  same  comi  aratively  limited 
ge<^raphical  space,  volcanic  action  has  been  rife  at  intervals  during  a 
long  succession  of  geological  ages.  Even  round  the  sites  of  still  active 
vents,  traces  of  far  older  eruptions  may  be  detected,  as  in  the  case  of  the 
existing  active  volcanoes  of  Iceland,  which  rise  from  amid  Tertiary  lavas 

*  For  early  and  classical  aoconnts  of  tho  Italian  volcanic  districts,  sco  Spallnnzani's 
•  Voyoget  dans  les  deux  Siciles,*  and  Breislak's  *  Voyages  riiysiquos  ct  Lytholopiqucs 
dans  la  Campanic*    Consult  also  Morcalli's  *  Yulcani,'  &c. 
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and  tuffe.  Volcanic  action,  whicli  now  manifests  itfielf  80  conBpicnuuHly 
along  certain  linoR,  scorns  to  liavo  continued  in  tliat  linear  development 
for  protracted  pcrioda  of  time.  The  actual  vcnta  have  changed,  dying 
in  one  place  and  Iji'eaking  out  in  anotlier,  yet  keeping  on  tlie  'whole 
along  tlio  Kame  tracts.  Taking  all  tho  manifestations  of  volcanic  action 
together,  both  modom  and  ancient,  wo  see  that  the  Bubterranean  forces 
have  oi)erated  along  great  lines  in  tho  earth's  crust,  and  that  tho  existing 
volcanoes  form  but  a  small  proportion  of  the  total  number  of  once  aotivc 
vents. 

§  5,    OauBOR  of  Volcanic  Action. 

The  modus  operandi  whereby  the  internal  heat  of  the  globe  manifests 
itttelf  in  volcanic  action  Ih  a  problem  to  wliich  an  yet  no  satisfactory 
solution  h.iB  been  found.  '^Voro  tliis  action  merely  an  expression  of  tho 
intensity  of  tho  heat,  wo  miglit  expect  it  to  have  manifeHtcd  itself  in  a 
far  more  powerful  manner  in  former  periods,  and  to  exhibit  a  regularity 
and  continuity  commensurate  with  the  exceedingly  slow  diminution  of 
tho  eartli's  temperature.  But  there  is  no  geological  evidence  in  favonr 
of  greater  volcanic  intensity  in  ancient  than  in  moro  rocout  jieriods ;  on 
the  wmtrary,  it  may  bo  doubted  whether  any  of  the  Paleeozoic  volcanoes 
ciiuallcd  in  magnitude  those  of  Tertiaiy  and  perhaps  even  post-Tertiary 
times.  On  the  other  hand,  no  feature  of  volcanic  action  Is  more 
conspicuous  than  its  Hpaamodio  fitfulncss. 

As  physical  considerations  negative  the  idea  of  a  comparatively  thin 
crust,  surmounting  a  molten  interior  whence  volcanic  energy  might  Iw 
derived  (anfc,  p.  52),  geologists  have  found  thcmselveB  involvctl  in 
great  perplexity  to  explain  voloanio  phenomena,  for  tho  production  of 
which  a  source  of  no  great  depth  would  seem  to  bo  necessary.  Some 
have  supiKiBcd  the  existenco  of  pools  or  hikes  of  liquid  lava  lying 
beneath  the  crust,  and  at  an  inconsiderablo  depth  from  tbc  surface. 
Utliei-s  liavc  appealed  to  the  influence  of  the  contraction  of  tlio  earth's 
niaMS,  assuming  tlie  contraction  to  bo  now  greater  in  the  outer  tlian  in 
the  inner  portions,  and  that  the  effect  of  this  external  contraction  must 
1k!  to  siiueczo  out  some  of  tho  internal  molt«u  matter  through  weak 
parts  of  the  crust.' 

That  volcanic  action  is  one  of  the  results  of  terrestrial  contraetum 
can  hardly  Ije  doubted,  though  wo  are  atill  without  satisfactory  data 
as  til  the  connection  between  the  cause  and  tho  effect.  It  will  be 
obscrvoil  that  volcanoes  occur  chiefly  in  lines  along  the  cresta  of 
teiTcstrial  ridges.  There  is  probably,  therefore,  a  connection  liotween 
tlic  elevation  of  these  ridges  and  the  extravasation  of  molten  rock  at  the 
Kiii'ra<'c.  The  fomiation  of  I'uutiuenta  and  mountain  chains  hoa  already 
been  referred  to  as  probably  consequent  on  the  suhflideuoe  and  readjust- 

'  Conlitr,  f.r  r\ii<::y  ■  ,  '    i   i',„tiiif.|inn  of  only  b  slogle  milUmcln 

alK>ut,|jth..f   !■'■;■■  "tit  tJ.  I.!)P  gurfmca  Itraenonrti  fcrBPO 

craiitionfl,  iiitriut   lUOO  million  enbk  jBida)  ftr  cwk 

oriiptioa.  iii  mnlniotiaiiot  the  cmt  m  tbe  initial  nwr 
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iiient  of  tho  cool  outer  shell  of  the  planet  upon  the  hotter  and  more 
rapidly  contracting  nucleus.  Every  such  movement,  by  relieving 
pressure  on  regions  below  tho  axis  of  elevation,  will  tend  to  bring  up 
inolt<;n  rock  nearer  the  surface,  and  thus  to  promote  the  formation  and 
continued  activity  of  volcanoes. 

The  fissure-oruptions,  wherein  lava  has  risen  through  innumerable 

rents  in  tho  ground  across  the  whole  breadth  of  a  country,  and  has 

boon  ix)ured  out  at  tho  surface  over  areas  of  many  thousand  square 

miles,  flooding  them  'sometimes  to  a  depth  of  several  thousand    fe(jt, 

undoubtedly  prove  that  molten  rock  existed  at  some  depth  over  a  largo 

extent  of  territory,  and  that  by  some  means  still  unknown,  it  was 

forced  out  to  the  surface  (<m/^,  p.  20G).     In  investigating  this  subject,  it 

wouLl  bo  important  to  discover  whether  any  evidence  of  great  terrestrial 

eniinpling  or  other  movement  of  the  crust  can  be  ascertained  to  havo 

taken  place  about  the  same  geological  period  as  a  stupendtms  out- 

|iouring  of  lava — whether,  for  example,  the  great  lava  fields  of  Idaho 

may  have  had  any  connection  ivith  contemporaneous   flexure  of  the 

N'urtli  American  mountain-system,  or  whether  the  basalt-plateaux  of 

Antrim,  Scotland,  Fariie  and  Iceland  may  ])ossibly  have  Ixjen  in  their 

origin  sympathetic  with  the  post-Eocene   upheaval  of  tho  Alps  and 

uthfr  Tertiarj"  movements  in  Europe. 

In  the  onlinary  phase  of  volcanic  action,  marked  by  the  copious  evo- 
lution of  steam  and  the  abundant  production  of  dust,  slags  and  cinders, 
from  one  or  moro  local  vents,  the  main  proximate  cause  of  volcanic 
excitement  is  obviously  the  expansive  force  exerted  by  vapours  present 
iu  the  molten  magma  from  whicli  lavas  proceed.  Whether  and  to  wliat 
ext^'nt  these  vapours  are  parts  of  the  aboriginal  constitution  of  tho 
lartL's  interior,  or  are  derived  by  descent  from  the  surface,  is  still  an 
niisolve<l  pn)blem.  The  abundant  occluHion  of  hydrogen  in  meteorites, 
And  ihe  capacity  of  many  terrestrial  sul)st^nccs,  notably  melted  metals, 
to  alworb  large  quantities  of  gases  and  vapours  without  chemie^il  com- 
liinatiun,  and  to  emit  them  on  cooling  with  eruptive  phenomena,  not 
nulike  those  of  volcanoes,  have  led  some  observers  to  conclude  that  tho 
Jptttous  ejections  at  volcanic  vents  arc  portions  of  tlio  original  ron- 
«litutiou  of  tho  magma  of  tho  glol>e,  and  that  to  their  CKcjipe  the  aciivKy 
ofTolcanic  vents  is  due.  Prof.  Tsc 'her mak  in  ])arlicular  has  a<lvo<atiH| 
this  uiiinion.^ 

Ou  the  other  hand,  since  so  large  a  proportion  of  the  vapour  «»!'  a*!  iv « 
volcanoes  cousists  of  steam,  it  is  diilimlt  to  resist  the  convii-tion  that  1ili^ 
Itti  in  great  measure  been  supplied  by  the  descent  of  wati.T  tVoin  alM.M 
Sraand.  The  floor  of  the  sea  and  tlie  beds  of  rivers  ami  laki>  ai<  iH 
Inky.  TJ '*'"  ^iTlking  beneath  the  surface  of  the  laud,  |»en.oIai«'.-  fl..».  i 
'■  .  iiitH.  and  infiltrates  through  the  very  porrs  of  tin    i 

'  ii^f^CBtcd  that  if  190  cubic  kilometres,  of  th<3  <;iMibliiHt.i<»ii  (•*  <  a.-*  it 
-  viiliiiify  Rnnually,  and  to  j^ivo  off  50  timcH  Hh  v(,iiiiiii   o*  ^-.k.^  ^  ir.i'' 

-•' imiintAia  20,000  active  volcanoes.     Sitz.  Ahwl.  H7>^#/'     h/*/  '•^'. 

! It ; IT  (*  Ueitrag  xor  Physik  dor  Eniptionen,*  V miuxw ,  1  m 7  /  ,■ .  j i <  •  v  .  - : -> t uj • 
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The  presence  of  nitrogen  among  the  gaseous  discharges  of  voloanoes 
indicates,  no  doubt,  the  decomposition  of  water  containing  atmospherio 
gases.  The  abundant  volcanic  sublimations  of  chlorides  are  saoh  as 
might  probably  result  from  the  decomposition  of  sea-water. 

Whatever  may  be  its  source,  we  cannot  doubt  that  to  the  enormona 
expansive  force  of  su][)erheated  water  (or  of  its  component  gases,  disso- 
ciated by  the  high  temperature),  in  the  molten  magma  at  the  roots 
of  volcanoes,  the  explosions  of  a  crater  and  the  subsequent  riso  of  a 
lava  column  are  mainly  due.  It  has  been  supposed  that,  some- 
what like  the  reservoirs  in  which  hot  water  and  steam  accumulate 
under  geysers,  reservoirs  of  molten  rock  receive  a  constant  influx  of 
water  from  the  surface,  which  cannot  escape  by  other  channels,  but  is 
absorbed  by  the  internal  magma  at  an  enormously  high  temperature 
and  under  vast  pressure.  In  the  course  of  time,  the  materials  filling  up 
the  chimney  are  unable  to  withstand  the  upward  expansion  of  this 
imprisoned  vapour  or  water-substance,  so  that,  after  some  premonitory 
rumblings,  the  whole  opposing  mass  is  blown  out,  and  the  vapour  escapes 
in  the  well-known  masses  of  cloud.  Meanwhile,  the  removal  of  the  over- 
lying column  relieves  the  pressure  on  the  lava  underneath,  satniated 
with  vapours  or  superheated  water.  This  lava  therefore  begins  to  rise  in 
the  funnel  until  it  forces  its  way  through  some  weak  part  of  the  oone, 
or  pours  over  the  top  of  the  crater.  After  a  time,  the  vapour  being 
expended,  the  energy  of  the  volcano  ceases,  and  there  comes  a  variable 
period  of  repose,  until  a  renewal  of  the  same  phenomena  brings  on 
another  eruption.  By  such  successive  paroxysms,  the  forms  of  the 
internal  reservoirs  and  tunnels  may  be  changed ;  new  spaces  for  the 
accumulation  of  superheated  water  being  opened,  whenoe  in  time  fi^sfa 
volcanic  vents  issue,  while  the  old  ones  gradually  die  out. 

An  obvious  objection  to  this  explanation  is  the  difficulty  of  con- 
ceiving that  water  should  descend  at  all  against  the  expansive  force 
witbin.  But  Daubree's  experiments  have  shown  that,  owing  to 
capillarity,  water  may  permeate  rocks  against  a  high  counter-preasure 
of  steam  on  the  further  side,  and  that  so  long  as  the  water  is  supplied, 
whether  by  minute  fissures  or  through  pores  of  the  rocks,  it  may,  undei 
pressure  of  its  own  sux)erincumbent  column,  make  its  way  into  highl]| 
heated  regions.^  Exj>erience  in  deep  mines,  however,  rather  goea  tc 
show  that  the  permeation  of  wator  through  the  pores  of  rocks  getf 
feebler  as  we  descend. 

Reference  may  be  made  here  to  a  theory  of  volcanic  action  in  whicl 
the  influence  of  terrestrial  contraction  as  the  grand  source  of  volcanic 
energy  was  insisted  upon  by  the  late  IMr.  Mallet.^  He  maintained  that  al 
the  pre8(5iit  manifestations  of  hypogono  action  are  due  directly  to  thi 
more  rapid  contraction  of  the  hotter  iuterniil  mass  of  the  earth  and  thi 

'  Daubrco,  *Geologio  Expcrimentale,'  p.  274.  Soo  also  Tsclicrmak,  as  cited  oi 
previous  pa^.    Royer,  *  Boitnig  zur  Physik  der  Eniptioncu,*  §  i. 

'  Phil.  Tram.y  1873.  Seo  ulso  Daubree's  experiincntul  determiuaUon  of  tb 
(luuutity  of  boat  evolved  by  the  iuioruol  crushing  of  rocks.  *  Geologic  Ezpdrinientale, 
p.  148. 
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ooMeqnent  crushing  in  of  the  outer  cooler  shell.     He  pointed  to  the 
admitted  di£Bcalties  in  the  way  of  connecting  volcanic  phenomena  with 
the  existence  of  internal  lakes  of  liquid  matter,  or  of  a  central  ocean  of 
molten  rock.    Observations  made  by  him,  on  the  effects  of  the  earth- 
quake Bhocks  accompanying  the  volcanic  eruptions  of  Vesuvius  and  of 
Etna,  showed  that  the  focus  of  disturbance  could  not  be  more  than  a 
few  miles  deep ;  that,  in  relation  to  the  general  mass  of  the  globe,  it 
was  quite  superficial,  and  could  not  possibly  have  lain  under  a  crust  of 
800  miles  or  upwards  in  thickness.     The  occurrence  of  volcanoes  in 
lines,  and  especially  along  some  of  the  great  mountain-chains  of  the 
planet,  was  likewise  dwelt  upon  by  him  as  a  fact  not  satisfactorily  oxpli- 
caWe  on  any  previous  hypothesis  of  volcanic  energy.    But  ho  contended 
that  all  these  difficulties  disappear  when  once  the  simple  idea  of  cooling 
and  eontracticm  is  adequately  realised.     "  The  secular  cooling  of  the 
globe,**  ho  remarks,  "is  always  going  on,  though  in  a  very  slowly 
descending  ratio.     Contraction  is  therefore  constantly  providing  a  store 
of  energy  to  bo  expended  in  crushing  parts  of  the  crust,  and  through 
that  providing  for  the  volcanic  heat.     But  the  crushing  itself  does  not 
take  place  with  uniformity ;  it  necessarily  acts  per  saltum  after  accumu- 
lated pressure  has  reached  the  necessary  amount  at  a  given  point,  where 
some  of  the  pressed  mass,  unequally  pressed  as  we  must  assume  it,  gives 
way,  and  is  succeeded  perhaps  by  a  time  of  repose,  or  by  the  transfer  of 
the  crashing  action  elsewhere  to  some  weaker  point.     Hence,  though 
the  magazine  of  volcanic  energy  is  being    constantly  and    steadily 
replenished  by  secular  cooling,  the  effects  are  intermittent."     He  offered 
an  experimental  proof  of  the  sufficiency  of  the  st4»re  of  heat  prmhu*cd  ]>y 
this  internal  crushing  to  cause  all  the  phenomena  of  existing  volcanoes.  ^ 
The  slight  comparative  depth  of  the  volcanic  foci,  their  linear  urrAuge- 
'"Wnt,  and  their  occurrence  along  lines  of  dominant  elevation  become,  ho 
contended,  intelligible  under  this  hypothesis.     For  since  the  crushing  in 
®^  the  crust  may  occur  at  any  depth,  the  volcanic  sources  may  vary  in 
*J^th  indefinitely;  and  as  the  crushing  will  take  place  chiefly  along 
^es  of  weakness  in  the  crust,  it  is  precisely  in  such  lines  that  crumpled 
'^^^Imtain-ridges  and  volcanic  funnels  should  appear     Moreover,  by  this 
^^{)lanation  its  author  sought  to  harmonise  the  discordant  observations 
'^.^arding  variations  in  the  rate  of  increase  of  temperature  downward 
'^thin  the  earth,  which  have  ali*eady  been  cited  and  referred  to  unequal 
^^ductivity  in  the  crust  (p.  49).     He  pointed  out  that  in  some  parts  of 
H«  crust  the  crushing  must  be  much  greater  than  in  other  parts  ;  and 
^i^ice  the  heat  **  is  directly  proportionate  to  the  local  tiingential  pressure 
"^kich  produces  the  crushing  and  the  resistance  thereto,"  it  may  vary 
'^definit^^lv  up  to  actual  fusion.     So  long  as  tlu;  crnshod  rock  remains 

*  Tlio  elaborate  and  careful  oxix>riineiital  reswirches  of  tliia  observer  will  reward 
HUcBtivc  pcrnsal.  Mallet  estimates  from  experiment  the  amount  of  lieat  j^iven  out  by 
the  cruahiuf?  of  (lifferent  rocks  (Byeuite,  granite,  sandstone,  slate,  limestone),  and  con- 
cludes tbat  a  cubic  mile  of  the  crust  taken  at  the  mean  density  would,  if  crushed  into 

powder,  give  out  heat  enough  to  melt  nearly  IIJ  cubic  miles  of  similar  rock,  assuminfr 

tho  mcltSig  point  to  be  2000°  Fabr. 
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out  of  reach  of  a  sufficiont  acccsH  of  subtciTanean  water,  there  would,  of 
course,  be  no  diBturbanco.  But  if,  through  the  weaker  part«,  water 
enougli  Hhouhl  descend  and  be  al)8orl)ed  by  the  intensely  hot  crushed 
mass,  it  would  be  raised  to  a  very  high  temi)erature,  and,  on  sufficieut 
diminution  of  pressure,  would  iiash  into  steam  and  produce  the  com- 
motion of  a  volcanic  eruption. 

This  ingenious  tlieory  requires  the  operation  of  sudden  and  violent 
movements,  or  at  least  that  the  heat  generated  by  the  crushing  should 
bo  more  than  can  be  immediately  ctjnducted  away  through  the  cruai 
"Were  tlie  crushing  slow  and  oqualde,  the  lieat  developed  by  it  might  be 
so  tranquilly  dissipated  that  the  temperature  of  the  crust  would  not  be 
sensibly  affected  in  the  process,  or  not  to  such  an  extent  as  to  cause  any 
appreciable  molecular  rearrangement  of  the  particles  of  the  rocks.  But 
an  amount  of  internal  crushing  insufficient  to  generate  volcanic  action 
may  have  been  accompanied  by  such  an  elevation  of  temperature  as  to 
induce  important  changes  in  the  structure  of  rocks,  such  as  are  embraced 
under  the  term  "  metamorphio." 

There  is,  indeed,  strong  evidence  that,  among  the  consequences 
iirising  fi*om  the  secular  contraction  of  the  globe,  masses  of  sedimentary 
stratii,  many  thousands  of  feet  in  thickness,  have  been  crumpled  and 
crushed,  and  that  the  crumpling  has  often  been  accompanied  by  such  an 
amount  of  heat  and  evolution  of  chemical  activity  as  to  produce  an 
interchange  and  i-earrangement  of  the  elements  of  the  rocks, — this 
change  sometimes  advancing  to  the  point  of  actual  fusion.  (See  posUa^ 
p.  274,  and  IV^ok  IV.  Part  VIII.)  There  is  reason  to  believe  that  some 
at  least  of  these  periods  of  intense  terrestrial  disturbance  have  been 
followed  by  periods  of  prolonged  volcanic  action  in  the  disturbed  areas. 
jVlr.  ]\lallet*s  theory  is  thus,  to  some  extent,  supported  by  independent 
geological  testimony.  The  existence,  however,  of  large  reservoirs  of 
fused  rock,  at  a  comparatively  small  depth  beneath  the  surface,  may  be 
conceived  as  probable,  ajiart  from  the  effects  of  crushing.  The  connec- 
tion of  volcanoes  with  lines  of  elevation,  and  consequent  weakness  in 
the  earth's  crust,  is  what  might  have  been  anticipated  on  the  view  that 
the  nucleus,  though  practically  solid,  is  at  such  a  temperature  and 
pressure  that  any  diminution  of  the  pressure,  by  corrugation  of  the 
crust  or  otherwise,  will  cause  the  subjacent  portion  of  the  nucleus  to 
melt.  Ahmg  lines  of  elevation  the  pressure  is  relieved,  and  consequent 
molting  may  take  place.  On  these  lines  of  weakness  and  fracture, 
therefore,  the  conditions  for  volcanic  excitement  may  l^e  conceived  to  be 
Ijest  developed.  Water,  able  soonest  to  roach  there  the  intensely 
heated  mat<>rials  underneath  the  crust,  may  give  rise  to  volcanic 
oxplosioiis.  'i'he  periodicity  of  eruptions  may  thus  depend  upon  the 
longth  of  time  required  for  the  storing  up  of  sufficient  steam,  and  on 
the  amount  of  resistance  in  the  crust  to  be  overcome.  In  some 
volcanoes,  the  inten-als  of  activity,  like  those  of  many  geysers,  return 
with  considerable  regularity.  In  other  cases,  the  shattering  of  the 
crust,   or   the   upwelling  of  vast   masses   of  lava,   or   tho   closing  of 
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tfabterranean  passagos  for  the  descending  water,  or  other  causes  may 
vary  the  oonditions  so  much,  from  time  to  time,  that  the  eruptions 
follow  each  other  at  Tery  unequal  periods,  and  with  very  discrepant 
energy.  Each  great  outburst  exhausts  for  a  while  the  vigour  of  the 
volcano,  and  an  interval  is  needed  for  the  renewed  accumulation  of 
vapour. 

But  beside  the  mechanism  by  which  volcanic  eruptions  are  j)roduccd, 

a  Turther  problem  is  presented  by  the  varieties  of  materials  ejected,  and 

tho  differences  which  these  exhibit  at  neighbouring  vents,  and  even 

BometimeB  at  successive  eruptions  from  the  same  vent.     It  is  common 

to  find  that  tho  earlier  lavas  of  a  volcano  have  been  acid  (trachytes, 

lipaiites,  obsidians,  drc),  while  the  later  are  basic  (andesites,  basalts, 

•fec.^.    Bichthofen  has  deduced  from  observations  in  Europe  and  North 

America  a  general  order  of  volcanic  succession  which  has  been  well 

sustained  by  subsequent  investigation.    He  states  that  volcanic  rocks 

»Mty  be  arranged  in  five  great  groups,  and  that  all  over  the  world 

^Cico  groups  have  appeared  in  the  following  sequence.     1.  Propylite ; 

2-    i^ndesite;  3.  Trachyte;   4.  Rhyolite;  5.  Basalt.^     The  sequence  is 

*^ldom  or  never  complete  in  any  one  locality;   sometimes  only  one 

**^oinber  of  the  series  may  be  found,  but  when  two  or  more  occur  they 

*^k:e,  it  is  affirmed,  this  order,  basalt  being  everywhere  the  latest  of 

*^o  series.     Instances  have  been  noticed,  of  apparent  or  real  excep- 

*^Oii8  to  Bichthofen's  law.    But  continued  study  of  the  great  volcanic 

P*^teaux  of  Western  America  has  supplied  many  new  examples  of  its 

*^  Implication.*'* 

Reference  has  already  (p.  69)  been  made  to  the  speculation  of 

r-^trocher  as  to  the  existence  within  the  crust  of  an  upper  siliceous 

^^er  with  a  mean  of  71  per  cent,  of  silica,  and  a  lower  basic  layer  with 

^  ■  -N)ut  51  per  cent,  of  silica.    Bunsen  also  came  to  the  conclusion  that 

^^^^Icanic  rocks  are  mixtures  of   two  original    normal    magmjis — tho 

^^^rmal  trachytic  (with  a  mean  of  76  •  67  silica),  and  the  normal  pyroxenic 

V  Xx'ith  a  mean  of  47  •  48  silica).     The  varying  proportions  in  which  these 

"^Vo  original  magmas  have  been  combined  are,  in  Bunsen*s  view,  the 

^^use  of  the  differences  of  volcanic  rocks.     We  may  conceive  these 

^"Vro  layers  to  be  superposed  upon  each  other,  according  to  relative 

^^fnsities,  and  the  composition  of  the  last  erupted  at  the  surface  to 

^^pend  upon  the  depth  from  which  it  lias  been  derived.^     The  earlier 

^ explosions  of  a  volcano  may  be  supposed  to  take  place  usually  from  the 

^  pper  lighter  and  more  siliceous  layer,  and  the  lavas  ejected  should  be 

^vnsequently  acid,  as  in  fact  they  usually  are,  while  the  later  eruptions, 

"^^aching  down  to  deej^er  and  heavier  zones  of  the  magma,  would  bring 

'  **  The  Natural  System  of  Volcanic  Rocks,"  F.  Richthofen,  Calijorn.  Acad.  Sci.  1868. 

*  See  in  particular  Captain  Duttou*8  valuable  Report  on  the  Geology  of  the  High 
M*lateau  of  Utah,  Washington,  1880,  p.  64. 

»  See  B.  Bunsen,  Pong.  Ann.  Ixiii.  (1851)  p.  20i;  Sartorius  von  Waltershausen, 
•  BicilicQ  nnd  Island,'  p.  410 ;  Royer,  *  Reitrng  zur  Thysik  dcr  Emptioncn,'  iii.  Scropo 
\iim1  Jong  before  suggcetcd  u  cla»Jsilicationof  volcanic  rockd  into  Trachyte,  Groystone,  and 
Bjuult,  Jouru,  Science,  xxi. 
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up  such  basic  lavas  as  basalt.  Certainly  the  general  similarity  of  the 
volcanic  rocks  all  over  the  globe  would  appear  to  prove  that  there  must 
be  considerable  uniformity  of  composition  in  the  zones  of  intensely  hot 
material  from  which  volcanic  rocks  are  derived,  and  the  general  order 
of  succession  in  the  ap|)earance  of  lavas,  shows  that  some  arrangement 
in  relation  to  density  probably  exists  within  the  crust.* 

Many  difficulties,  however,  remain  yet  to  be  explained  before  our 
knowledge  of  volcanic  action  can  be  regarded  as  more  than  mdimentaiy. 
For  example,  why  should  two  adjoining  vents,  like  Manna  Loa  and 
Kilauoa,  have  their  lava  column  at  such  widely  different  levels  as  to 
show  that  there  can  be  no  real  connection  between  them  ?  Why  should 
two  neighbouring  vents  sometimes  eject,  the  one  acid,  the  other  basic 
lavas  ?  Why  should  even  the  same  vent  occasionally  exhibit  an  alterna- 
tion of  acid  and  basic  eruptions?  To  these  and  other  questions  in  the 
mechanism  of  volcanoes  no  satisfactory  answers  have  yet  been  given. 
In  Book  IV.,  Part  VII.,  a  description  is  given  of  the  part  volcanic  rocks 
have  played  in  building  up  what  we  see  of  the  earth's  crust,  and  the 
student  will  there  find  other  illustrations  of  facts  and  deductions  which 
have  been  given  in  the  previous  pages. 

Seotionii.  Earthquakes.^ 

By  the  more  delicate  methods  of  observation  which  have  been  invented 
in  recent  years,  it  has  been  ascertained  that  the  ground  beneath  our  feet 
is  apparently  everywhere  subject  to  continual  slight  tremors  and  to 
minute  pulsations  of  longer  duration.  The  old  expression  "  terra  fimia  " 
is  not  only  not  strictly  true,  but  in  the  light  of  modem  research  seems 
singularly  inappropriate.  Rapid  changes  of  temi>erature  and  atmos- 
l)heric  pressure,  the  fall  of  a  shower  of  rain,  the  patter  of  birds'  feet, 

^  In  the  memoir  by  Captain  Dotton,  cited  in  a  previous  note,  the  hypothesis  is  main- 
tained that  the  order  of  appearance  of  the  lavas  is  determined  by  their  relative  density 
and  fusibility,  the  most  basic  and  heaviest,  though  most  easily  fused,  requiring  the 
higliest  temperature  to  diminish  their  density  to  such  an  extent  as  to  permit  them  to  be 
erupted. 

^  On  the  phenomena  of  earthquakes  consult  Mallet,  Brit.  A»8oe.  1847,  part  iL  p.  30 ; 
1850,  p.  1 ;  1851,  p.  272 ;  1852,  p.  1 ;  1858,  p.  1 :  1861,  p.  201.  •  The  Great  Neapolitan 
Earthquake  of  1857,'  2  vols.,  1862.  D.  Milne,  EcUn,  Neto  rhil  Joum.  xxxi.-xxxvi.  A 
Perrey,  Mem.  Couronn.  Bruxelles,  xviii.  (1844)  Compt^  rendus,  lii.  p.  146.  Otto  Volger, 
*  I'litersuchungen  uber  die  Phiinomene  aer  Erdbeben  in  der  Schwoiz,'  Gotha,  1857-8; 
Z  Deutsch.  Oeol.  Ges.  xiii.  p.  667.  R.  Falb,  *  Grundziige  einer  Theorie  der  Erdbeben 
UD(1  Vulkanonsausbriiche,'  Uraz,  1871  ;  *  Gedankcn  und  Studien  iiber  den  Yidkanismas, 
&(\,'  1874.  Pfaff,  *  Alljiijcincino  Geologic  als  exacto  Wissenschaft,*  Txjipzijj,  1873,  p.  224. 
Kcoonls  of  f>l)served  oarthqiuikcs  will  bo  found  in  the  memoirs  of  Mallet  and  Perrey; 
also  in  jjapera  by  Fuchs  in  NeiKjs  Jahrb.  1865-1871,  and  in  Ttiohormak's  Minerahtij, 
Mitthcihnufen.  \>^^'^  and  subsequent  years.  Schmidt,  *  IStudien  iiber  Erdbeben,'  2ud  edit. 
1S7(» ;  •  Stiulicii  iiber  Vulkano  und  Erdbeben,'  1881 ;  Dieffenbach,  NeuiS  Jahrb.  1872. 
p.  1.j5.  (i.  Merealli,  in  his  *  Vulcani  e  Fenomeni  Vulcanici  in  Italia'  (1883),  g^vosan 
aecoiint  of  the  Italian  earthquakes  from  1450  b.o.  to  1881  a.d.  ;  he  separately  describes 
the  great  Itjcliian  earlht|uako  of  1883 :  *  L*  Isola  d'  Ischia,*  Milan,  1884.  Much  interesting 
information  will  be  found  in  the  Transactions  of  the  Seismological  Society  of  Japan — 
a  society  instituted  in  the  year  1880  for  the  investigation  of  earthquake  pheunmena 
especially  in  Jajum,  where  they  are  of  frequent  occurrence.  Other  pejiers  aro  quoted 
in  the  fulluwini^  pages. 
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and  Btill  more  the  tread  of  larger  animals,  produce  tremors  of  the 
ground  which,  thongh  exceedingly  minute,  are  capable  of  being  made 
dearly  audible  by  means  of  the  microphone  and  visible  by  means  of  the 
galTanometer.  Some  tremors  of  varying  intensity  and  apparently  of 
irregular  occnrrenoe,  may  be  due  to  minute  movements  or  displacements 
in  the  crust  of  the  earth.  Less  easily  traceable  are  the  slow  pulsations 
of  the  crust  which  in  many  cases  are  periodic,  and  may  depend  on  such 
eausos  as  the  diurnal  oscillation  of  the  thermal  or  barometric  conditions 
of  the  atmosphere,  the  rise  and  fall  of  the  tides,  &c.^  So  numerous  and 
well  marked  are  these  tremors  and  pulsations,  that  the  delicate  observa- 
tions which  were  set  on  foot  to  determine  the  lunar  disturbance  of 
gravity  had  to  be  abandoned,  for  it  was  found  that  the  minute  movements 
Bought  for  were  wholly  eclipsed  by  these  earth  tremors.^ 

The  term  Earthquake  denotes  any  natural  subterranean  concussicjn, 

varying  from  such  slight  tremors  as  to  be  hardly  perceptible  up  to 

severe  shocks,  by  which  houses  are  levelled,  rocks  dislocated,  landslips 

precipitated,  and  many  human  lives  destroyed.     The  phenomena  are 

analogous  to  the  shock  communicated  to  the  ground  by  explosions  of 

mines  or  powder-works.     They  may  be  most  intelligibly  considered  as 

wave-like  undulations  propagated  through  the  solid  crust  of  the  earth. 

In  Ur.  Mallet's  language,  an  earthquake  may  be  defined  as  "  the  transit 

of  a  wave  of  elastic  compression,  or  of  a  succession  of  these,  in  parallel 

or  intersecting  lines  through  the  solid  substance  and  surface  of  the 

distorbed  country."    The  passage  of  this  wave  of  shock  constitutes  the 

real  earthquake. 

Besides  the  wave  of  shock  transmitted  through  the  solid  crust,  waves 
are  also  propagated  through  the  air,  and,  where  the  site  of  the  impulse 
is  not  too  remote,  through  the  ocean.  Earthquakes  originating  under 
the  Boa  are  specially  destructive  in  their  effects.  They  illustrate  well 
the  three  kinds  of  waves  associated  with  the  progress  of  an  earthquake. 
These  are,  1st,  The  true  earth-wave  through  the  earth's  crust ;  2nd,  a 
wave  propagated  through  the  air  to  which  the  characteristic  sounds 
of  rolling  waggons,  distant  thunder,  belloAving  oxen,  &c.,  are  duo ; 
Srd,  Two  sea- waves,  one  of  which  travels  on  the  back  of  the  earth- wave 
wd  reaches  the  land  with  it,  producing  no  sensible  effect  on  shore ;  the 
other  an  enormous  low  swell,  caused  by  the  first  sudden  blow  of  the 
«wth-wave,  but  travelling  at  a  much  slower  rate,  and  reaching  land  often 
several  hours  after  the  earthquake  has  arrived. 

V  e  1  o  c  i  t  y. — Experiments  have  been  made  to  determine  the  velocity 
of  tlie  earth-wave,  and  itfl  variation  with  the  nature  of  the  material 

'  Plantainour,  Archives  S^'Jenfvs  Phys.  Nat.  (iciicva,  ii.  p.  G41 ;  v.  p.  97  ;  viL  p.  601 ; 
^ii.,l».  .5r»l ;  X.  p.  610;  xii.  (1884)  p.  388.  G.  II.  Darwin,  Brit  Aasitc.  1882,  p.  D5.  In 
^^^  imper  Prof.  Darwin  «li»oii8scs  the  amount  ol'  disiurbanco  of  the  vertical  near  tho 
**»tg  of  contineDts,  cunacd  by  the  rise  and  fall  of  tho  tide.  J.  Milne,  Trans.  Seismo* 
^<oI  Sijc.  Japan,  vi.  (1883)  p.  1. 

*  For  a  Dotico  of  proviouB  rcHcarches  in  this  subject  eee  Prof.  Darwin's  Rojiort, 
^^  Atioe,  1882,  p.  90;  Prof.  J.  Milne.  Geol.  Mag.  1882,  p.  482 ;  Nature,  xxvi.  p.  125. 
^ennnieroas  observations  ina<lo  by  Rossi  in  Italy  aro  summariso-i  by  G.  Mcrcalli  in  hid 
*wk  cited  above. 
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did  not  diaappear  dnring  the  earthquake  of  1662  were  built  npoD  solid 
white  limostone,  while  the  parts  built  on  sand  were  shaken  to  pieces.^ 

It  has  been  observed  that  an  earthquake  shock  will  pass  under  a 
limited  area  without  disturbing  it,  while  tho  rt'gion  all  around  has  boon 
ftfiected,  AB  if  there  were  some  suporGoial  stratum  protected  from  the 
earth-wave.  Humboldt  oitod  a  case  where  miners  were  driven  up  from 
below-ground  by  earthquake  shocks  not  perceptible  at  tlio  surface,  and 
on  the  other  hand,  an  instance  where  they  experienced  no  sensation  of 
an  earthquake  which  shook  the  surface  with  considerable  violence.'' 
Such  &ct8  liring  impressively  before  the  mind  tho  extent  to  which  tho 
oonne  of  the  earth-wave  must  bo  modified  by  geological  Btnicturc.  In 
aome  instances,  tho  shock  extends  outwards  from  a  common  centre, 
HO  that  a  sories  of  conecntrio  ciroles  may  be  drawn  round  the  focus,  caoh 
of  which  will  denote  a  certain  approximately  uniform  intensity  of  shock 
("ooseianuc  lines"  of  Mallet),  this  intensity,  of  coutro,  diminishing 
with  distance  from  the  focus.    Tho  Calabriun  earthquake  of  1857  and 


Hg.  ai^-nu  at  Port  Royol,  Junalu,  slw»  iiic  tliF  Fffwti  uf  ihc  t:«nbquake  o[  imi  ( B.)' 
F(;h(liaaa<iribetv<rn  liulU un  llinolonf  and  IpH  ttaudlriK  itt^  the  ranhqaakr?;  on,  L.tlif  bnnntiij 
><  IW  (own  prioi  lu  tbe  nrtbqiuhe :  N  N.  Ilrniiid  |til>i''d  by  tho  iLrdttlng  o[  sanr]  up  to  the  f  tid  of  In-'t 
■stiBji  ILH,  AcIdWopi  from  Ihc  sum'' moseilurlnp;  the  flrnlqmrtwijtthe  prennilrcnliirr- 

ft«t  of  Central  Europe  in  1872,  may  lie  taken  in  illustration  of  this 
wntral  typo.  In  other  cases,  however,  tho  carthiiHako  travels  obiufly 
•kiDg  a  certain  band  or  Kono  (particularly  along  tho  flanks  of  a 
"Wimtain-ehain)  without  advancing  far  from  it  laterally.  This  type  of 
liwar  earthquake  is  exemplifioil  by  the  frequent  shocks  which  traverse 
Chili,  Peru  and  Ecuador,  lx.'tween  tho  line  of  the  Andes  aiid  tlio  Pacific 

Extent  of  CO un  try  a  f  f  ected.^The  area  shaken  by  an  earth- 
•pake  varies  with  tho  intensity  of  the  shock,  from  a  more  local  tract 
there  ft  slight  tremor  lias  lieeu  experienced,  up  to  such  catastrnphes  as 
thituf  Lisbon  in  1765,  which,  l)eBides  convulsing  tho  Portuguese  cuasts, 

'  Tbe  oppoeitc  tOect  Iihs  been  observed  on  the  isknd  of  lacliia,  tlio  hoQECS  built  on 
W  nUoil  genemUr  baying  lufforcd  muoli  lesa  tban  Ibe  otbcra. 

'  'CiwmiM,'  Art  EaTittquakts. 

'  FocalUtorPeruTiancarthqmutesfmm  a.d.  1570  to  1875,  boo  OeograiJi.  Miig.  It. 
{\tn)  p.  806.  The  ewthnoako  of  9  May,  1877,  at  InuLiine,  iiml  its  oci'un-ivitve  nrw 
teenlitd  by  B.  Geinitz,  ffora  Ael.  Ai--  Cai.  T^opold.  Car.,  si.  (IS78)  vi>-  383^44. 
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extended  into  the  north  of  Africa  on  the  one  liand  and  to  Scandinavu 
on  the  other,  and  was  even  felt  as  far  as  the  oast  of  North  America. 
Hnmholdt  computed  that  the  aroa  shaken  by  this  great  earthquake  was 
four  times  greater  than  that  of  the  whole  of  Europe.  The  South 
AnAiioan  earthquakes  are  remarkable  for  the  great  distanceB  to  whiph 
their  ofTocts  extend  in  a  linear  direction.    Thus  the  strip  of  oonatry  in 
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Peru  and  Ecuador  eoveroly  shaken  by  the  earthquake  of  1808,  had  a 
length  of  2000  miles. 

Depth  of  so  11  re e. — According  to  ]t[allet's  obterrations,  over tbe 
centre  of  origin  the  shock  vi  felt  as  a  vortical  up-and-down  movement 
{Seismic  vertical)  i  while,  receding  from  this  centre  in  any  direction, 
it  is  felt  as  an  undnlatory  movement,  and  comes  up  more  and  mon 
obliquely.      The  angle  of  emergence,  as  he  termed  it,  was  obtained  1^ 


him  by  taking  the  mean  of  observations  of  the  rents  and  displaoementi 
of  walls  and  buildings.  In  Fig.  65,  for  example,  the  wall  there  repre- 
sented has  been  rent  by  an  earthquake  which  emerged  to  the  soifaou 
iu  the  patli  marked  by  the  arrow. 

By  observations  of  tliis  nature.  Mallet  estimated  the  approximate 
depth  of  origin  of  an  earthquake.  Let  Fig.  06,  for  example,  repneent 
a  portion  of  the  earth's  crimt  in  which  at  n  nn  earthquake  arises.     The 


Paot  L  Sect,  iij  EARTHQ UAKE8.  255 


wave  of  shook  will  travel  outwards  in  successive  spherical  shells.  At 
tlie  point  e  it  will  bo  felt  as  a  vertical  movement,  and  loose  objects, 
lach  as  paving-stonos,  may  be  jerked  up  into  the  air,  and  descend 
bottom  uppermost  on  their  previous  sites.  At  c2,  however,  the  wave 
will  emerge  at  a  lower  angle,  and  will  give  rise  to  an  undulation  of 
the  ground,  and  tho  oscillation  of  objects  projecting  above  the  surface. 
In  Tent  buildingSy  the  fissures  will  be  on  the  whole  perpendicular  to 
the  path  of  emergence.  By  a  series  of  obHorvations  made  at  dififerent 
points,  as  at  ^  and  /,  a  number  of  angles  are  obtained,  and  the  point 
where  the  various  lines  cut  the  vei*tical  (a)  will  mark  the  area  of 
origin  of  the  shock.  By  this  means,  Mallet  computed  that  the  depth 
at  which  the  impulse  of  the  Calabrian  earthquake  of  1857  was  given 
was  about  five  miles.  As  the  general  result  of  his  inquiries,  he  concluded 
that,  on  the  whole,  the  origin  of  earthquakes  must  be  sought  in  com- 
paratively superficial  parts  of  the  crust,  probably  never  exceeding  a  depth 
of  30  geographical  miles.  Following  the  same  method.  Von  Seel)ach 
calculated  that  the  earthquake  which  aflfectod  Central  Europe  in  1872 
originated  at  a  depth  of  9*6  geographical  miles ;  that  of  Belliuio  in 
the  same  year  was  estimated  by  Hofer  to  have  had  its  source  rather 
more  than  4  miles  deep ;  while  that  of  Herzogenrath  in  1 873  was  placed 
bj  Von  Lasaulx  at  a  depth  of  about  14^  miles,  and  that  of  1877  in  the 
same  region  at  about  14  miles.^ 

Geological  Effeets.  —  These  are  dependent  not  only  on  the 
strength  of  tho  concufision  but  on  the  structure  of  tho  ground,  and  on 
the  site  of  the  disturbance,  whether  underneath  land  or  sea.  They 
include  changes  8uperinduce<l  on  the  surface  of  the  land,  on  terrestrial 
^^  oceanic  waters,  and  on  the  relative  levels  of  land  and  sea. 

1.  Effects  upon  the  soil  and  general  surface  of  a 
country. — The  earth-wave  or  wave  of  shock  underneath  a  countrj' 
^  traverse  a  wide  region  and  aifect  it  violently  at  the  time,  without 
leaving  permanent  traces  of  its  passage.  Blocks  of  rock,  however, 
already  disengaged  from  their  parent  masses,  may  be  rolled  down 
into  the  valleyB  below.  Landslips  are  produced,  which  may  give  rise 
^  oonsiderable  subsequent  changes  of  drainage.  In  some  instancufl, 
*he  Burfeoes  of  solid  rocks  are  shattered  as  if  by  gunpowder,  as 
^^  p»irticularly  noticed  to  have  taken  place  among  the  Primary  rocks 
"»  tho  Concepcion  earthquake  of  1835.2  It  has  often  been  observed 
*^  that  the  soil  is  rent  by  fissures  which  vary  in  size  from  mere 
^^'^cks,  like  those  due  to  desiccation,  up  to  deep  an<l  wide  chasms.  Per- 
'^^^'lent  modifications  of  the  landscape  may  thus  be  produced.  Trees 
^^  thrown  down,  and  buried,  wholly  or  in  part,  in  the  rents.  These 
"*P«rficial  eflfects  may,  indeed,  be  soon  eifaccd  by  the  levelling  i)ower  of 


^  '  Ree  papera  by  Hofer  and  A.  von  Lasaulx,  citc<l  on  p.  2,52.  The  method  adopted  by 
•■•l^^tdoea  not  opivar  to  be  ai)plicablo  in  Japan,  whore  e«rth(iuakes  are  abundant,  and 
where  accorate  moaflurementa  are  beinj^  made  of  the  phenomena.  We  may  hope  that 
"y  a  poutiiiuation  of  th(t  obsiTvalions  now  ko  carefully  eonducte<l  there,  a  thoroupldy 
■•*»»factor\-  Rolution  of  the  problems  of  earthquake-physioH  will  l)e  obtaincMl. 
'  Darwin, *.Tonni!il  of  Hi'siarehifl/  1815, p.  30:i. 
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the  atmosphere.  Where,  however,  the  ohasms  are  wide  and  deep 
enough  to  intercept  rivulets,  or  to  servo  as  channels  for  heavy  rain- 
torrents,  they  are  sometimes  further  excavated,  so  as  to  become 
gradually  enlarged  into  ravines  and  valleys,  as  has  happened  in  the  case 
of  rents  caused  by  the  earthquakes  of  1811-12,  in  the  Mississippi 
viillcy.  As  a  rule,  each  rent  is  only  a  few  yards  long.  Sometimes  it 
mjiy  extend  for  half  a  mile  or  even  more.  In  the  earthquake  which 
shook  the  South  Island  of  New  Zealand  in  1848,  a  fissure  was  formed, 
averaging  18  inches  in  width  and  traceable  for  a  distance  of  60  miles 
parallel  to  tlie  axis  of  the  adjacent  mountain-cliain.  The  subsequent 
earthquake  of  1855,  in  the  same  region,  gave  rise  to  a  fracture  which 
could  be  traced  along  the  base  of  a  line  of  cliflf  for  a  distance  of  about 
90  miles.  Dr.  Oldham  has  described  a  remarkable  series  of  fissurings 
which  ran  parallel  with  the  river  of  Calhar,  Eastern  British  India, 
varying  with  it  to  every  point  of  the  comjmss  and  traceable  for  100 
miles.  ^ 

Kemarkable  circular  cavities  have  been  noticed  in  Calabria  and 
elsewhere,  formed  in  the  ground  during  the  passage  of  the  earth-wave. 
In  many  cases,  these  holes  serve  as  funnels  of  escape  for  an  abundant 
discharge  of  water,  so  that  when  the  disturbance  ceases  they  appear  as 
pools.  Tliey  are  believed  to  be  caused  by  the  sudden  collapse  of 
subtenaiiean  water-channels  and  the  consequent  forcible  ejection  of  the 
water  to  the  surface. 

2.  Effects  upon  terrestrial  waters.^ — Springs  are  tem- 
porarily aflfected  by  earthquake  movements,  becoming  greater  or  smaller 
in  volume,  sometimes  muddy  or  discoloured,  and  sometimes  increasing 
in  temperature.  Brooks  and  rivers  have  been  observed  to  flow  with  an 
interrupted  course,  increasing  or  diminisliing  in  size,  stopping  in  their 
flow  so  as  to  leave  their  channels  dry,  and  then  rolling  forward  with 
increased  rapidity.  Lakes  are  still  more  sensitive.  Their  waters 
occasionally  rise  and  fall  for  several  hours,  even  at  a  distance  of  many 
hundred  miles  from  the  centre  of  disturbance.  Thus,  on  the  day  of  the 
groat  LislKjn  earthquake,  many  of  the  lakes  of  central  and  north-western 
Europe  were  so  afifected  as  to  maintain  a  succession  of  waves  rising  to  a 
height  of  2  or  3  feet  above  their  usual  level.  Cases,  however,  have  been 
observed  where,  owing  to  excessive  subterranean  movement,  lakes  liavo 
been  emptied  of  their  contents  and  their  beds  have  been  left  per- 
manently dry.  On  the  other  hand,  areas  of  dry  ground  have  been 
depressed,  and  have  become  the  sites  of  new  lakes. 

Some  of  the  most  important  changes  in  the  fresli  water  of  a  region, 

lio\v«.-vi*r,  are  produced  by  the  fall  of  masses  of  rock  and  earth,  which, 

liy  •laiiijiiiug  up  a  stream,  may  so  arrest  its  water  as  to  form  a  lake.    If 

!  rrier  bo  of  sufficient  strength,  the  lake  will  Ix)  permanent ;  though, 

the   uiraally   loose,  incoherent   character  of  its    materials,  tiie 

^'JS^  xxviii  p.  257.   Far  a  catalogue  of  Indian  Earthquakes  down  to  the 
JJftT         •-.«•  tow.  flW.  Amt.  JiMWa,  xix.  part  2. 
Ht^  •ffM  Bl.  «iL  777. 
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dam  thrown  across  the  pathway  of  a  stream  runs  a  groat  risk  of  Ix-'iiig 
undermiued  by  the  percolating  water.  A  sudden  giving  way  of  the 
barrier  allows  the  confined  water  to  rusli  with  great  violence  down 
the  valley,  and  to  produce  perhaps  tenfold  more  havoc  there  than  may 
have  been  caused  by  the  original  earthquake.  When  a  landslip  is  of 
sufficient  dimensions  to  divert  a  stream  from  its  previous  course,  the 
new  channel  thus  taken  may  become  permanent,  and  a  valley  may  be 
cut  out  or  widened. 

3.  Effects  upon  the  sea. — The  great  sea- wave  propagated 
outward  from  the  centre  of  a  sub-occaiiio  earthquake  and  reaching 
the  land  after  the  eiirth-wave  has  arrived  there,  gives  rise  to  much 
destruction  along  the  maritime  parts  of  the  distnrlKjd  region.  As  it 
approaches  the  shore,  the  littoral  waters  retreat  seawards,  sucked  up,  as 
it  were,  by  the  advancing  wall  of  water,  which,  reaching  a  height  of 
Bumetimes  60  feet  or  more,  rushes  over  the  bare  beach  and  sweeps  inland, 
carrying  with  it  everything  which  it  can  dislodge  and  bear  away. 
LooBo  blocks  of  rock  are  thus  lifted  to  a  considerable  distance  from  theit 
former  position,  and  left  at  a  higher  level.  Deposits  of  sand,  gravel, 
and  other  superficial  accumulations  are  torn  up  and  swept  away,  while 
the  surface  of  the  country,  as  far  as  the  limit  reached  by  the  wave,  is 
strewn  with  dubris.  If  the  district  has  been  already  shattered  by  the 
passage  of  the  earth-wave,  the  advent  of  the  great  sea-wave  augments 
and  completes  the  devastation.  The  havoc  caused  by  the  Lislx)n  earth- 
qnake  of  1755,  and  by  that  of  Peru  and  Ecuador  in  18G8,  was  much 
aggrai'ated  by  the  co-operation  of  the  oceanic  wave. 

4.  Permanent  changes  of  level. — It  has  been  observed, 
after  the  passage  of  an  earthquake,  that  the  level  of  tlie  disturbed 
country  has  sometimes  been  changed.  Thus  after  the  terrible  earth- 
quake of  19th  November,  1822,  tlie  coast  of  Chili,  for  a  long  distance, 
*a8  found  to  have  risen  from  3  to  4  feet,  so  that  along  shore,  littoral 
shells  were  exixised  still  adhering  to  the  rocks,  amid  multitudes  of  dead 
fish.  The  same  cuast-line  has  been  further  ui)raised  by  subseciuent 
earthquake  shocks.  On  the  other  hand,  many  instances  have  been 
ohservcd  where  the  effect  of  the  earthcpiakc  has  been  to  depress 
permanently  the  disturbed  ground.  For  example,  by  the  Bengal  earth* 
quake  of  17G2,an  area  of  00  square  miles  on  the  coast,  near  Chittagong, 
suddenly  went  down  beneath  the  sea,  leaving  only  the  tops  of  the 
higher  eminences  alx>ve  water.  The  succession  of  earthquakes  which  in 
the  years  1811  and  1812  devastated  the  basin  of  the  Mississippi,  gave 
rise  to  widespread  depressions  of  tlie  ground,  over  some  of  which,  a}x)ve 
alluded  to,  the  river  spread  so  as  to  form  new  lakes,  with  the  tops  of  the 
trees  still  standing  al)ove  the  surface  of  the  water. 

DiBtribntioxi  of  Earthquakes. — While  no  large  space  of  the  earth's 
nrface  seems  to  1x3  free  from  at  least  some  degree  of  earthquake-move-' 
ment,  there  are  regions  more  especially  liable  to  the  visittition.  As  a 
rule,  earthquakes  are  most  frecxuent  in  volcanic  districts,  the  explosions 
of  a  volcano  being  generally  i)rcceded  or  accoiiii>anied  by  tremors  of 
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greater  or  loss  intonsity.  lu  the  Old  World,  a  great  belt  of  earthquake 
disturbanco  st  retches  in  an  east  and  Avest  direction,  along  that  tract  of 
remarkable  depressions  and  elevations  lying  between  the  Alps  and  the 
mountains  of  northern  Africa,  and  S2)reading  eastward  so  as  to  oncloso 
the  basins  of  the  Mediterranean,  Black  Sea,  Caspian,  and  Sea  of  Aral,  and 
to  rise  into  the  great  mountain-ridges  of  Central  Asia.  In  this  zone  lie 
numerous  volcanic  vents,  both  active  and  extinct  or  dormant,  from  the 
Azores  on  the  west  to  the  basaltic  plateaux  of  India  on  the  east.  The 
Pacific  Ocean  is  surrounded  with  a  vast  ring  of  volcanic  vents,  and  its 
borders  are  likewise  subject  to  frc(iuent  earthquake  shocks.  Some  of 
the  most  terrible  earthquakes  within  human  experience  have  been  those 
which  have  affected  the  western  seaboard  of  South  America. 

Origin  of  Earthquakes. — Though  the  phenomena  of  an  earthquake 
become  intelligible  as  the  results  of  the  transmission  of  waves  of  shock 
arising  from  a  centre  where  some  sudden  and  violent  impulse  has  been 
given  within  the  terrestrial  crust,  the  origin  of  this  sudden  blow  can 
only  be  conjectured.  Various  conceivable  causes  may,  at  dififerent  times 
and  under  difTerent  conditions,  communicate  a  shock  to  the  subterranean 
regions.  Such  are  the  sudden  flashing  into  steam  of  water  in  the 
s2}heroidal  state,  the  sudden  condensation  of  steam,  the  explosions  of  a 
volcanic  orifice,  the  falling  in  of  the  roof  of  a  subterranean  cavity,  or  the 
sudden  snap  of  deep-seated  rocks  subjected  to  prolonged  and  intense  strain. 

In  volcanic  regions,  the  frequent  earthquakes  which  precede  or 
accompany  erui)tions  are  doubtless  traceable  to  explosions  of  olastio 
vapours,  and  notably  of  steam.  As  earthquakes  originate  also  in  districts 
remote  from  any  active  volcano,  and,  so  far  as  observation  shows,  at 
comparatively  sliallow  depths,  these  cannot  bo  oonnected  with  ordinary 
volcanic  action,  though  it  is  possible  that  by  movements  of  molten  or 
highly-heated  matter  within  the  crust  and  its  invasion  of  the  upper 
layer,  to  which  meteoric  water  in  considerable  quantities  descends, 
sudden  and  extensive  generation  of  steam  may  occasionally  take  place.^ 
In  minor  cases,  whore  the  tremor  is  comparatively  slight  and  looal,  -we 
may  conceive  that  the  collapse  of  the  roof  or  sides  of  some  of  tlie 
numerous  tunnels  and  caverns  dissolved  out  of  underground  rocks  by 
permeating  water  may  suffice  to  produce  the  observed  shocks.^  There 
appears  reason  to  believe  that  the  most  convulsive  earthquakes  originate 
under  the  sea,  as  in  the  cases  of  the  great  Lisbon  earthquake  and  those  of 
Peru,  Chili,  and  Japan.  For  these  it  is  as  yet  difficult  to  imagine  an 
adequate  cause.  One  of  the  most  obvious  sources  of  disturbanco  is  the 
rupture  of  rocks  wthin  the  crust  under  the  intense  strain  produced 
by  subsidence  upon  the  more  rapidly  contracting  inner  hot  nucleus. 

*  Pfnff,  *  AUgemoine  Geologic  als  czacto  Wissenschaft,'  p.  280. 

^  lu  tho  Yisp  Thai,  Canton  Wallis,  for  example,  -where  tliero  are  aomo  twenty 
springs  currying  up  gypsum  in  solution  (one  of  them  to  the  extent  of  200  cubic  metvu 
annually),  continued  rumblings  and  sharp  shocks  are  from  time  to  time  oxperionoed.  In 
July  and  August,  1855,  these  movements  Listed  upwards  of  a  month,  and  gave  rise  to 
the  fissuring  of  buildings  and  the  precipitation  of  landslips.  In  tho  honeycombed  lime- 
stone tract  of  tho  Karst,  also,  earthquakes  of  varied  intensity  arc  of  constant  oconrrenoe. 
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This  may  oonceivably  afifect  mountainous  torrostrial  areas ;  but  wo  do 
not  know  how  it  would  affect  the  sea-floor.  In  mountainous  districts, 
many  different  degrees  of  shook,  from  more  tremors  up  to  imjiortaut 
earthquakes,  have  been  observed,  and  these  are  not  improbably  due  to 
sudden  more  or  less  extensive  fractures  of  rocks  still  under  great 
strain.^  Hoemes,  from  a  study  of  European  earthquake  phenomena, 
concludes  that  though  some  minor  earth-tremors  may  be  due  to  the 
collapse  of  underground  caverns,  and  others  of  local  character  to 
volcanic  action,  the  greatest  and  most  important  earthquakes  are  the 
immediate  consequences  of  the  formation  of  mountains,  and  he  connects 
the  lines  followed  by  earthquakes  with  the  structural  lines  of  moun- 
tain-axes.^ 

From  what  was  stated  at  the  beginning  of  the  present  section,  it  is 
evident  that  some  connection  may  be  expected  to  be  traceable  between 
the  frequency  of  earthquakes  and  the  earth's  ix)sition  with  regard  to  the 
moon  and  sun,  on  the  one  hand,  and  changes  of  atmospheric  conditions, 
on  the  other.  Accordingly,  a  comparison  of  the  dates  of  recorded  earth- 
quakes seems  to  bear  out  the  following  conclusions  :  1st.  An  earthquake 
maximum  occurs  about  the  time  of  new  moon ;  2nd.  Another  maximum 
appears  two  days  after  the  flrst  quarter ;  3rd.  A  diminution  of  activity 
oocnrs  about  the  time  of  full  moon ;  4th.  The  lowest  earthquake 
minimum  is  on  the  day  of  the  last  quarter.^  There  is  likewise 
observable  a  seasonal  maximum  and  minimum,  earthquakes  occurring 
most  frequently  in  January,  when  the  earth  is  nearest  the  sim,  and  least 
frequently  in  July,  when  it  is  farthest  from  him.*  Out  of  656  earth- 
quakes chronicled  in  France  up  to  the  year  1845,  threo-fiftlis  took  place 
in  the  winter,  and  two-fiftlis  in  the  summer  months.  In  Switzerland 
thev  have  been  o])Scrved  to  be  about  throe  times  more  numerous  in 
winter  than  in  summer.  Tlie  same  fact  is  remarked  in  tlio  history  even 
of  the  slight  earthquakes  in  Britain.  A  daily  maximum  ap^iears  to 
occur  about  2.30  a.m.,  and  a  minimum  a})out  thrce-quarterH  of  an  hour 
after  noon.  No  connection  has  yet  ]x)en  natisfactorily  estiiblished 
between  the  occurrence  of  earthquakes  and  sun-spots.  The  j^roater 
frequency  of  earthquakes  in  winter  miglit  Ik)  expecteil  txj  indicate  a 
relation  Ijetween  their  occurrence  and  atmospheric  pressure.  And  it 
appears  probable  that,  as  a  rule,  earthquakes  are  more  frequent  with  a 
low  than  with  a  high  barometer.^ 

Section  ill.    Secular  Upheaval  and  Depression. 

Ik^ides  scarcely  i>erceptible  tremors  and  more  or  k'ss  violent  move- 
ments due  to  earthquake-shocks,  the  crust  of  the  earth  undergoes  in 
many  places  oscillationrt  of  an  cxtn^mely  (juii^t  and  uniform  character, 

•  Bee  potiraj  p.  287.    Suewj,  *  Kntslehunp  tl<;r  Al[M'n,*  Vicinm,  1875. 
«  ••Eidbobcn  Stiulien,"  JaJirh.  Oeof.  liekhs.  xxviii.  (1878;  p.  118. 

»  J.  F.  J.  Schmidt,  "Studim  ubor  Erdbebcn,"  2ii(l  (il.  (1871) J  p.  18. 

•  Ibid,  p.  20.    Sco  tho  works  of  Perrcy  cited  on  p.  250. 

•  6ehmidt»  op.  cU.  p.  23.    F.  Griigcr,  Neuet  Jahrft,  1878,  p.  1)28. 
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Koiiit' til  IK'S  in  an  ui)ward,  soniotimes  in  a  downward  direction.  So  trau- 
cpiil  may  these  changes  bo,  as  to  produce  from  day  to  day  no  appreciablo 
alteration  in  the  aspect  of  the  ground  aflfected,  bo  that  only  after  the 
lapse  (.)f  several  generations,  and  by  means  of  careful  measurements, 
can  they  re^illy  be  proved.  Indeed,  in  the  interior  of  a  country  nothing 
but  a  series  of  accurate  levellings  from  some  unmoved  datuni-line 
might  detect  the  change  of  level,  unless  the  effects  of  the  terres- 
trial disturbance  showed  themselves  in  altering  the  drainage.  It  is 
only  along  the  sea-coast  that  a  ready  measure  is  afforded  of  any  such 
movement. 

It  is  customary  in  popular  language  to  speak  of  the  sea  rising  or 
falling  relatively  to  the  land.  AVe  cannot  conceive  of  any  })os8iblo 
augmentation  of  the  oceanic  waten*,  nor  of  any  diminution,  save  what 
may  Ikj  due  to  the  extremely  slow  processes  of  abstraction  by  tho 
liydration  of  minerals  and  absoi-^^tion  into  the  earth's  interior.  Any 
changes,  therefore,  in  tho  relative  levels  of  sea  and  land  must  be  duo 
to  some  readjustment  in  the  form  either  of  tho  solid  glolx)  or  of  its 
watery  envelope  or  of  both.  Playfair  ix)inted  out  at  the  beginning  of 
this  century  that  no  subsidence  of  the  sea-level  could  be  local,  but  must 
extend  over  the  globe.  ^ 

Various  suggestions  have  been  made  regarding  possible  causes  of 
alteration  of  the  sea-level.  Thus  a  shifting  of  the  present  distribution 
of  density  within  the  nucleus  of  the  planet  would  affect  the  position  and 
level  of  the  oceans  {ante^  p.  45).  A  change  in  the  earth's  centre  of  gravity, 
such  as  might  result  from  the  accumulation  of  large  masses  of  snow  and 
ice  as  an  ice-cap  at  one  of  the  poles,  has  been  already  (p.  18)  referred 
U)  as  tending  to  raise  the  level  of  the  ocean  in  the  hemisphere  so 
affected,  and  to  diminish  it  in  a  corresi)onding  measure  elsewhere.  The 
return  of  the  ice  into  the  state  of  water  would  produce  an  ojjjKisite 
(jffect.  A  still  further  conceivable  source  of  geogi'aphical  disturlmnce  is 
to  Ix)  found  in  the  fact  that,  as  a  consequence  of  the  diminution  of 
centrifugal  forw  owing  to  tho  retardation  of  the  earth's  rotiition  causetl 
by  the  tidal  wave,  the  sea-level  must  have  a  tendency  to  subside  at  the 
equator  and  rise  at  the  i)oles.^  A  larger  amount  of  land,  however,  need 
not  ultimately  be  laid  bare  at  the  e(j[uator,  for  the  change  of  level 
ivsulthig  from  this  cause  would  bo  so  slow  that,  as  Dr.  CroU  has  pointed 
out,  the  general  degradation  of  the  surface  of  the  land  might  keep  jmoe 
with  it  and  diminish  the  teiTestrial  area  as  much  as  the  retreat  of  the 
ocean  tended  to  increase  it.  Tho  same  writer  has  further  suggested 
!]•  if  iIk'  waste  of  the  equatorial  land,  and  the  deposition  of  the  detritus 
;..  lii-lu'V  latitudes,  maystill  further  counteract  the  effects  of  retardation 
\\\A  the  consequent  change  of  ocean -level  .^ 

«  •  lUoBtra^nui  of  the  Huttnnian  Theory,'  1 802.    The  same  concluBion  fas  aunoonceJ 
iv  1^  ^,^W.  •  BdM  duich  Norwegcn  und  Lapland/  1810. 

J^  CwU,  fML  Mag.  1868,  p.  382.    Sir  W.  Thomson.  Tran$,  Geol  8oc.  Glatgow.  iii. 

I  V^«A*^  ULife*  ^  ^^^^  ®^  ^^^^  ^^y  ^*"*i  deiicnd  Upon  corUiu  lar^v 

kiiimnwir  *«  «»  Bbitioal  figwro  of  tho  txjvanic  envelope ;  tlmt  not  only  »w 
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The  balance  of  evidence  at  present  available  seems  decidedly  adverse 

to  any  theory  which  would  account  for  ancient  and  modem  changes  in 

the  relative  level  of  sea  and  land  by  variations  in  the  figure  of  the 

oceanic  envelope,  but  to  be  in  favour  of  regarding  such  changes  as  due 

to  movements  of  the  solid  crust.     The  proofs  of  upheaval  and  sub- 

udence,  though  sometimes  obtainable  from  wide  areas,  are  marked  by  a 

want  of  uniformity  and  a  local  and  variable  character,  indicative  of  an 

action  local  and  variable  in  its  operations,  such  as  the  folding  of  the 

terrestrial  crust,  and  not  unifonn  and  wide-spread,  such  as  might  be 

piedioated  of  any  alteration  of  sea-level.    While  admitting  therefore 

that,  to  a  certain  extent,  oscillations  of  the  relative  level  of  sea  and  land 

may  have  arisen  from  some  of  the  causes  above  enumerated,  we  must 

hold  that,  on  the  whole,  it  is  the  land  which  rises  and  yinks  rather  than 

the  sea.^ 

{ 1.  Upheaval. — Various  maritime  tracts  of  land  have  been  ascer- 
tained to  have  undergone  in  recent  times,  or  to  be  still  undergoing, 
a  gradual  elevation  above  the  sea.  Thus,  the  coast  of  Siberia,  for 
60t)  miles  to  the  east  of  the  river  Lena,  the  islands  of  Spitzbergen  and 
Kovaja  Zemlja,  the  Scandinavian  peninsula  with  the  excepticm  of  a 
small  area  at  its  southern  apex,  and  a  maritime  strip  of  western 
South  America,  have  been  proved  to  have  been  recently  upheaved.  In 
learching  for  proofs  of  such  movements  the  student  must  be  on  his 
guard  against  being  deceived  by  any  apparent  retreat  of  the  sea,  which 
may  be  due  merely  to  the  deposit  of  gravel,  sand,  or  mud  along  the 
Aore,  and  the  consequent  gain  of  land.  Local  accumnlations  of  gravel, 
or  "storm  beaches,"  are  often  throvn  up  by  storms,  even  ahovo  the 
level  of  ordinary  high-tide  mark.  In  estuaries,  also,  considerable  tracts 
of  low  ground  arc  gradually  raised  above  the  tide  level  l)y  the  slow 
deposit  of  mud.  The  following  proofs  of  actual  rise  of  the  land  are 
chiefly  to  be  relied  on.^ 

Evidence  from  dead  orpjanisme. — Rooks  covered  with  barnacles  or  other 
littoral  adherent  animals,  or  pierced  by  litliodomous  shells,  afford  presmnptivo  proof  of 
the  prej«nco  of  the  sea.  A  single  stone  with  these  creatures  on  its  surface  would  not 
1»  tttidfactory  evidence,  for  it  might  be  04ist  up  by  a  storm ;  but  a  lino  of  largo 
bnolders,  whicli  had  evidently  not  been  moved  since  the  cirripedcs  and  molhmks  lived 
apon  thorn,  and  still  more  a  solid  clilT  witli  these  marks  of  littoral  or  sub-littoral  life 
apen  itit  bo«e,  now  raised  above  high-water  mark,  wouM  bo  suffioiout  to  demonstrate  a 
rwp  of  hind.    The  amount  of  the  upheaval  might  l>o  pretty  accurately  detcnnined  by 


'*nutt«l beaches"  to  bo  thus  explained,  but  that  there  are  abiiolutoly  no  vertical  movo- 
■(-nt«  of  the  crust  save  such  as  may  fonn  part  of  the  plication  arising  from  uocular 
eootnrtion  ;  and  Uiat  the  doctrine  of  secular  fluctuations  in  tlie  levol  of  the  contincMits 
ii  merely  a  laanant  of  the  old  **  Krhebungstheorie/*  destined  to  speedy  extinction. 
(S«  Vtrhand.  Gtol,  Iteichs,  1880,  No.  11.)  *  Antlitz  der  Erde/  Leipzig,  1883.  Pfuff 
d^end!!  the  general  opinion  against  these  views  in  ZviUch.  DnUsch.  (hoi.  Crtx.  1884. 

'  For  the  arguments  against  the  view  above  adopted  and  in  favour  of  tlio  doctrine 
thit  the  increase  of  the  land  above  sea-level  is  duo  to  Ww  retirement  of  tlu^  s<;i,  acv 
H.  Tnntachold,  Bulletin  Societe  Imp.  des  Naturalhtts  de  Moscou,  xlii.  (18(11))  jmrt  i. 
f-  1;  1888,  Ka  2,  p.  341;  Bull.  Soc.  Otol  France  (3)  viii.  (187i0  p.  134;  Suess, 
IB  the  ptpen  above  cited. 

'  See*'£arlhi|imkes  and  Volcanoes"  (A.  O.),  Olmmberr^'fj  Mhrnhnuj  of  Trar(», 
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measuring  the  vei-tical  distance  between  the  upper  edge  of  the  barnacle  lone  upon  the 
upraised  rock,  and  the  limit  of  the  same  zone  on  the  present  shore.  By  tluB  kind  of 
evidence,  the  recent  uprise  of  the  coast  of  Scandinavia  has  been  proved.  The  shell- 
borings  on  the  pillars  of  the  temple  of  Jupiter  Serapis  in  the  Bay  of  Naples  proye  firsl 
a  depression  and  then  an  elevation  of  the  ground  to  the  extent  of  more  than  twenty 
fcet.^  Raised  coral-reefs,  formed  by  living  species  of  corals,  are  a  conspionous  feeioxe 
of  the  geology  of  the  West  Indian  region.  The  terraces  of  Barbodoes  are  partioolarly 
striking.  In  Cuba,  a  raised  coral-reef  occurs  at  a  height  of  1000  or  1100  feet  above  the 
sea.^  In  Peru,  modern  coral-limestone  has  been  found  2900  or  3000  feet  above  sea- 
level.'  Again,  in  the  Solomon  Islands,  evidence  of  recent  uprise  is  furnished  by  ooial 
reefs  lying  at  a  height  of  1100  feet.* 

The  elevation  of  the  sea  bottom  can  in  like  manner  be  proved  by  dead  cnrgaiiifms 
lixcd  in  their  position  of  growth  beneath  high-water  mark.  Thus  dead  specimens  of 
Mya  truncaia  occur  on  some  parts  of  the  coast  of  the  Firth  of  Forth  in  considerable 
numbers,  still  placed  with  their  siphuncular  end  uppermost  in  the  stiff  clay  in  which 
they  harrowed.  The  position  of  tliese  shells  is  about  high-water  mark,  but  as  their 
existing  descendants  do  not  live  above  low-water  mark,  we  may  infer  tliat  the  coast  has 
been  raised  by  at  least  the  difference  between  high  and  low-water  mark,  or  eighteen  feet* 
Dead  shells  of  the  large  Photos  dactylus  occur  in  a  similar  position  near  high-water 
mark  on  the  Ayrshire  coast.  Even  below  low^-water,  examples  have  been  noted,  as  in 
the  interesting  case  obser\'ed  by  Bars  on  the  Diul)aksbank  in  the  Chtistiania  Fjord, 
where  dead  stems  of  Oculina  prolifei-a  (L.)  occur  at  depths  of  only  ten  or  fifteen  fiEithonia. 
This  coral  is  really  a  deep-sea  form,  living  on  the  western  and  northern  coasts  of 
Norway,  at  depths  of  one  hundred  and  fifty  to  three  hundred  fathoms  in  cold  water.  It 
mmst  have  been  killed  as  the  elevation  of  the  area  brought  it  up  into  upper  and  wanner 
layers  of  water.'  It  lias  even  been  said  that  the  pines  on  the  edges  of  the  Norwegian 
snow-iields  are  dying  in  consequence  of  the  secular  elevation  of  the  land  bringing  them 
up  into  colder  zones  of  the  atmosphere. 

Any  stratum  of  rock  containing  marine  organisms  which  have  manifestly  lived  and 
died  where  their  remains  now  lie,  must  be  held  to  prove  upheaval  of  the  land.  In  this 
way,  it  can  be  shown  that  most  of  the  solid  land  now  visible  to  us  has  once  been  under 
the  sea.  High  on  the  flanks  of  mountain-chains  (as  in  the  Alps  and  Himalayas), 
undoubted  marine  shells  occur  in  the  solid  rocks. 

Sea- worn  Cave s. — A  line  of  sea-worn  caves,  now  standing  at  a  distance  above 
high- water  mark  l)eyond  the  reach  of  the  sea,  affords  evidence  of  recent  uprise.  In  the 
accomi)anying  diagram  (Fig.  67)  examples  of  such  caves  are  seen  at  the  base  of  the 
cliff,  once  the  sea  margin,  now  separated  from  the  tide  by  a  platform  of  meadow-land. 

Uaised  Beaches  furnish  one  of  the  most  striking  proofs  of  upheaval.  A  beach 
or  space  between  tide-marks,  where  the  sea  is  constantly  grinding  down  sand  and 
<;ravel,  mingling  with  tliem  the  remains  of  shells  and  other  organisms,  sometimes  piling 
the  deiK)sits  up,  sometimes  sweeping  them  away  out  into  opener  water,  forms  a  iamiliar 
terrace  or  platform  on  coast  lines  skirting  tidal  seas.  When  land  is  upraised,  and  this 
margin  f»f  littoral  deposits  is  carried  above  the  reach  of  the  waves,  the  flat  terrace  thus 
elevated  is  known  as  a  "raised  Ixjacii "  (Figs.  C7,  (58).  The  former  high-water  mark 
tiioii  lies  inland,  and  while  its  sea-woni  caves  are  in  time  hung  with  ferns  and  mosses, 
th(i  beach  across  which  the  tides  once  flowed  fumirthes  a  platform  on  which  meailows, 

'  Babbttge.  Edin.  Phil.  Journ,  xi.  (1824),  91.    J.  I).  Forbes,  JEatii.  Joum.  8ci,  i. 
(18210,  p.  2G0.    Lyell,  *  Principles,'  ii.  p.  1(54. 
'  A.  Agassiz,  Amer,  Acad.  xi.  (1882)  p.  119. 
'  A.  Agassiz,  Bull.  Mu».  Comp.  Zool.  vol.  iii. 

*  H.  B.  Guppy,  Nature,  8rd  Junuaiy,  1884. 

*  Hugh  Miller's  *  Edinburgh  and  its  Neighbourhood,*  p.  110. 

«  Quoted  by  Vom  Rath  in  a  paper  entitled  "  Aus  Norwegen,"  Newn  Jahrb.  18G9, 
p.  422.    For  another  example,  see  (5wyn  Jeffnjys,  PHt.  Asmc.  18(57,  p.  431. 
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fields,  gaideiu,  tcaAt,  hoiuea,  Tillagea,  and  towiM  tpring  np,  while  n  new  bench  U  miido 
btlow  the  mugiu  of  the  nplifbxl  one.  A  BnceesMOO  of  raised  be&chea  may  occur  at 
mioiu  heights  above  the  sea.  E»ch  terrace  mnrks  a  former  lower  level  of  the  lond 
vith  ngud  to  tbo  lea,  and  probably  a  leng^thened  itay  of  the  land  at  that  level,  while 
Iho  tnteiTalB  between  them  represent  the  vertical  amiiunt  of  each  mocearivo  uplift, 


Htfl.— View  DlaUutof 

>^  thaw  that  the  Luul,  in  ila  upward  xaoremout,  did  not 
Bfiliite  pointa  for  the  fonnatiou  of  turracoa.  A 
>^  the  present  sca-lcrel,  nifty  therefore  bo  token 
M  pniuting  to  a  former  intcrmtltcnt  uphouval  of 
Qkt  (onutry,  interrupted  hj  long  pauses,  during 
■Uch  the  general  level  did  not  materially  chnn{;e. 
Baited  bcoehce  abound  In  the  kigiicr  lutifudcs 
I'tllie  northern  and  southern  licmisplicrca.  Tlicy 
*R  fonod,  for  example,  round  many  parts  of  the 
^wl-)inc  of  Britain.  De  la  Bcchc  gives  the  suh- 
jtued  view  (Fig.  69)  of  a  Cornish  locality  nhcie 
tlw  uiating  beach  ia  flanked  by  a  cliff  of  slale, 
\  NntiDiially  ent  away  by  the  Ka  so  lliat  the 
ortrlfing  raised  beach,  a,  e,  will  ere  hmg  dia- 
•Wear.  The  ooast-lliie  on  both  sides  of  Hcotknd  '•"'S^ 
'■Utwise  fringed  with  miseil  l>etH'hc-0.  fouic-times 
liKBcir  Sto  ticcurting  iibuve  each  oilier  at  hcij^htsof 
^  W.  SO,  GO,  Tii  anil  100  feet  abo\-e  tliu  prewiit 
Ulli-WBtct  mark.'  Olliers  are  found  oit  botli  xiclort 
•dlw  Knglish  Choniirl.'    Tlic  Bi'Ica  of  tlio 


KO-wom  caves  anil  rroutcil  1^  n 


-jmc  British  niisfd  hwiclirn,  foc  De  la  Bctlie, '  Runirt  on  Hoology 

"I  imon  and  Oonwall,'  chap.  xUi. ;  C.  Maclnrcn, '  GcoUigy  of  Fife  and  tho  liotliiuiis,* 
li* ;  B.  Chamber!, '  Ancient  Sea  BlarcinB ; '  rrcslwirb.  Q.  J.  Grol.  Soe.  xiviii.  p.  38 ; 
>txL  n  E3;  R.  BmMcll  and  T.  V.  Holmes,  Bril.  Anoe.  ISTG,  tkcts.  p.  t)S;  Lasher, 

(M  Jrs>i.  1979,  p.  lec. 

'  On  the  railed  beach  of  Sanj^tte,  near  Calais.  Rec  Prostwieh,  BiiU.  Snr.  Giol. 
'Wi  (3)  TuL  (ISSO)  jj.  547.  On  those  of  Finistorrc,  C.  »irroi»,  Anu.  Snr.  tliii. 
*'wl.tt.<l8M). 
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to  moro  thnii  GOO  fcot  aboro  iM-level,  are  nmrkcd  with  conipicDoiu  linea  of  tenaoM 
(Fig.  70).  Thc»o  tfrrncefl  are  portly  onlinury  bench  depoBita,  portly  notches  ent  tmt 
of  rook,  probably  with  tho  aid  of  drifting  coast-ice.'  Proofi  of  recent  elerotion  of 
the  Bkorca  of  the  MeJitcrraautu  ate  fiunislied  by  laiwid  benchei  at  varioo*  helgbti 


>1g.  «*.— View  o[  Qilwd  Bench,  Kellr'a  C«vc,Ooin»«ll  iB.). 

abOTo  tlio  present  vatar-Iorel.     In  Corsioa  auch  terraces  occur  at  boiglits  of  boa 
ir>  to  20  metres.* 

On  the  vrest  ooaat  of  South  Ameri(«,  linea  of  raised  tcnnco  containing  recent  shells 
linvo  bocii  traced  by  Darwin,  which  prove  a  great  nphenTal  of  that  part  of  the  gfabe 


in  modem  geologionl  time.  Tiio  terraces  arc 
tlin  Boutii.  On  the  frontier  of  lioliviii,  they  i 
ej[inting  wa-leTcl,  hut  ncnrcr  Uio  liiglior  tnusi 


not  quite  horizontal  bnt  rise  townidt 
cenr  at  from  05  tn  80  fort  above  the 
of  the  Chllinn  Andes  they  are  fomtd 


'  Sec  It.  Chambers,  'Tracinga  of  the  Xnrlh  of  Enropo'  (1850),  p.  172,  rf  wo. 
ItrsTais, '  Voyages  de  la  Comnussion  Sciontiflqne  du  Nord,'  &c.,  translated  In  Q.  J.  OeoL 
fhe.  i.p.  534.  Xjernlf,  Z.  DnUieh.  Gfol  Get.  xxii.  p.  I.  'Die  Geologle  dea  sQd.  uod 
inittl.  Norwtwjn,'  1880.  p.  7.  fifof.  Mag.  viii,  p.  74.  S.  A,  Si'xo, "  On  Rise  of  Land  in 
Scandinavia,  Jitdfz  SchdIaTttm  of  VnirertUy,  Cliriaiianin,  1872.  H.  Motin.  NyU  Mag. 
Kai.  xxii.  p.  1.  Dakjnii,  Geol.  mig.  1B77,  p.  72.  K.  Pettcrsen,  ^reS.  Mafk.  Nat. 
Chritllaaia,  1878,  p.  IB2,  Geol.  Mag.  1870,  p.  298.  TromrO  Muimmi  Aar^fta;  lU. 
18S0.  Lebmann,  '  Uebcr^?licmnlige  8trandlinier,'  &c.,  Halle,  ISTO;  Zeit»fk.  gn. 
NalHririM.  1880,  p.  28".  =  Jlall.  Sob.  Gt'J.  Fnin'v  (3),  iv.  p.  8a 
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at  1000,  ami  near  Yalpaniirio  at  1300  feet.    That  H^itno  of  Ihoso  nnoii-iit  H(*a-nmr<<;iiiu 

lit-long  tu  the  human  |K'rkx1,  was  Hhowu  hy  Mr.  Diirwiu'n  tliHcovcry  of  hhcllrt  wiili  bones 

of  binU,  cars  of  maize,  plaited  nMxU  and  cuttnn  throad  in  one  of  tlio  terraced  op|K)sito 

Calhiu  at  a  lieight  of  85  fuC't'     Kairiiul  Ijoaolies  occur  in  X(;w  Zealand,  and  indi(Miie  a 

'pOX'atc'r  elevation  of  tlie  southern  tlian  tho  northern  part  of  tlio  country.'    It  shouKl 

be  obserrod  that  this  increased  rise  of  the  terraces  polewards  occurs  both  in  tho 

Bortbem  and  southern  hemisphere,  and  is  odb  of  the  facts  insisted  niK>n  by  those  who 

would  explain  tlic  terraces  by  displacements  of  the  sea  rather  than  of  the  land. 

Uuman  Records  and  Traditions. — In  countries  which  have  been  long 

H'ttlal  by  a  human  population,  it  is  sometimes  possible  to  prove,  or  at  h^nst  to 

Muler  probable,  the  fact  of  recent  upriso  of  tho  land  by  reference  to  tra<lition,  t)  local 

naiiu-s,  and  to  works  of  human  construction.    Piers  and  har1)onrs,  if  now  foun<l  to 

Rtaud  a1>ov6  tlio  upper  limit  of  high-water,  furnish  indd^l  indisputable  evi(h-nce  ot 

a  rise  of  hind  sinc^j  their  erection.    Xumerous  proofs  of  a  recent  upheaval  of  the  coast 

liDe  uf  the  Arctic  Ocean  from  Spitzbergen  eastward  hav<(  Ixittn  observed.    U'ho  Finninh 

f'tti't  is  re|>orted  to  have  rist^n  6  feet  4  inches  in  127  years.'    At  Spitzbergcn  itself, 

U-viiU-B  its  raised  beaches,  bearing  witness  to  previous  elevations,  small  islands  which 

eiiitcil  two  hundred  years  ago  are  now  joined  to  larger  ])ortions  of  land.    At  Xov^ja 

Ztmlja,  where  six  raised  beaches  were  found  by  Nordimskjuld,  the  highest  being  GOO  feet 

abjTv  scu-lcrel,^  there  seems  to  have  been  a  rising  of  the  sea-bottom  to  the  extent  of 

l'"Hi-et  or  more  since  tho  Dutch  expedition  of  1594.    ()\\  the  north  coast  of  SilxTia 

tlie  iiland  of  Diomida,  observed  in  17G0  by  Chalaourof  to  the  east  of  Cape  Sviatoj,  was 

f'»anil  by  Wrangel  sixty  years  afterwards  to  have  been  united  to  tho  nuiiuland.*    From 

Qia^  Diadc  on  the  coast  in  the  middle  of  last  century  it  apj>cars  that  the  north  of 

^veicD  has  risen  about  7  feet  in  the  last  154  years,  but  that  tho  movement  has  lessened 

Katliwards  until  in  ):>cania  it  has  been  replaced  by  one  in  a  downward  direction  (see  p.  2(>8). 

§  2.  Subsidence. — It  iH  more  difficult  to  trace  a  downiward  luove- 

meiit  of  land,  for  tho  evidence  of  each  succx^ssive  Bea-niargiii  ik  carried 

4iiwu  and  washed  away  or  covered  up.     The  etudont  will  tnkf^  can*  to 

jniurd  hiniHolf  against  lK*ing  misled  l:»y  mere  proofs  of  the  advance  of  tlie 

*>«i«mthe  laud.     In  tlie  great  majority  of  caseH,  wlirn;  siuli  an  advance 

i"5  taking  places  it  is  due  not  to  suhsidence  of  the  land,  but  to  erosiun  of 

till:  shores.     It  is,  indeed,  tlie  converse  of  tlie  deposition  kIkivo  mentioned 

d'. 'JiHj  as  lialde  to  Ik;  mistaken  for  pr(»of  of  upheaval.     Tlu?  resultH  of 

'nere  erosion  by  the  sea,  however,  and  those  of  a<^tual  do^jrcKsion  of  tluj 

level  of  the  land,  cannot  always  be  dLstinguished  without  some  care. 

TIm'  encroachment  of  the  wa  upon   the  land  may  involve   the  dis- 

Bppoarance  of  successive  fields,  roads,  housr-s,  villages,  and  even  whole 

iNirishcB,  without  any  actual  change  of  level  uf  the  land.     I'he  following 

l^iuds  of  evidence  may  Ik?  held  to  prove  the  fn(rt  of  suhsidenee. 

Submerged  Forests. — ^As  the  land  is  bnmirht  ilown  within  reaoh  of  the  wavrs, 
•*!  it*  oharactcriBtic  snrface-ffatnres  arc  eflaocd.  the  subnn'rjfc»l  area  may  ntain  liith" 
•riifi ividence  of  it«  liaving  Ix-en  a  land-surfaoo.  It  will  \y^'  covenil,  us  a  nile,  with  seu- 
'-  "i  Kiad  or  rilt.    Hence,  no  dnnbt,  the  reaw>n  why,  ann»ng  the  marine  strata  whi«"lj 

'  M  ^illogical  Olwervatious,'  chap.  ix.    See  (i*oL  Muf.  Jv^TT,  j).  2x. 

'  HaaAt'a  *  Geology  of  Cautcrbury/  1871»,  p.  HGG. 

'  Aafwrr,  xxtL  p.  231.  »  Urol.  xv.  p.  12:5. 

•  «inid.  Bu/L  the.  Uwl.  France,  Snl  ffcr.  ii.  p.  .'^4S.    'J'race.-i  <»f  <  Hiiiati'His  of  hv.  I 

^iiltiii  historic  limes  have  been  ^bserve<l  in  tlie  N\tlKrliindH,  FlundiTH,  und  rpj-i-r 

^     litdL  Soe.  6W.  France,  2nd  ser.  xix.  p.  ."ijH:  3r«l  ser.  ii.  pp.  W;  222;  Anu.  So*-. 

'■  '  \''*rd,  V.  p.  218.     For  nllc^^ed  chaii;^s  of  li?vi-l  in  tin-  cMnary  <*i'  the  <;arinii".  n  «■ 

■  •  'ii'*,iW.  Aie,  iiim.  D«>nU'anx.  xxxi.  'I«7»J;  p.  2s7,  and  tin-  n  ply  *'\'  !»•  Ifi-riri.-. 
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Form  BD  muoh  of  the  stratified  portion  of  the  earth's  cnut,  and  ooutaiD  m  qmdj  yndU 
of  UtpreswoB,  ACtaal  truces  of  land-anrfaccB  are  comparatiTcly  rare.  It  is  only  nnder 
very  favournblo  circumitanMB,  as,  for  inetancc,  vhero  tho  area  is  sheltered  bom 
prevalent  winds  nod  wavos,  and  wLero,  tliereforo,  tho  sorftice  of  the  land  can  ainlt 
tmnquilly  under  tho  sra,  that  fiagmoQta  of  that  sarfaoe  may  be  presoTred  tudBr  orei- 
lyin(;  marino  accnmulatioDe.  It  is  in  snoh  places  that  "submerged  foiests"  oooor. 
TLp£o  are  stumps  of  trees  still  in  their  positions  of  growth  in  their  native  soil,  oRm 
ossncinted  with  beds  of  peat,  full  of  troe-roots,  hazcl-uuts,  branches,  leaves^  and  other 
inilications  of  a  terrestrial  surface. 

De  la  Bccho  has  described,  round  tho  shores  of  Devon,  Cornwall,  and  wcrtein 
Somerset,  a  Tcgctablo  aecnmulatinn,  consisting  tii  plants  of  the  some  »pecie«  aa  thrao 
which  now  grow  freely  on  the  adjoining  land,  and  iicciirring  as  a  bed  at  the  moutha  of 
vnllcys.  at  tlio  bottoms  of  sheltered  bays,  and  in  front  of  and  under  low  tracts  of  land, 
of  wliicli  tho  seaward  side  dips  beneath  tho  present  level  of  the  sea.'  Over  tUi 
Kiil>uii'rgod  land-surface,  sand  and  silt  containing  estnarine  shells  have  generally  beoD 
dcjiositcd,  whence  we  may  infer  that,  in  the  submergenn-,  the  valleys  first  boeama 
cstuarieH,  and  then  sen-lmys.    If  now,  in  the  winrso  of  bkw,  a  series  of  mich  snlimergcd 


Jj^i 


r-^      £/!^r— 3^-^  i-„^-«*J-*.« 


KUn.  ill  (ouiw  of  llmc,  mOer  Kme  of  Uie  Irem  liiul  Ulen  (fi).  und  ■  qnnntftir  oT  TFcetablc  Mil  Imi 
ncrnioulunl.  mclMliiB  here  unillhcrf  Ui*  biio«  or  ilMr  uid  men  (t  e),  Uie  ■«*  MBt,  uid  the  »•  OTW- 
floMng  It  threw  dovn  upoti  lu  Hurfkce  undy  or  muddy  di^puslti  (//). 

forests  shotild  be  formed  one  over  tho  otlier,  and  if,  finally,  they  should,  by  nphcaval  of 
the  sea-bottom,  be  once  mora  laid  dry,  so  as  to  be  capable  of  examioation  by  boring, 
well-sinking,  or  otherwise,  they  would  prove  a  former  long-contiaued  depression,  wiUi 
ititerrals  of  rest.  These  interrala  would  be  marked  by  the  buried  forests,  and  the 
progress  of  depression  by  the  strata  of  sand  and  mud  lying  botween  them.  In  shcol, 
tho  evidence  would  bo  strictly  on  a  posallel  with  that  furnished  by  a  snceesBion  of 
raised  bcoclies  as  to  a  former  protrooted  intermittent  elevation. 

Coral-islands. — Kvidenco  of  wide-spread  depression,  over  tho  am  of  tho 
I'ocitlc  and  Indian  Oceans,  has  been  adduced  from  the  stniclurc  and  growth  of  eoral-redii 
nnd  islands.  Mr.  Darwin,  many  yvan  ago,  stated  bis  belief  that,  as  tho  revf-buildinf: 
eniuls  do  not  livu  at  depths  of  more  tlian  20  to  30  fathonia,  and  yet  their  reefs  rise  out 
iif  di-cp  water,  the  sites  on  which  they  lutvo  formed  those  structures  must  bare  subsided, 
the  rate  of  subsidence  being  so  slow,  tliat  tlie  upward  growth  of  the  reefs  has  on  tho 
wikolo  kept  pace  wllli  it.*    More  recent  reeeorchcs,  however,  show  that  the  phenomena 

'  "Geology  of  Devon  and  Cornwall,"  Jlfem.  (7«il.  Surrey.  For  further  aocounto  ct 
British  submergoil  foresls,  see  Q.  J.  Geol.  Soe.  xiii.  p.  1 ;  miv.  p.  447.  GeoL  Mag.  t^. 
p.  76;  vii.  p.  04  ;  iii.  2nd  scr.  p.  491 ;  vi.  pp.  80.  251. 

'  See  Durwin's  '  Coral  Islands,'  Dana's  '  (Vimls  and  Coral  Islands,'  and  the  worici 
cited  poafea,  Book  III.  Part  II.  Section  iii.  §  3,  under  "  Coral-reefs." 
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of  coral-ieefd  are  capable  of  satisfactory  explaiiation  without  the  uocessity  of  siibsidonco, 
and  hence  that  they  can  no  longer  bo  adduced  as  evidence  of  the  subnideuce  of  lar^o 
areas  of  the  ocean.*  The  formation  of  coral-reefs  is  described  in  Book  III.  Part  II. 
Section  iii.,  and  Mr.  Darwin's  theory  is  there  more  fully  explaine<l. 

Distribution  of  plants  and  a n i m a  1  s.—^ince  the  appearance  of  Edward 

Foibea'a  essay  upon  the  connection  between  the  distribution  of  the  existing  fauna  and 

loia  of  tlie  British  Isles,  and  the  geological  changes  wliich  have  afTt-ct^i  tliat  area,' 

much  attention   has  been   given  to   the  evidence   furnished   by  the  googrophical 

diiitribntion  of  plants  and  animals  as  to  geological  revolutions.     In  some  cas^H,  tlie 

former  existence  of  land  now  submerged  has  been  iufcrred  with  considerable  confidetice 

from  the  distribution  of  living  organisms,  although,  as  Mr.  Wallace  has  shown  in  tlio 

(itt  of  the  supposed  **  Lemuria,"  some  of  the  inferences  have  been  unfounde<l  and 

nmccesaary.*    The  ])resent  distribution  of  plants  and  animals  is  only  intelligible  in  the 

light  of  former  geological  cliangcs.    As  a  single  illustration  of  the  kind  of  reasoning 

6om  present  zoological  groupings  as  to  former  geological  subsidence,  ruffrencc  may  1)0 

B»le  to  the  fact,  that  while  the  fishes  and  mollusks  living  in  the  seas  on  the  two  sides 

of  the  Isthmus  of  Panama  are  on  the  whole  very  distinct,  a  few  shells  and  a  large 

Dombcr  of  fishes  are  identical ;  whence  the  inference  has  been  drawn  that  though  a 

Iwul  Wiit;.'r-channel  originally  separated  North  and  South  America  in  Miocene  times, 

a  8crie8  of  elevations  and  subsidences  has  since  occurred,  the  most  recent  submersion 

htriog  lasted  but  a  short  time,  allowing  the  passage  of  locomotive  fishes,  yet  not 

Kbitting  of  much  change  in  the  comparatively  stationary  mollusks.^ 

Fjords. — ^An  interesting  proof  of  an  extensive  depression  of  the  north-west  of 
Europe  is  furnished  by  the  fjords  or  sea-lochs  by  which  tliat  region  is  indented.  A 
Q<wd  ia  a  long,  narrow,  and  often  singularly  deep  inlet  of  the  sea,  which  terminat(« 
i^Qtl  at  the  mouth  of  a  glen  or  valley.  l*he  word  is  Norwegian,  and  in  Norway  fjords 
tie  characteristically  developed.  The  English  wonl  "  firth,**  however,  is  tlie  same,  and 
the  ire«ti*m  coasts  of  the  British  Isles  furnish  many  excellent  examples  of  Qords,  such 
•*  the  Hcottish  Loch  Ileum,  Loch  Nevis,  Loch  Fyiie,  Garelocli ;  and  the  Irish  Lough 
^^'Vtc,  Ix>ugh  Swilly,  Bautry  Bay,  Dunmanus  Bay.  Similar  indentations  ul>ound  on 
thpwttit  coast  of  British  North  America.  Some  of  the  Alpine  lakes  (Lucerne,  Ganhi, 
^Ui^inrt*  and  others),  as  well  as  many  in  Britain,  arc  inland  examples  of  fjordn. 

There  can  bo  little  doubt  that,  though  now  fille<l  with  salt  water,  fjonls  have  Ix-en 
^ginally  Lind-valleys.  Tlie  long  inlet  was  first  excavated  as  a  vall*:y  or  glen.  Thu 
^jtoent  valley  exactly  corresponds  in  form  and  chamcter  with  the  hollow  of  the  fjonl, 
^l  muiit  be  regarded  as  merely  its  inland  prolongation.  That  the  glens  have  been 
*i«ivatefl  by  sub-aerial  agents  is  a  conclusion  l>onie  out  by  a  great  weight  of  evidence, 
vhieh  will  be  detailed  in  later  parts  of  this  volume.  If,  therefore,  we  admit  the  sub- 
*criil  origUi  of  the  glen,  we  must  also  grant  a  similar  origin  to  its  seaward  prolongation. 
CvRy  Qord  will  thus  mark  the  site  of  a  submerged  valley.  This  inference  is  confirnunl 
^7  the  diet  that  fjords  do  not,  as  a  rule,  occur  singly,  but.  like  glens  on  land,  lie  in  groups ; 
*^thtt,  when  found  intersecting  a  long  line  of  coast,  such  as  that  of  the  west  of  Norway 
**t]ie  west  of  Scotland,  they  serve  to  show  tliut  thu  land  has  there  sunk  down  so  an  to 
l^ouit  the  sea  to  ran  far  up  and  fill  submerged  glens. 

Human  eonstruotions  and  historical  records. — Should  the  sea  Ih^ 

'"'^-rrcd  to  rise  to  the  level  of  roads  and  buildings  which  it  n^-vt-r  U8e«l  t<)  touoli,  nliould 

'  "nncr  half-tide  xocks  cease  to  be  visible  even  nt  low  water,  and  should  nx'kn,  pnrvionsly 

**ti.vo  the  reach  of  the  highest  tide,  Ikj  turm-d  first  inlo  shore-reefs,  then  int/>  skerrii-.s 

'^^^\  Ubfts.wc  infer  tiiat  the  coast-line  is  sinking.    Suoh  kind  of  evidence  is  found  in 

•  Soe  Prot  J2oy.  Phy»,  Soc,  Etlinhurgh,  viii.  p.  1. 
^  Vrm.  Gtai,  Surrey,  vol.  i.  IHiO,  p.  ii^G, 

*  'U\bm\  Life,'  1880,  p.  394.     In  this  work  tho  <jue^tion  of   distribution  in   its 
-•'  '^l^i^uail  relations  is  treated  with  arlmimble  lucidity  and  fulncFH. 

^  ^'allaec,  *  rieogruphical  Diatribution  of  Animals,'  i.  ]•]>.  40,  7<>. 
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Scania,  the  moat  southerly  part  of  Bweden.  Streets,  built  of  course  ahoYe  higfa-waler 
mark,  now  lie  below  it,  with  older  streets  lying  beneath  them,  so  that  the  sabsidence  ii 
of  some  antiquity.  A  stone,  the  position  of  which  had  been  exactly  determined  by 
Linnseus  in  1749,  was  found  after  87  years  to  be  100  feet  nearer  the  watet^s  cdge.>  The 
west  coast  of  Greenland,  for  a  space  of  more  than  600  miles,  is  perceptibly  sinkiDg.  It 
has  there  been  noticed  that,  over  ancient  buildings  on  low  shores,  as  well  as  orer  entlvB 
islets,  the  sea  has  risen.  The  Moravian  settlers  have  been  more  than  once  driveo  to 
shift  their  boat-poles  inland,  some  of  the  old  poles  remaining  visible  imder  irftter.' 
Historical  evidence  likewise  exists  of  the  subsidence  of  ground  in  Holland  and 
Belgium.'  On  the  coast  of  Dalmatia,  Boman  roads  and  villaB  are  said  to  be  Tisibls 
below  the  sea.^  ' 

§  3.  Causes  of  Upheaval  and  Depression  of  Land. — ^These 
movements  must  again  bo  traced  back  mainly  to  consequences  of  the 
internal  heat  of  the  earth.  There  arc  various  ways  in  which  the  heat 
may  have  acted.  As  rocks  expand  when  heated,  and  contract  on 
cooling,  we  may  suppose  that,  if  the  crust  underneath  a  tract  of  land  has 
its  temperature  slowly  raised,  as  no  doubt  takes  place  round  areas  oi 
nascent  volcanoes,  a  gradual  uprise  of  the  ground  above  will  be  the 
result.  The  gradual  transference  of  the  heat  to  another  quarter  may 
produce  a  steady  siibsidence.  Basing  on  the  calculations  of  Colonel 
Totten,  cited  on  p.  275,  Lyell  estimated  that  a  mass  of  red  sandstone  one 
mile  thick,  having  its  temperature  augmented  200°  Fahr.,  would  raise 
the  overlying  rocks  10  feet,  and  that  a  portion  of  the  earth's  crust  oi 
similar  character  50  miles  thick,  with  an  increase  of  600°  or  800°,  might 
produce  an  elevation  of  1000  or  1500  feet.*  Again,  rocks  expand  by 
fusion  and  contract  on  solidification.  Hence,  by  the  alternate  melting 
and  solidifying  of  subterranean  masses,  upheaval  and  depression  of  the 
surface  may  possibly  bo  produced  (see  pp.  275,  280). 

But  processes  of  this  nature  can  evidently  effect  changes  of  level 
only  limited  in  amount  and  local  in  area.  When  we  consider  the  wide 
tracts  over  which  terrestrial  movements  are  now  taking  place,  or  have 
occurred  in  past  time,  the  explanation  of  them  must  manifestly  be 
sought  in  some  far  more  wide-spread  and  generally  effective  force  in 
geological  dynamics.  It  must  be  confessed,  however,  that  no  altogethei 
satisfactory  solution  of  the  problem  has  yet  been  given,  and  that  the 
subject  still  remains  beset  with  many  difficulties. 

*  According  to  Erdmann,  the  subsidence  has  now  ceased,  or  has  even  been  exchanged 
for  an  upward  movement  {Qeol.  F6r.  Stockholm  F6rharull.  i.  p.  93).  Nathorst  also  (hinki 
that  Scania  is  now  sharing  in  the  general  elevation  of  Scandinavia  {ibid,  p.  281).  II 
api)cars  that  the  zero  of  movement  now  passes  through  Bomholm  and  Lnaland. 

'  These  observations,  which  have  been  accepted  for  at  least  a  generation  naet  (JProe. 
Geol,  Soe.  ii.  183.5,  p.  208),  havo  recently  beou  called  in  question,  but  tne  alleged 
disproof  is  not  convincing,  and  they  are  hero  retained  as  worthy  of  credence^  Bee 
Suess,  Verhand,  Geol  Reichmnstalt,  1880,  No.  II. 

'  Lavnicyc,  *  Afiaissemcnt  du  sol  et  cnvasemcnt  dcs  fleuvcs,  survcnus  dans  lea  temps 
historiques,'  Brussels,  1859.  Grad,  Bull  Soc.  Geol  France,  ii.  3rd  ser.  p.  4C.  Aremu, 
'Physische  Geschichte  der  Nordseekiiste,*  1833.  Compare  also  R.  A.  Peacock  on 
*  Pliysioal  and  Uistorical  Evidences  of  vast  Sinkings  of  Land  on  ilio  North  and  West 
Coasts  of  France,'  &o.,  London,  18G8.  For  submerged  peat-beds  on  French  coast,  ace 
A.  Gaspard,  Ann.  Soc.  Gtol  Nord.  1870-74,  p.  40.  •  On  oscillations  of  French  coast, 
T.  Girard,  Bull  Son.  Geograph.  Paris,  ser.  G,  vol.  x,  p.  225;  E.  Delfortrio,  Act.  Soe. 
Linn.  Bordeaux^  b6t.  4.  vol.  i.  p.  79. 

^  flnll  a>m.  Gvol  Jhliauoy  1874,  p.  57.  »  *  Principles,'  ii.  p.  235, 
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Professor  Darwin,  in  one  of  his  recent  nieiuoirb  already  cited  (antCy 
\K    19),   has    snggcstod   a   possible   determining   cause   of   the   larger 
features   of  tho   earth's  surface.     Assuming   for  his   theory  a  certain 
degree  of  viscosity  in  tho  earth,  he  jwints  out  that,  under  the  combined 
influenco  of  rotation  and  the  moon's  attraction,  the  polar  regions  tend 
to  ontstrii)  tho  equator,  and  to  acquire  a  consequent  slow  motion  from 
west  to  east  relatively  to  tho  equator.     The  amount  of  distortion  pro- 
duced hy  this  screwing  motion  ho  finds  to  have  been  so  slow,  that 
45,iX)0,000  years  ago,  a  i^oint  in  lat.  30^  would  have  Ixjcn  4J',  and  a 
point  in  lat.  60^  14^'  further  west,  with  reference  to  the  cfpiator,  tlian 
they  are  at  present.     This  slight  transference  shows  us,  ho  remarks, 
that  the  amount  of  distortion  of  the  surface  strata  from  this  cause  must 
fe  excoe^lingly  minute.     But  it  is  conceivable  that,  in  earlier  conditions 
uf  the  planet,  this  screwing  action  of  tho  earth  may  have  had  some 
influence  in  determining  tho  surface  features  of  the  planet.     In  a  body 
not  i^erfectly  homogeneous  it  might  originate  wrinkles  at  the  surface 
ninning  jKjrpendicular  to  tho  direction  of  greatest  pressure.     **  In  the 
c;«c  of  tho  earth,  tho  wrinkles  would  run  north  and  south  at  the  equator, 
*iid  would  bear  away  to  the  eastward  in  noi'therly  and  southerly 
latitudes,  so  that  at  the  north  pole  the  trend  would  be  north-east,  and 
*t  the  south  pole  north-west.     Also  tho  intensity  of  the  wrinkling  force 
"V'aries  as  the  square  of  the  cosine  of  the  latitude,  and  is  thus  greatest  at 
tie  e(|nator  and  zero  at  the  poles.     Any  wrinkle,  when  once  formed, 
"^unld  have  a  tendency  to  turn  slightly,  so  as  to  become  more  nearly 
c-4urt  and  west  than  it  was  when  fii*st  made." 

Accor<ling  to  the  theory,  the  highest  elevations  of  the  earth's  surface 

Hhoiild  1)0  equat<.>rial,  and  should  have  a  general  north  and  south  trend, 

vhile  in  the  northern  hemisphere  the  main  direction  of  the  masses  of 

laud  should  l>end  round  towards  north-east,  and  iu  tlie  opposito  hcmi- 

**l'li«'re  towards  south-east.    Prof.  Darwin  thinks  that  the  general  facts  of 

tvni'strial  geography  tend  to  coiToborate  his  theoretical  views,  though 

lie  admits  that  some  are  very  unfavourable  to  them.     In  tho  discussion 

*jf  Huch  a  theorj",  however,  we  must  rememl)er  that  the  present  mountain- 

^-'liainu  on  the  earth's  surface  are  not  aboriginal,  but  arose  at   many 

wucccHsive  and  widely-separated  epochs.    Now  it  is  quite  certain  that  the 

Jimnger  mountain-chains  (and  these  include  the  loftiest  on  the  surface 

^>f  the  glolxs)  arose,  or  at  least  received  their  chief  upheaval,  during  tho 

Ti'rtijiry  periods — a  comparatively  late  date  in  geological  history.     Un- 

lew  we  arc  to  enlarge  enormously  the  limits  of  time  which  physicists 

»Te  willing  to  concede  for  the  evolution  of  the  whole  of  that  historj%  we 

canhanlly  suppfiso  that  the  elevation  of  the  great  mountain-chains  took 

pUce  at  an  eixx^h  at  all  approaching  an  antiquity  of  45,000,000  years. 

^'et.  according  to  Prof.  Darr^'in's   showing,  the   sui)erficial  effects   of 

^ttnial  distortion  must  have  been  exceedingly  minute  during  the  past 

'*'VH)0,000  years.    Wo  must  either  therefore  multiply  enonnously  the 

V^Aoi%  Tequired  for  geologiad  changes,  or  find  some  cruise  which  could 

W  elevated  great  mountain-chains  at  more  recent  intervals. 
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But  it  is  well  worth  consideration  wlictlier  the  oauso  BUggested  by 
Prof.  Darwin  may  not  liave  given  their  initial  trend  to  the  masses  of 
land,  BO  that  any  subsequent  wrinkling  of  the  terrestrial  snrfaco,  due 
to  any  other  cause,  would  be  apt  to  take  jdace  along  the  original  lines. 
To  be  able  to  answer  this  question,  it  is  necessary  to  ascertain  the 
dominant  line  of  strike  of  the  older  geological  formations.  But  in- 
formation on  this  subject  is  still  scanty.  In  Western  Europe,  the 
prevalent  line  along  whicli  terrestrial  plications  took  place  during 
ralasozoic  time  was  certainly  from  S.W.  or  S.S.W.  to  N.E.  or  N.N.E., 
and  the  same  direction  is  recoguisiible  in  the  eastern  States  of  North 
America.  But  the  trend  of  later  formations  is  more  varied.  The 
striking  contradictions  between  the  actual  direction  of  so  many 
mountain-cliains  and  masses  of  land,  and  what  ought  to  be  their  line 
according  to  the  theory,  seem  to  indicate  that  while  the  effects  of 
internal  distortion  may  have  given  the  first  outlines  to  the  land-areas 
of  the  globe,  some  other  cause  must  have  been  at  work  in  later  times, 
acting  sometimes  along  the  original  lines,  sometimes  transverse  to 
them. 

The  main  cause  to  which  geologists  are  now  disposed  to  refer  the 
corrugations  of  the  carth^s  surface  is  secular  cooling  and  consequent 
contraction.  If  our  planet  has  l>eon  steadily  losing  heat  by  radiation 
into  space,  it  must  have  progressively  diminished  in  volume.  The 
cooling  implies  contraction.  According  to  Mallet,  the  diameter  of  the 
earth  is  less  by  at  least  189  miles  since  the  time  when  the  planet 
was  a  mass  of  liquid.^  But  the  contraction  has  not  manifested  itself 
imifonnly  over  the  whole  surface  of  the  planet.  The  crust  varies  much 
in  structure,  in  thermal  resistance,  and  in  the  position  of  its  isogeo- 
tliermal  lines.  As  the  hotter  nucleus  contracts  more  rapidly  by  cooling 
than  the  cooled  and  hardened  crust,  the  latter  must  sink  down  by  its 
own  weight,  and  in  so  doing  requires  to  accommodate  itself  to  a  con- 
tinually diminishing  diameter.  The  descent  of  the  crust  gives  rise  to 
enormous  tangential  pressures.  The  rocks  arc  crushed,  crumpled  and 
broken  in  many  places.  Subsidence  must  have  been  the  general  rule, 
but  every  subsidence  would  doubtless  be  accompanied  with  upheavals  of 
a  more  limited  kind.  The  direction  of  these  upheaved  tracts,  whether 
determined,  as  Prof.  Darwin  suggests,  by  the  effects  of  internal  distortion, 
or  by  some  original  features  in  the  structure  of  the  crust,  would  be  apt 
to  be  linear.  The  lines,  once  taken  as  linos  of  weakness  or  relief  frcnn 
the  intense  strain,  would  probably  l)e  made  use  of  again  and  again  at 
successive  paroxysms  or  more  tranquil  periods  of  contraction.  Mallet 
ingeniously  connected  these  movements  with  the  linear  direction  of 
mountain  chains,  volcanic  vents  and  earthquake  shocks.  If  the  initial 
trend  tcj  the  land-masses  wore  given  as  hypothetically  stated  by  Prof. 
Darwin,  wo  may  conceive  that  after  the  outer  parts  of  the  globe  had 
attained  a  considerable  rigidity  and  could  then  be  only  slightly  in- 
fluenced by  internal  distortion,  the  effects  of  continued  secular  oontrao- 

•  Fhil.  Tram.  1873,  p.  205. 
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tlon  would  be  seen  in  the  intermittent  Bubsidence  of  the  ocoanio  basins 
siJx^^y  existing,  and  in  the  successive  crumpling  and  clovation  of  the 
jxi.'tervening  stiffened  terrestrial  ridges. 

This  view,  varionslj  modified,  has  been  widely  accepted  by  goolo- 

^ifits  as  famishing  an  explanation  of  the  origin  of  the  u])hcaval8  and 

subsidences  of  which  the  earth's  crust  contains  such  a  long  record. 

^iit  it  is  not  unattended  with  objections.     The  difficulty  of  conceiving 

tli.Bt  a  globe  possessing  on  the  whole  a  rigidity  equal  to  that  of  glass  or 

st^eel  could  be  corrugated  as  the  crust  of  the  earth  has  Ix^en,  has  led 

90ine  writers  to  adopt  the  hypothesis  already  described  {ante,  p.  54),  of 

axi.  intermediate  viscous  layer  between  the  solid  crust  and  the  solid 

n.'UcleuBy  while  others  have  suggested  that  the  observed  subsidence  may 

bAve  been  caused,  or  at  least  aggravated,  by  the  escape  of  vapours  from 

volcanic  orifices.    But  with  modifications,  the  main  cause  of  terrestrial 

movements  is  still  sought  in  secular  contraction. 

Some  observers,  following  an  original  suggestion  of  Babbage,^  have 

supposed  that  upheaval  and  subsidence,  together  with  the  solidification, 

cryBiallization,  and  metamorphism  of  the  layers  of  the  earth's  crust, 

may  have  been  in  large  measure  due  to  the  deposition  and  removal  of 

niinoral  matter  on  the  surface.     There  can  be  no  dou])t  that  the  lines 

of  equal  internal  temperature  (isogeothermal  lines)  for  a  considerable 

depth  downward,  follow  approximately  the  contours  of  the  surface, 

^^lu^'ing  up  and  down  as  the  surface  rises  into  mountains  or  sinks  into 

plains.    The  deposition  of  a  thousand  feet  of  rock  will,  of  course,  cause 

*  corrosponiling  rise  in  the  isogeo therms,  and  if  we  assume  the  average 

n«o  of  temperature  to  be  1'^  Fahr.  for  every  50  feet,  then  the  teiupera- 

^o  of  the  crust  immediately  below  this  deposited  mass  of  rock  Avill 

^  i^uised  20^.     But  masses  of  sediment  of  mu(;h  greater  thickness  have 

'*eix  laid  down,  and  wo  may  admit  that  a  much  greater  increase  of 

^^^i:)erature  than  20^  has  been  effected  by  this  means.     On  the  other 

l^^d,  the   denudation  of  the  land  must  lead  to  a  depression  of  the 

^g^otherms,  and  a  consequent  cooling  of  the  upper  layers  of  the 

c^UBt. 

It  may  be  conceded  that  in  so  far  as  the  internal  structure  of  rocks 
'''^y  bo  modified  by  such  progressive  increase  of  temperature  iis  would 
*^^^^©  from  superficial  deposit,  this  cause  of  change  must  have  a  place  in 
8*^logical  dynamics.  But  it  has  been  urged  that  Ijcsidcs  this  effect, 
thfi  removal  of  rock  by  denudation  from  one  area  and  its  accumulation 
'^Pon  another  affects  the  equilibrium  of  the  cnist;  that  the  portions 
^'Ixfire  denudation  is  active,  being  relieved  of  weight,  rise,  while  those 
^l^cre  deposition  is  prolonged,  being  on  the  contrary  loaded,  sink.^ 
Txiig  hypothesis  has  recently  been  strongly  advocated  by  some  of  the 
S'^logists  who  have  been  exploring  the  Western  Territories  of  America, 

»  J(mm.  Geol.  Soc,  iii.  (1831)  p.  206. 

^  Similarly  it  has  beon  coutondcd  that  tho  nccuniulatioii  of  a  massive  ice-sheet  on 
'•^0  land  would  cause  a  depression  of  tho  terrestrial  surface.  N.  S.  Shaler,  Froc,  Boston 
^at.  im.  8oc,  xvii.  p.  288.  T.  F.  Jamicson,  Qtuirt.  Journ,  GeoL  Soc,  1882,  and  Geo. 
*Iag.  1882,  p.  400,  526.    Fisher,  *  Physics  of  Earth's  Cruat/  p.  223. 
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and  who  iK)iut  in  proof  of  it«  truth  to  evidence  of  continuous  Bubsideuoe 
in  tracts  whore  there  was  prolonged  deposition,  and  of  the  uprise  and 
cui-vature  of  uiiginally  horizontal  strata  over  mountain  ranges  like  the 
Uinta  Mountains  in  Wyoming  and  Utah,  which  have  been  for  a  long 
time  out  of  water.  To  suppose,  however,  that  the  removal  and  deposit 
of  a  few  thousand  feet  of  rock  should  so  seriously  affect  the  equilibrium 
of  the  crust  as  to  cause  it  to  sink  and  rise  in  proportion,  would  evince 
such  a  mobility  in  the  earth  as  could  not  fail  to  manifest  itself  in  a  fiir 
more  powerful  way  under  the  influence  of  lunar  and  solar  attraotion. 
That  there  has  always  been  the  closest  relation  between  upheaval  and 
denudati<m  on  the  one  hand,  and  subsidence  and  deposition  on  the 
other,  is  undoubtedly  true.  But  denudation  has  been  one  of  the  con- 
sequences of  upheaval,  and  deposition  has  been  kept  up  only  by  continual 
subsidence. 

We  are  concerned  in  the  present  part  of  this  volume  only  with  the 
surface  foiitures  of  the  land  in  so  far  as  they  l)ear  on  questions  of 
geological  dynamics.  The  history  of  these  features  will  bo  more 
conveniently  treated  in  Book  VII.  after  the  structure  and  history  of  the 
crust  have  been  described.  Before  quitting  the  subject,  however,  we 
may  observe  that  the  larger  terrestrial  features,  such  as  the  great  ocean 
basins,  the  lines  of  submarine  ridge  surmounted  here  and  there  by 
islands  chiefly  of  volcanic  materials,  the  continental  masses  of  land, 
tind  at  least  the  cores  of  most  great  mountain  chains,  are  in  the  main 
of  high  antiquity,  stampeil  as  it  were  from  the  earliest  geological  ages 
on  the  physiognomy  of  the  glol)e,  and  that  their  present  aspect  has 
been  the  result  not  merely  of  original  hypogene  operations,  but  of 
long-continued  superficial  action  by  the  epigene  forces  described  in 
Book  III.  Tart  II. 


Section  iv.  H3rpogene  Causes  of  Changes  in  the  Texturoi 
Structure,  and  Composition  of  Rocks. 

Tlie  phenomena  of  hyi)ogene  action  considered  in  the  foregoing 
jiages  relate  almost  wholly  to  the  effects  produced  at  the  surfiuse.  It  is 
evident,  however,  that  these  phenomena  must  be  accomi)anied  by  veiy 
considerable  internal  changes  in  the  rocks  which  form  the  earth's  outer 
crust.  These  rocks,  subjected  to  enormous  pressure,  have  boon  contorted, 
crumpled,  and  folded  back  upon  themselves,  as  if  thousands  of  feet  of 
solid  limestones,  sandstones,  and  shales  had  been  merely  a  few  layers  of 
carpet;  they  have  been  shattered  and  fractured;  they  have  in  some 
places  been  pushed  far  above  their  original  jiosition,  in  others  depressed 
far  beneatli  it :  so  great  has  been  the  compression  which  they  have 
undergone  that  their  component  particles  have  in  many  places  been  re- 
armngcd,  and  even  crystallized.  They  have  here  and  there  actually 
been  reduced  to  fusion,  and  have  been  abundantly  invaded  by  masses  of 
nudten  rock  from  below. 

In  the  present  section,  the  student  is  asked  to  consider  chiefly  the 
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nature  of  the  agencies  by  which  such  changes  can  be   cflfected;  the 

remits  achieved,  in  so  far  as  they  constitute  part  of  the  architecture 

or  structure  of  the  earth's  crust,  will  bo  discussed  in  Book  IV.     At 

the  outset,  it  is  evident  that  we  can  hardly  hope  to  detect  many  of  these 

processes  of  subterranean  change  actually  in  progress  and  watch  their 

effiscts.     The  very  vastness  of  some  of  them  places  thom  beyond  our 

direct  reach,  and  we  can  only  reason  regarding  them  from  the  ohanges 

which  we  see  them  to  have  produced.     But  a  good  number  arc  of  a 

Und  which  can  in  some  measure  be  imitated  in  laboratories  and  furnaces. 

It  is  not  requisite,  therefore,  to  speculate  wholly  in  the  dark  on  this 

wbject.     Since  the  early  and  classic  researches  of  Sir  James  Hall,  great 

progress  has  been  made  in  the  investigation  of  hypogene  processes  by 

experiment.     The  conditions  of  nature  have  l)ecn  imitated  as  closely  as 

poMible,  and  varied  in  different  ways,  with  the  result  of  giving  us 

ui  increasingly  clear  insight  into  the  physics  and  chemistry  of  sub- 

temuiean  geological  changes.     The  following  pages  are  chiefly  devoted 

to  an  illustration  of  the  nature  of  hypogene  action,  in  so  far  as  that  can 

1)6  inferred  from  the  results  of  actual  experiment.     The  subject  may  be 

conveniently  treated  imder  three  heads — 1.  The  effect*  of  mere  heat ; 

2.  the  influence  of  the  co-operation  of  heated  water ;  3.  the  effects  of 

oompression,  tension  and  fracture. 

§  1.  Effects  of  Heat. 

The  importance  of  heat  among  the  transformations  of  rocks  has 
leen  fully  admitted  by  geologists,  since  it  used  to  l>e  the  watchword  of 
the  Huttonian  or  Vulcanist  school  at  the  end  of  last  century.  Three 
wnrces  of  subterranean  heat  may  have  at  different  times  and  hi  different 
'legrees  co-operated  in  the  production  of  hypogene  changes — the  original 
internal  heat  of  the  glolw,  the  heat  arising  from  chemical  changes  within 
4e  crust  or  beneath  it,  and  the  heat  due  to  tlio  transformation  of 
i&eohanical  energy  in  the  crumpling,  fracturing,  and  crushing  of  the 
J^TkB  of  the  crust. 

Rise  of  temperature  by  depression. — As  stated  above  (p.  271), 

^he  mere  recession  of  rocks  from  the  surface  owing  to  superposition  of 

Viewer  deposits  upon  them  will  cauwi  the  isogeotherms,  or  lines  of  equal 

•tiliterranean    temperature,   to  rise — in    other   words,   will    raise    the 

temperature  of  the  masses  so  withdrawn.     This  can  take  place,  however, 

to  but  a  limited  extent,  unless  combined  with  such  depression  of  ihu 

cmst  as  to  admit  of  thick  sedimentary  formations.      From  the  rate  of 

increment  of  temperature  downwards  it  is  obvious  that,  at  no  great 

depth,  the  rocks  must  be  at  the  temperature  of  boiling  water,  and 

that  ferther  do^*Ti,  but  still  at  a  distance  which,  relatively  to  the  earth's 

ndiuB,  is  small,  they  may  reach  and  exceed  the  temperatures  at  which 

tbey  would   fuse  at  the  surface.      Mere  descent  to  a  great  depth, 

Iwwever,  will  not  necessarily  result  in  any  marked  lithological  change, 

tt  has  been  shown  in  the  cases  of  the  Nova  Scotian  and  South  Welsh 

ood-fields,  where  sandstones,  shales,  clays,  and  coal-seams  can  l)e  proved 


»r 
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to  have  been  once  depressed  14,000  to  17,000  feet  below  the  sea-level, 
nnder  an  overlying  mass  of  rock,  and  yet  to  have  sustained  no  more 
serious  alteration  than  the  partial  conversion  of  the  coal  into  anthracite. 
They  must  have  been  kept  for  a  long  period  exposed  to  a  temperature  of 
at  least  212^  Fahr.  Such  a  temperature  would  have  been  sufficient  to 
set  some  degree  of  internal  change  in  progress,  had  any  appreciable 
quantity  of  water  been  present,  whence  the  absence  of  alteration  may 
perhaps  be  explicable  on  the  supposition  that  these  rocks  were  ocmi- 
paratively  dry  (p.  281). 

Rise  of  temperature  by  chemical  transformatilon. — To  what 
extent  this  cause  of  internal  heat  may  be  operative,  forms  part  of  an 
obscure  problem.    But  that  the  access  of  water  from  the  surface,  and  the 
consequent  hydration  of  previously  anhydrous  minerals  must  prodace 
local  augmentation  of  temperature,  cannot  be  doubted.    The  conversion 
of  anhydrite  into  gypsum,  which  takes  place  rapidly  in  some  mineH) 
gives  rise  to  an  increase  of  volume  of  the  substance.    Besides  the 
remarkable  manner  in  which  the  rock  is  torn  asunder  by  minute  clefii, 
the  crystals  of  bitter-spar  and  quartz  are  reduced  to  fragments.^    The 
amount  of  heat  evolved  during  this  process  is  capable  of  measnre- 
nient.    The  conversion  of  limestone  into  dolomite,  on  the  other  hand, 
which  involves  a  diminution  of  volume,  might  likewise  be  made  the 
subject  of  similar  experimental  enquiry.    Experiments  with  varioiM 
kinds  of  rocks,  such  as  clay-slate,  clay  and  ooal,  show  that  when 
those  substances  are  reduced  to  powder  and  mixed  with  water,  thejr 
evolve  heat.* 

Rise  of  temperature  by  rock-crushing. — A  further  store  of  heat 
is  provided  by  the  internal  crushing  of  rocks  during  the  collajise  and 
re-adjustment  of  the  crust.  The  amoimt  of  heat  so  produced  has  heffl 
made  the  subject  of  direct  experiment.  Daubree  has  shown  that,  by 
the  mutual  friction  of  its  parts,  firm  brick-clay  can  be  heated  in  three- 
quarters  of  an  hour  from  a  temperature  of  18°  to  one  of  40'  C.  (do'  to 
104°  Fahr.).3  The  most  elaborate  and  carefully  conducted  series  of 
experiments  yet  made  in  this  subject  are  those  conducted  by  MaDet 
He  subjected  16  varieties  of  stone  (limestone,  marble,  porphyry,  granite. 
and  slate)  in  cubes  averaging  rather  less  than  ll^  inches  in  height  to 
pressures  sufficient  to  crush  them  to  fragments,  and  estimated  the 
amount  of  pressure  required,  and  of  heat  produced.  The  following 
examples  may  be  selected  from  his  table :  * — 

'  The  microflcopio  gtructure  of  tliegtages  in  the  conversion  of  anhTdrite  into  gypiO" 
is  described  by  F.  Hammerechmidt,  Tfchermak^s  Mineral  Mittheil  v.*  (1883)  p.  272. 

'  W.  Skey,  Chem,  NetcB,  xxx.  p.  290. 

*  *  Geo!.  Expe'rimentale,'  pp.  448  et  acq.  This  distingnished  chemist  and  godiof^^ 
during  the  last  forty  years  devoted  much  time  to  researches  designed  to  fllostiatetf; 
pcrimentally  the  processes  of  geology.  His  numerous  important  memoirs  are  sostterw 
thnmgh  the  AnnaU»  de$  Mines,  Chmptes  JRendtu  de  rAeatlemie,  BnUetin  de  la  Sociflf 
QMMqiie  de  France^  and  other  publications.  But  he  has  reoentiv  collected  aod  tt- 
naUidied  tfaem  as '  Etndes  Synthetiqnes  de  Geologic  Exi)crimentalo,*  8vo,  1879-«  s^' 
oooae  of  infoniiatioii.  The  admirable  memoirs  of  Dolciwo  in  the  same  journals  «hnnn 
alwbertvttid. 
. .  '  nAnWf^Vm,  p.  187. 
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Bock. 


Tempentare 

(FdirO  In 

1  cubic  foot  of 

rock  dae  to  work 

of  crushing. 


Number  of  cubic 
ftet  of  water-at 
32  deg.  evapo- 
rated into  Rteam 
at  312  deg. 


Volume  of  ice  at 

32  deg.  melted  to 

water  at  32  deg. 

by  one  volume  of 

rock. 


Gben  Stone,  Oolite     .     .     .     . 
Sandstone,  Ayre  Hill,  Yorkshire 

Slate,  Conway 

Granite,  Ab(ndeen     .... 
Seotch  fhrnace-clay  porphyry 
Bowlej  Rag  (basalt)  .... 


8° -004 
470.79 
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0 
0 
0 
0 
0 
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004G 

0234 

07 

072 

083 

109 


0- 04008 

0-2026 

0-59fi 

0-017 

0-724 

0-925 


Within  the  crufit  of  the  earth,  there  are  abundant  proofs  of  onormoiiB 
stresses  nnder  which  the  rocks  have  been  crushed.  The  weight  of  rock 
involved  in  these  movements  has  often  been  that  of  masses  several  miles 
thick.  We  can  conceive  that  the  heat  thus  generated  may  have  been 
mfficient  to  promote  many  chemical  and  mineralogical  re-arrangements 
thnnigh  the  operation  of  water  (jpostea,  p.  283),  and  may  even  have  been 
here  and  there  enough  for  the  actual  fusion  of  the  rocks  by  the  cnishing 
nf  which  it  was  produced. 

Rise  of  temperature  by  intrusion  of  erupted  rock. — The  great 
heat  of  lava,  even  when  it  has  flowed  out  over  the  surface  of  the  earth, 
iias  been  already  referred  to,  and  some  examples  have  been  given  of  its 
dfect8(pp.  210, 214).  Where  it  does  not  reach  the  surface,  but  is  injected 
into  subterranean  rents  and  passages,  it  must  effect  considerable  changes 
upon  the  rocks  with  which  it  comes  in  contact.  That  such  intruded 
igneous  rocks  have  sometimes  melted  down  portions  of  the  crust  in  their 
pMBige,  can  hardly  be  doubted.  But  probably  still  more  extensive 
dumges  may  take  place  from  the  exceedingly  slow  rate  of  cooling  of 
erupted  masses,  and  the  consequently  vast  period  during  which  their 
fcett  is  being  conveyed  through  the  adjacent  rooks.  Allusion  will  bo 
tttde  in  later  pages  to  the  observed  amount  of  such  "  contact  meta- 
morphism  "  (p.  559). 

Expansion. — Rocks  are  dilated  by  heat.  The  extent  to  which  this 
tdrea  place  has  been  measured  with  some  precision  for  various  kinds  of 
TOck,  as  shown  in  the  subjoined  table : — 


Rock. 


Bkrk  marble,  Oalway,  Ireland 

Gvey  granite,  Aberdeen .     .     . 
we,  Penfkyn,  Wales   .     .     . 
White  marble,  Sicily      .     .     . 
Bed  imdifaine,  Portland,  Conncc 
tlwt 


f 


Expansion  for 
every  1°  Fahr. 


00000247 

•00000438 
"0000057G 
"00000613 


Anthority. 


/Adie,  Trartf.  Boy,  Soc.  Edin.  xiii. 
,\     p.  366. 

lUd. 
:  Ibid. 


00000963       Totten,  iiincr.  Joum.  Sci.  xxii.  136. 


Aooording  to  these  data,  the  expansion  of  ordinary  rocks  ranges  f lom 


.m.       O 
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about  2*47  to  9'63  millionths  for  1°  Fabr.  Even  ordinary  daily  anc 
Hoasonal  cbanges  of  temperature  suffice  to  produce  considerable  snperficia 
changes  in  rocks  (see  p.  304).  The  much  higher  temperatures  to  whicl 
rocks  are  exposed  by  subsidence  within  the  earth^s  crust  must  hain 
far  greater  effects.  Some  experiments  by  Pfaff  in  heating  from  ai 
ordinary  temperature  up  to  a  red  heat,  or  about  1180^  C,  small  oolnmiu 
of  granite  from  the  Fichtolgebirge,  red  porphyry  from  the  Tyrol,  an< 
basalt  from  Auvergno,  gave  the  expansion  of  the  granite  as  0*016808,  o 
the  porphyry  0*012718,  of  the  basalt  O'OllOO.^  The  expansion  and  con 
traction  of  rocks  by  heating  and  cooling  have  been  already  referred  to  ai 
possible  sources  of  upheaval  and  depression  (p.  268). 

Crystallization. — In  the  experiments  of  Sir  James  Hall,  poandec 
chalk,  hermetically  enclosed  in  gun-barrels  and  exposed  to  the  tern 
l)eraturo  of  molting  silver,  was  melted  and  partially  crystallized,  bu 
still  retained  its  carbonic  acid.  Chalk,  similarly  exposed,  with  thi 
addition  of  a  little  wat^r  was  transformed  to  the  state  of  marble. 
These  experiments  have  been  repeated  by  G.  Bose,  who  produoec 
by  dry  heat  from  lithographic  limestone  and  ohalk,  fine-grained  marU 
without  melting.  The  distinction  of  marble  is  the  independen 
crystalline  condition  of  its  component  granules  of  calcite.  Thi 
structure,  therefore,  can  be  superinduced  by  heat  under  pressare.  L 
nature,  portions  of  limestone  which  have  been  invaded  by  intnuiT 
masses  of  igneous  rock,  have  been  converted  into  marble,  the  gradatiooi 
from  the  unaltered  into  the  altered  rock  being  distinctly  traceable,  ft 
-will  be  shown  in  subsequent  pages  (p.  661). 

Production  of  prismatio  structure.— The  long-continned  higl 
temperature  of  iron-furnaces  has  been  observed  to  have  superinduoed  \ 
prismatic  or  columnar  structure  upon  the  hearth-stones,  and  on  th* 
sand  in  which  these  are  bedded.^  This  fact  is  of  interest  in  geologj 
seeing  that  sandstones  and  other  rocks  in  contact  with  eruptive  maase 
of  igneous  matter  have  at  various  depths  below  the  surface  assnmed  i 
similar  internal  arrangement  (p.  558). 

Dry  ftision.—  In  an  interesting  series  of  experiments,  the  illiiBtiioii 
De  Saussure  (1779)  fused  some  of  the  rocks  of  Switzerland  and  Franoc 
and  inferred  from  them,  contrary  to  the  opinion  previously  expreflsei 
by  Desmarest,^  that  basalt  and  lava  have  not  been  produced  froi 
granite,  but  from  hornstone  (pierre  de  come),  varieties  of  "  schorly 
calcareous  clays,  marls,  and  micaeeous  earths,  and  the  cellular  varietie 
from  different  kinds  of  slate.*  He  observed,  however,  that  the  artifida 
products  obtained  by  fusion  were  glassy  and  enamel-like,  and  did  no 
always  recall  volcanic  rocks,  though  some  exactly  resembled  poroa 
lavas.     Dolomieu  (1788)  also  contended  that  as  an  artifioiaUy-fufle* 

*  Z.  Deuinch.  QtoL  Ges.  xxiy.  p.  403. 

«  Trans,  Roy.  Soe.  Edin.  vi.  (1805)  pp.  101, 121. 

*  C.  Cochrane,  Proc.  Dudley  Geol  &oc.  iii.  p.  54. 

*  Mem,  Acad,  Seien.  1771,  p.  273. 

*  De  SauMure,  *  Voyages  dans  les  Alpes,*  edit.  1803,  tome  i.  p.  178. 
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kt»  becomes  a  glass,  and  not  a  crystalline  mass  with  crystals  of  easily 
fiisiUe  minerals,  there  must  be  some  flux  present  in  the  original  lava, 
and  ho  supposed  that  this  might  be  sulphur.^ 

Sir  James  Hall,  about  the  year  1790,  began  an  important  investiga- 
tion, in  which  he  succeeded  in  reducing  various  ancient  and  modern 
Tdouiio  rocks  to  the  condition  of  glass,  and  in  restoring  them,  by  slow 
oooling,  to  a  stony  condition  in  which  distinct  crystals  (probably 
pyroxMie,  oliyine,  and  perhaps  enstatite)  wore  rccognisaljle.^  Gregory 
Watt  afterwards  obtained  similar  results  by  fusing  much  larger  quanti- 
tiei  of  the  rocks.  In  more  recent  years,  this  method  of  research  has 
leen  resumed  and  pursued  with  the  much  more  effective  appliances 
of  modem  science,  notably  by  Mitscherlich,  6.  Eose,  C.  Sainte-Claire 
Seville,  Delesse,  Daubr^e,  Fouqu6,  I>3vy,  Friedel  and  Sarasin.  It  has 
been  experimentally  proved  that  all  rocks  undergo  molecular  changes 
wlien  exposed  to  high  temperature,  that  when  tlie  heat  is  sufficiently 
niaed,  they  become  fluid,  that  if  the  glass  thus  obtained  is  rapidly 
ouded  it  remains  vitreous,  and  that,  if  allowed  to  cool  slowly,  a  more 
Of  teas  distinct  crystallization  sets  in,  the  glass  is  devitrificd,  and  a 
Uthoid  product  is  the  result. 

A  glass  is  an  amorphous  substance  resulting  from  fusion, 
perfectly  isotropic  in  its  action  on  transmitted  polarized  light  (ante^ 
ppi  106,  111).  Its  specific  gravity  is  rather  lower  than  that  of  the  same 
rabatanoe  in  the  crystallized  condition.  By  being  allowed  to  cool 
slowly,  or  being  kept  for  some  hours  at  a  heat  which  softens  it,  glass 
MBumes  a  dull  x>orcelain-like  aspect.  This  devitrification  possesses 
much  interest  to  the  geologist,  seeing  that  most  volcanic  rocks,  as  has 
been  already  (p.  110)  described,  present  the  characters  of  devitrificd 
glaaaea.  It  consists  in  the  appearance  of  minute  crystallites,  and 
^r  imperfect  or  rudimentary"  crystalline  forms,  accompanied  with  an 
increaae  of  density  and  diminution  of  volume.  It  must  be  regarded  as  an 
intermediate  stage  between  the  perfectly  glassy  and  the  crystalline  con- 
ditiona.  Eocks  exposed  to  temperatures  as  high  as  their  melting-points 
^  into  glass  which,  in  the  great  majority  of  cases,  is  of  a  bottle-green 
w  black  colour,  the  depth  of  the  tint  depending  mainly  on  the  proportion 
^^  iron.  In  this  respect  they  resemble  the  natural  glasses — pitchstones 
^  obaidians.  Microscopic  investigation  of  artificially-fused  rocks  shows 
***t,  even  in  what  seems  to  be  a  tolerably  homogeneous  glass,  there  are 
•bnndant  minute  hair-like,  feathered,  needle-shaped,  or  irregularly- 
fgpegated  bodies  diffused  through  the  glassy  paste.  These  crystallites, 
*^  some  cases  colourless,  in  others  opaque,  metallic  oxides,  particularly 
oxides  of  iron,  resemble  the  cr^^'stallites  observed  in  many  volcanic  rocks 
(p.  106).  They  may  be  obtained  even  from  the  fusion  of  a  granitic  or 
P^Jiitoid  rock,  as  in  the  well-known  case  of  the  Mount  Sorrel  syenite 

'  *  llctj  PoDOos,'  pp.  8  ti  9eq. 

'  Ttwm.  Boy,  86c.  Edin.  v.  p.  43.  The  uctuul  products  obtaiuod  by  Hall  have 
2***  nibjecied  to  tuicruscopic  exaininatiou  by  Foiwiuc  aud  Levy.  Compttf  Remh 
^Ji  I88L 
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near  Leicester,  whioh,  being  fused  and  glowly  cooled,  yielded  to  Mr. 
Sorby  abundant  crystallites,  including  exquisitely-grouped  octohedra  of 
magnetite.^ 

According  to  the  observations  of  Delesse,  volcanic  rocks,  when 
reduced  to  a  molten  condition,  attack  briskly  the  sides  of  the  Hessian 
crucibles  in  which  they  are  contained,  and  even  eat  them  through. 
This  is  an  interesting  fact,  for  it  helps  to  explain  how  some  intmsive 
igneous  rocks  have  come  to  occupy  positions  previously  filled  by 
sedimentary  strata,  and  why,  under  such  circumstances,  the  oompositioii 
of  the  same  mass  of  rock  should  be  found  to  vary  considerably  from 
place  to  place.* 

The  most  elaborate  and  successfal  experiments  yet  made  regard- 
ing the  fusion  of  igneous  rocks,  are  those  of  MM.  Fouqu6  and 
Levy.  These  observers,  by  mixing  the  chemical  elements  and,  in  other 
cases,  the  minoralogical  constituents,  of  certain  minerals  and  rocks,  and 
fusing  these  in  platinum  crucibles  in  a  gas-furnace,  have  been  able  to 
produce  both  rock-forming  minerals,  such  as  several  felspars,  angite, 
leucite,  nopheline  and  garnet,  and  also  rocks  possessing  the  composition 
and  microscopic  structure  of  augite-andesites,  leucite-tephrites,  and  true 
basalts.  By  rapid  cooling,  they  obtained  an  isotropic  glass,  often 
full  of  bubbles,  and  varying  in  colour  with  the  nature  of  the  mixture 
from  which  it  was  formed.  Where  the  mixture  contains  the  elements 
of  pyroxene,  enstatite  or  melilite,  it  must  be  cooled  very  rapidly  to 
prevent  these  minerals  from*  partially  crystallizing  out  of  the  glaas. 
Nopheline  also  crystallizes,  easily.  The  felspars,  on  the  other  hand, 
])ass  much  more  slowly  from  the  viscous  to  the  crystalline  condition. 
In  these  experiments,  use  was  made  of  the  law  that  the  fusion- 
tomperature  of  a  crystallized  silicate  is  usually  higher  than  that  of  the 
same  substance  in  the  glassy  state.  Hence  if  such  a  glass  be  kept 
sufficiently  long  at  a  temperature  slightly  higher  than  that  at  which  it 
softens,  the  most  favourable  conditions  are  obtained  for  the  production 
of  molecular  arrangements  and  the  formation  of  those  crystalline  bodies 
which  can  solidify  in  the  midst  of  a  viscous  magma.  The  limits  of 
temperature  for  the  production  of  a  given  mineral  must  thus  be 
comprised  within  the  narrow  range  between  the  fusion-point  of  the 
mineral  and  that  of  its  glass.  By  varying  the  temperature  in  the 
experiments,  distinct  minerals  can  be  obtained  from  the  same  magma. 
Thus  an  artificial  basalt,  like  a  natural  one,  always  shows  that  its 

1  Zirkel,  iVt/e.  Bucli.  p.  92;  Sorby,  Address  Geol.  l6eci.  BrU  Assoc.  1880.  On  the 
microscopic  structure  of  slags,  &o..  see  Vogelsang's  *  Krystalliten/ 

«  Bull.  Soc.  Geol  France,  2nd  ser.  iv.  1382 ;  see  also  Trans.  Edin.  Roy.  8oe,  xxix. 
p.  492.  In  the  more  recent  experiments  by  Doelter  and  Hussak  uo  change  mmt 
observed  in  the  porcelain  crucibles  in  which  basalt,  andcsito  and  phonolite  were  melted. 
Neues  Jahrb.  1884,  p.  19.  Bischof  has  described  i\  scries  of  experiments  on  the  (tia&m  of 
lavas  with  different  proportions  of  clay-slate,  lie  found  that  the  lava  of  Niedermendig, 
kept  an  hour  in  a  Dellows-fumace,  was  reduced  to  a  black  glassy  subfltance  without 
iK)res,  and  that  a  similar  product  was  obtained  even  after  30  per  cent  of  clay-slate  had 
been  added  and  the  whole  had  been  kept  for  two  hours  in  the  famace.  *  Chem.  nnd 
Thys.  Geol/  supp.  (1871)  p.  98. 
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liYine  has  dystallized  first.  Minerals  Buch  as  oliyine,  leucite  and  folspar, 
rhioh  solidify  at  higher  temperatures  than  the  others,  appear  first,  and 
he  later  forms  are  moulded  round  them.  By  providing  fiujilities  for 
he  crystallization  of  the  minerals  in  the  inverse  order  of  their  fusi- 
nlities,  the  eharacters  of  naturally  formed  crystalline  rocks  can  thus  be 
Officially  produced  by  simple  igneous  fusion. 

Certain  well-known  facts  which  appear  to  militate  against  the 
irinciple  of  these  experiments  have  been  successfully  explained  by 
IQL  Fouqu6  and  Levy.  Some  minerals,  very  difficult  to  fuse,  con- 
ktin  crystals  of  others  which  are  easily  fusible,  as  if  the  latter  had 
(systallized  first,  as  in  the  case  of  pyroxene  enclosed  within  leucite. 
But  in  reality  the  pyroxene  has  slowly  crystallized  out  of  inclusions  oi 
the  surrounding  glass  which  were  caught  up  in  the  leucite.  WTiere  the 
■me  silicates  are  found  to  have  crystallized  first  in  large  and  sub- 
leqiiently  in  smaller  forms,  they  may  reveal  stages  in  the  gradual  cooling 
and  consolidation  of  the  mass,  one  set  of  crystals,  for  example,  being 
farmed  in  a  lava  while  still  within  the  vent  of  a  volcano,  and  another 
doling  the  more  rapid  cooling  after  expulsion  from  the  vent. 

The  rocks  obtained  artificially  by  the  se  observers  are  thus  classed  by 
them: — 1.  Andesites  and  andesitic  poi|)liy rites — from  the  fusion  of  a 
luxtnre  of  four  parts  of  oligoclase  and  one  of  augite.  2.  Labradorites 
md  labzadoric  porphyrites — from  the  fusion  of  three  parts  of  labrador 
•nd  one  of  augite.  3.  A  microlithic  rock  formed  of  pyroxene  and 
morthite.  4.  Basalts  and  labradoric  melaphyres — from  the  fusion  of 
I  mixture  of  six  parts  of  olivine,  two  of  augite  and  six  of  labrador. 
5.  Nephelinites — from  the  fusion  of  a  mixture  of  three  parts  of  iicpheline 
Uid  1"3  of  augite.  6.  Leucitites  — from  the  fusion  of  nine  parts  of  leucite 
ind  one  of  augite.  7.  Leucite-tephrite — froui  the  fusion  of  a  mixture 
of  nlica,  alumina,  potash,  soda,  magnesia,  lime  and  oxide  of  iron, 
tvpresenting  one  part  of  augite,  four  of  labrador  and  eight  of  leucite. 
).  Lherzolite.  9.  Meteorites  mthout  felspar.  10.  Meteorites  with 
Edspar.  11.  Diabases  and  dolerites  with  ophitic  structure.  In  these 
irtificially  produced  compounds,  the  most  complete  resemblance  to 
mtmal  rocks  was  observed,  down  even  to  the  minutiae  of  microscopic 
itmctiire.  The  crystals  and  microliths  ranged  themselves  exactly  as 
in  natural  rocks,  with  the  same  distribution  of  vitreous  base  and 
vitnoua  inclusions.  It  is  thus  demonstrated  that  a  rock  like  basalt 
■ny  be  produced  in  nature  in  the  dry  way,  by  a  process  entirely 
igneous.^ 

Hore  recently,  another  series  of  experiments  has  been  carried  on  by 
Measn.  Doelter  and  Hussak  of  Gratz,  to  determine  the  effect  of 
inuaersing  various  minerals  in  molten  basalt,  andesite  or  phonolite. 
i^aoog  the  results  obtained  by  them  are  the  ])roduction  of  a  granular 
■tractme  in  pyroxene  and  hornblende,  es2>ecially  along  the  bordei's,  as 
■■y  he  observed  in  the  hornblende  of  recent  eruptive  rocks;    the 

'  Bm  the  woik  of  Meaurs.  Fouque  and  Levy,  *  Hynth^so  des  Miueraux  vi  detj  Koched,' 
UQi  bom  whidi  the  above  digest  of  their  researches  is  taken. 
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couvorBion  of  a  hornblende  crystal,  whicli  still  retains  its  form,  into  an 
aggregate  of  angite  prisms  and  magnetite,  as  observed  also  in  some 
basalts;  the  conversion  of  garnet  into  variotis  other  minerals,  saoh 
as  meionite,  melilite,  anorthite,  lime-olivine,  lime-nepheline,  spemdar 
iron,  and  spinel,  the  garnet  itself  never  reappearing  in  the  molten 
magma.  ^ 

While  experiment  has  thus  shown  that  certain  eruptive  rocks  of  the 
basic  order,  such  as  basalts  and  augite-andesites,  may  be  produced  by 
mere  dr}^  fusion,  the  acid  rocks  present  difficulties  which  have  as 
yet  proved  insuperable  in  the  laboratory.  MM.  Fouqu6  and  Ij6vy 
liave  vainly  endeavoured  to  reproduce  by  igneous  fusion  rocks  vrith 
quartz,  orthoclase,  white  mica,  black  mica  and  amphibole.  We  may 
therefore  infer  that  these  rocks  have  been  produced  in  some  other  way 
than  by  dry  igneous  fusion.  The  acid  rocks,  terminating  in  granite,  form 
a  remarkable  series,  regarding  the  origin  of  which  we  are  still  completely 
ignorant.  Some  data  relating  to  their  production,  will  be  given  in  §  2, 
in  connection  with  the  co-operation  of  underground  water. 

Contraction  of  rocks  in  passing  firom  a  glassy  to  a  stony 
state. — Hoferenco  has  been  made  (pp.  275  et  seq.^  to  the  expansion  of 
rocks  by  heat  and  their  contraction  on  cooling;  likewise  to  the  diffe- 
rence between  their  volume  in  the  molten  and  in  the  solid  state.  It 
woiild  ap][)ear  that  the  diminution  in  density,  as  rocks  pass  from  a 
crystaUino  into  a  vitreous  condition,  is,  on  the  whole,  greater  the  more 
silica  and  alkali  are  present,  and  is  loss  as  the  proportion  of  iron,  lime, 
and  alumina  increases.  According  to  Delesse,  granites,  quartziferons 
porphyries,  and  such  highly  silicated  rocks  lose  from  8  to  11  per  cent. 
of  their  density  when  they  are  reduced  to  the  condition  of  glass,  basalts 
lose  from  3  to  5  per  cent.,  and  lavas,  including  the  vitreous  varieties, 
from  0  to  4  per  cent.*  More  recently,  Mallet  observed  that  plate- 
glass  (taken  as  representative  of  acid  or  siliceous  rocks)  in  passing 
from  the  liquid  condition  into  solid  glass  contracts  1*59  per  cent.,  100 
parts  of  the  molten  liquid  measuring  98*41  when  solidified;  while 
iron-slag  (having  a  composition  not  unlike  that  of  many  basic  igneons 
rocks)  contracts  6*7  per  cent.,  100  parts  of  the  molten  mass  measuring 
03*3  when  cold.^  By  the  contraction  due  to  such  changes  in  the 
internal  condition  of  subterranean  masses  of  rock,  minor  oscillations  of 
level  of  the  surfistce  may  be  accounted  for,  as  already  stated  (p.  268). 
Thus,  the  vitreous  solidification  of  a  molten  mass  of  siliceous  rook  1000 
feet  thick  might  cause  a  subsidence  of  about  IG  feet,  while,  if  the  rook 
were  basic,  the  amount  of  subsidence  might  be  67  feet. 

»  Neues  Jahrb.  1884,  pp.  18, 158. 

'  BuU.  8oc.  Ged.  France,  1847,  p.  1390.  Bisohof  had  dctcnulned  the  ooniiaotioa 
i»f  granite  to  be  as  much  as  25  per  cent  (Leonhard  unci  Bronn,  Jahrb.  1841).  The 
correctness  of  tliis  determination  was  dijspnted  by  D.  Forbes  (Gfeol.  Mag.  1870« 
p.  1),  who  found  from  his  own  experiments  that  the  amount  of  contraction  must 
ix)  much  less.  The  values  given  by  him  were  still  so  mucli  in  excess  of  those  recently 
obtained  with  much  care  by  Mallet,  that  some  defect  in  their  determination  may  be 
suspected. 

»  PhU.  Tratis.  dxiii.  pp.  201,  204 ;  dxv. ;  Proc.  Roy.  ISoc.  xxii.  p.  328. 
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SabUmation^— It  has  long  been  known  that  many  mineral 
ffulsianoeB  can  be  obtained  in  a  crystallino  fonu  from  the  condensation 
of  TaponrB  (pp.  62,  184).  This  process,  called  Sublimation,  may  bo  tho 
result  of  the  mere  cooling  and  reappearance  of  bodies  which  have 
been  ▼aporised  by  heat  and  solidify  on  cooling,  or  of  the  solution 
of  these  bodies  in  other  vapours  or  gases,  or  of  the  reaction  of 
diflerent  yaponis  upon  each  other.  These  operations,  of  such  common 
ooonirence  at  volcanic  vents,  and  in  the  crevices  of  recently  erupted 
and  still  hot  lava-streams,  have  been  successfully  imitated  by 
experiment.  In  the  early  researches  of  Sir  James  Hall  on  tho  effects  of 
heat  modified  by  compression,  he  obtained  by  sublimation  '<  transparent 
and  well-defined  oystals,"  lining  the  unoccupied  portion  of  a  her- 
meticallyHBealed  iron  tube,  in  which  he  had  placed  and  exposed  to  a  high 
temperature  some  fragments  of  limestone.^  Numerous  experiments 
have  been  made  by  Delesse,  Daubree,  and  others,  in  the  production  of 
minerals  by  sublimation.  Thus,  many  of  the  metallic  sulptiides  found 
in  mineral  veins  have  been  produced  by  exposing  to  a  comparatively 
low  temperature  (between  that  of  boiling  water  and  a  dull-red  heat) 
tubes  containing  metallic  chlorides  and  salphide  of  hydrogen.  By 
varying  the  materials  employed,  corundum,  quartz,  apatite,  and  other 
minerals  have  been  obtained.  It  is  not  difficult,  therefore,  to  understand 
how,  in  the  crevices  of  lava-streams  and  volcanic  cones,  as  well  as  in 
mineral  veins,  sulphides  and  oxides  of  iron  and  other  minerals  may 
have  been  formed  by  the  ascent  of  heated  vapours.  Superheated  steam 
is  endowed  with  a  remarkable  power  of  dissolving  that  intractable 
substance,  silica ;  artificially  heated  to  the  temperature  of  the  melting- 
point  of  cast-iron,  it  rapidily  attacks  silica,  and  deposits  the  mineral 
in  snow-white  crystals  as  it  cools.  Sublimation,  however,  can  hardly  bo 
conceived  as  having  operated  in  tho  formation  of  rocks,  save  here  and 
there  in  the  infilling  of  open  fissures. 

S  2.    Influence   of  Heated  Water. 

In  the  geological  contest  fought  at  the  beginning  of  tho  century 
between  the  Neptunists  and  the  Plutonists,  the  two  great  battle-cries 
were,  on  the  one  side,  Water,  on  tho  other.  Fire.  The  progress  of 
science  since  that  time  has  shown  that  each  of  the  parties  had  some 
troth  on  its  side,  and  had  seized  one  aspect  of  the  problems  touching 
the  origin  of  rocks.  If  subterranean  heat  has  played  a  large  part  in  the 
construction  of  the  materials  of  the  earth's  crust,  water,  on  the  other 
hand,  has  performed  a  hardly  less  imix)rtant  share  of  the  task.  They 
have  often  co-operated  together,  and  in  such  a  way  that  the  result 
must  1)0  regarded  as  their  joint  achievement,  wherein  the  re8j)ective 
share  of  each  can  hardly  Ijc  exactly  ai)portioned.  In  Part  II.  of  this 
Book,  the  chemical  o|)eration  of  infiltratinjj;  water,  at  ordinary'  tem- 
peratures at  the  surface,  and  among  rocks  at  limited  depths,  is  described. 

*  TroM.  Hoy,  Soc*  Ediiu  vi.  p.  110. 


282  DYNAMICAL   GEOLOGY.  [Book  IIL  Pabt  L 


We  are  here  concerned  mainly  with  the  work  done  by  water  when 
within  the  influence  of  subterranean  heat. 

Presence  of  water  in  all  rocks. — Besides  its  combinations  in 
hydrous  minerals,  water  may  exist  in  rocks  either  (1)  absorbed  among 
minute  crevices  and  pores,  or  (2)  imprisoned  within  the  microscopic 
cells  of  crystals. 

1.  By  numerous  observations  it  has  been  proved  that  all  rooks  within 
the  accessible  portion  of  the  earth*s  crust  contain  interstitial  water,  or, 
us  it  is  sometimes  called,  quarry-water  (eau  de  carriere).  This  is  not 
chemically  combined  with  their  mineral  constituents,  but  is  merely  re- 
tained in  their  pores.  Most  of  it  evaporates  when  the  stone  is  taken 
out  of  the  parent  rock,  and  freely  exposed  to  the  atmosphere.  The  absor- 
bent powers  of  rocks  vary  greatly,  and  chiefly  in  proportion  to  iheix 
degree  of  porosity.  Gypsum  absorbs  from  about  0*50  to  1*50  per  cent 
of  water  by  weight ;  granite,  about  0  *  37  per  cent. ;  quartz  from  a  vein 
iu  granite,  0*08;  chalk,  about  20*0;  plastic  clay,  from  19*5  to  24*6* 
These  amounts  may  be  increased  by  exhausting  tiie  air  from  the  speci- 
mens and  then  immersing  them  in  water.^  No  mineral  substance  ifi 
strictly  im^)ervious  to  the  passage  of  water.  The  well-known  artificial 
colouring  of  agates  proves  that  even  mineral  substances,  apparently 
the  most  homogeneous  and  impervious,  can  be  traversed  by  liqtdds.  In 
the  series  of  experiments  above  (p.  246)  referred  to,  Daubree  has  illus- 
trated the  power  possessed  by  water  of  penetrating  rocks,  in  virine 
of  their  porosity  and  capillarity,  even  against  a  considerable  counter' 
pressure  of  vapour ;  and,  without  denying  the  presence  of  original  water, 
he  concludes  that  the  interstitial  water  of  igneous  rocks  may  all  have 
been  derived  by  descent  from  the  sui-face.  The  masterly  researches  of 
roiscuiUe  have  shown  that  the  rate  of  flow  of  liquids  thi-ough  capillariefl 
is  augmented  by  heat.  He  proved  that  water  at  a  temperature  of  45^  & 
iu  such  situations  moves  nearly  three  times  faster  than  at  a  temperature 
of  0^  C.^  At  the  high  temperatures  under  which  the  water  must  exist 
at  some  depth  within  the  crust,  its  power  of  penetrating  the  capillary 
interstices  of  rocks  must  be  increased  to  such  a  degree  as  to  enable  it 
to  become  a  powerful  geological  agent. 

(2)  Bcfcrence  has  already  (p.  101)  been  made  to  the  presence  of 
minute  cavities,  containing  water  and  various  solutions,  in  the  crystals 
of  many  rocks.  The  water  thus  imprisoned  was  obviously  enclosed 
with  its  gases  and  saline  solutions,  at  the  time  when  these  minerals 
crystallized  out  of  their  parent  magma.  The  quartz  of  granite  is 
usually  full  of  such  water-vesicles.  "  A  thousand  millions,"  says  Mr.  J, 
Clifton  Ward,  **  might  easily  be  contained  within  a  cubic  inch  of  quartz, 
and  sometimes  the  contained  water  must  make  up  at  least  5  per  cent,  of 
the  whole  volume  of  the  containing  quartz." 

*  Bee  an  interestlug  paper  by  Delesse,  BuU,  Soc.  (Jtol,  France j  2me  ser.  xiz. 
(18G1-2)  p.  65. 

'  Comptes  Bendus  (1840),  xi.  p.  1048.  Pfaff  (*  Allgcmeine  Geolo^e,'  p.  141)  ooooliidev 
from  calotUationa  as  to  the  relations  between  presaure  and  tension  that  watar  may 
dcioend  to  any  depth  hi  fissurcB  and  remain  in  a  liuid  state  even  at  high  tempexBtorea 
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Solvent  power  of  water  among  rocks. — Tho  presence  of 
tentitial  water  Tnnst  affect  the  chemical  constitution  of  rocks.  It  is 
well  understood  that  there  is  probably  no  terrestrial  substance 
hioh,  under  proper  conditions,  is  not  to  some  extent  soluble  in  water. 
7  an  interesting  series  of  experiments,  made  many  years  ago  by  W.  B. 
.  jnd  H.  D.  Bogers,  it  was  ascertained  that  the  ordinary  mineral  con- 
'^tuents  of  rocks  could  be  dissolved  to  an  appreciable  extent  even  by 
water,  and  that  the  change  was  accelerated  and  augmented  by 
be  presence  of  carbonic  acid.  ^  Water,  as  pure  as  it  ever  occurs  in  a 
^taral  state,  can  hold  in  solution  appreciable  proportions  of  silica, 
3kaliferous  silicates,  and  iron  oxide,  even  at  ordinary  temperatures, 
he  mere  presence,  therefore,  of  water  within  the  pores  of  subterranean 
cannot  but  give  rise  to  changes  in  the  composition  of  these  rocks, 
of  the  soluble  materials  must  be  dissolved,  and,  as  the  water 
t^vaporates,  must  be  redeposited  in  a  new  form.* 

This  power  increased  by  heat. — The  chemical  action  of  water  is 
■wressed  by  heat,  which  may  be  either  the  earth's  original  heat  or  that 
hich  arises  from  internal  crushing  of  the  crust.  Mere  descent  from 
"^be  sorSeKse  into  successive  isogeothcrms  raises  the  temperature  of  per- 
meating water  until  it  may  greatly  exceed  the  boiling  point.  But  a  high 
^^fliperature  is  not  necessary  for  many  important  mineral  rearrange- 
ments. Daubr6e  has  proved  that  very  moderate  heat,  not  more  than  50°  C. 
(122®  Fahr.)  has  sufficed  for  the  production  of  zeolites  in  Roman 
•cricks  by  the  mineral  waters  of  Plombi^res.^  He  has  experimentally 
demonstrated  the  vast  increase  of  chemical  activity  of  water  with 
^i^^mentation  of  its  temperature,  by  exposing  a  glass  tube  containing 
about  half  its  weight  of  water  to  a  temperature  of  about  400*^  C.  At  the 
®ttd.  of  a  week  he  found  the  tube  so  entirely  changed  into  a  white,  opaque, 
pOMrdery  mass,  as  to  present  not  the  least  resemblance  to  glass.  The 
"^iiiaining  water  wcw  highly  charged  with  an  alkaline  silicate  containing 
,.  P^r  cent,  of  soda  and  37  per  cent,  of  silica,  with  traces  of  potash  and 
*^^.  The  white  solid  substance  was  ascertained  to  bo  composed 
**^i^OBt  entirely  of  crystalline  materials,  partly  in  the  form  of  minute 
P^^fectly  limpid  bipyramidal  crystals  of  quartz,  but  chiefly  of  very 
""^^^U  acicular  prisms  of  woUastonite.  It  was  found,  moreover,  that  tho 
P^^^^on  of  the  tube  which  had  not  been  directly  in  contact  with  the 
^ler  was  as  much  altered  as  the  rest,  whence  it  was  inferred  that, 
^  these  high  temperatures  and  pressures,  the  va2)our  of  water  acts 
^^mically  like  the  water  itself. 

Co-operation  of  pressure. — The   effect    of    pressure   must   be 

^^*^iognised  as  most  important  in  enabling  water,  especially  when  heated, 

S^    dissolve  and  retain  in  solution  a  larger  quantity  of  mineral  matter 

*^Hu  it  could  otherwise  do,*  and  also  in  preventing  chemical  changes 

'  American  Journ,  Science  (2),  v.  p.  401. 

'  Bee  farther  on  this  subject.  Part  II.  pp.  317,  338. 

'  ^G^logie  Exp^rimentalo,'  p.  462. 
.    *  Sgrt>]r  has  shown  that  the  solubility  of  all  salts  which  exhibit  ooutraotion  in  solution 
U  ittnaikably  increased  by  pressure.    Proc.  Bay,  Soc.  (1862-3),  p.  340. 
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which  take  place  at  once  when  the  preBsure  is  removed.^  In  Danbrfe's 
oxporiincnts  above  cited,  the  tubes  were  hermetically  sealed  and  aecored 
against  fracture,  so  that  the  pressure  of  the  greatly  superheated  vapour 
had  full  effect.  By  this  means,  witli  alkaline  water,  he  not  only 
produced  the  two  minerals  above  mentioned,  but  also  felspar  and 
diopside.  The  enormous  pressures  under  which  many  crystalline  rooks 
have  solidified  is  indicated  by  the  liquid  carbon-dioxide  in  the  vesidleB  of 
their  crystals.  Besides  the  pressure  due  to  their  varying  depth  bom 
the  surface,  they  must  have  been  subject  to  the  enormous  expansion  of 
the  superheated  water  or  vapour  which  filled  all  their  cavities,  and  some- 
times, also,  to  the  compression  resulting  from  the  secular  contraction  of 
the  globe  and  consequent  corrugation  of  the  crust.  Mr.  Sorby  inferred 
that  in  many  cases  the  pressure  under  which  granite  consolidated  must 
have  been  equal  to  that  of  an  overlying  mass  of  rock  60,000  feet*  or 
more  th^n  9  miles,  in  thickness,  while  De  la  Yallee  Poussin  and  Benard 
from  other  data  deduced  a  pressure  equal  to  87  atmospheres  (p.  103). 

Aquo-igneous  fosion. — As  far  back  as  the  year  1846,  Scheerer 
observed  that  there  exist  in  granite  various  minerals  which  could  not 
have  consolidated  save  at  a  comparatively  low  temperature.'  He 
instanced  especially  gadoliuites,  orthites,  and  aUanites,  which  cannot 
endure  a  higher  temperature  than  a  dull-red  heat  without  altering  their 
physical  characters ;  and  he  concluded  that  granite,  though  it  may  have 
possessed  a  high  temperature,  cannot  have  solidified  from  simple  igneous 
fusion,  but  must  have  been  a  kind  of  pasty  mass  containing  a  con- 
siderable proportion  of  water.  It  is  common  now  to  speak  of  the 
"  aquo- igneous  "  origin  of  some  eruptive  rocks,  and  to  treat  their  pro- 
duction as  a  part  of  what  are  termed  the  "  hydro-thermal "  operations 
of  geology. 

Scheerer,  Elie  de  Beaumont,  and  Daubree  have  shown  how  the 
presence  of  a  comparatively  small  quantity  of  water  in  eruptive  igneous 
rocks  may  have  contributed  to  suspend  their  solidification,  and  to 
X)romote  the  crystallization  of  their  silicates  at  temperatures  considerably 
below  the  point  of  fusion  and  in  a  succession  different  from  their 
relative  order  of  fusibility.  In  this  way,  the  solidification  of  quartz  in 
granite  after  the  crystallization  of  the  silicates,  which  would  bo  un- 
intelligible on  the  supposition  of  mere  dry  fusion,  becomes  explicable. 
The  water  may  be  regarded  as  a  kind  of  mother-liquor  out  of  which  the 
silicates  crystallize  without  reference  to  relative  fusibility. 

Artificial  production  of  minerals. — As  the  result  of  experi- 
ments, both  in  the  dry  and  moist  way,  various  minerals  have  been 
produced  in  the  crystalline  form.  Among  the  minerals  successfully 
reproduced  are  quartz,  tridymite,  olivine,  pyroxene,  enstatite,  wollas- 
tonito,   zircon,  emerald,  melanite,  melilite,   several   felspars,   leucite, 

»  See  Cailletot,  Natur/orsclier,  v.;  Pfiiflf,  Neaes  Jahrh.  1871 ;  W.  Hpriug,  BulL  Acad. 
Hoy.  Belgique,  2iul  uer.  xlix.  (1880)  p.  369.  Pfttff  found  tliat  plaater  does  not  absorb 
Water  under  a  pressure  of  40  atmospheres. 

2  BuU.  Soe,  UeoL  France^  iv.  p.  468. 


iBCT.  Iv.  I  2.]       EXPEBIMENT8  IN  METAM0BPHI8M.  285 


lepheline,  meionite,  petalite,  soTeral  zeolites,  dioptase,  rutile,  brookite, 
fifttaae,  perowskite,  sphene,  oalcite,  aragonite,  dolomite,  witHerite, 
idexite,  oenuite,  malachite,  corundum,  diasporo,  spinel,  haematite, 
iTianite,  apatite,  anhydrite,  with  many  metallic  ores.^ 

Kxperlxnents  in  metamorphism. — Besides  showing  the  solvent 
ower  of  superheated  water  and  vapour  upon  glass  in  illustration  of 
rhat  happens  within  the  crust  of  the  earth,  Daubr^o's  experiments 
ooaoBB  a  high  interest  and  suggestiveness  in  regard  to  the  internal  re- 
rrangementB  and  new  structures  which  water  may  superinduce  upon 
xska*  Hermetically  sealed  glass  tubes  containing  scarcely  one-third  of 
tieir  weight  of  water,  and  exposed  for  several  days  to  a  temperature 
alow  an  incipient  red  heat,  showed  not  only  a  thorough  transformation 
r  stmctare  into  a  white,  porous,  kaoHn-Uke  substance,  encrusted  with 
miimerable  bipyramidal  crystals  of  quartz  like  those  of  the  drusy 
avities  of  rocks,  but  had  acquired  a  very  distinct  fibrous  and  even  an 
minently  schistose  structure.  The  glass  was  found  to  split  readily 
ato  eonoentric  laminas  arranged  in  a  general  way  parallel  to  the  original 
orfaces  of  the  tube,  and  so  thin  that  ten  of  them  could  be  counted  in  a 
veadth  of  a  single  millimetre.  Even  where  the  glass,  though  attacked, 
etained  its  vitreous  character,  these  fine  zones  appeared  like  the  lines 
f  an  agate.  The  whole  structure  recalled  that  of  some  schistose  and 
systalline  rooks.  Treated  with  acid  the  altered  glass  crumbled  and 
lennittod  the  isolation  of  certain  nearly  opaque  globules  and  of  some 
ninnte  transparent  infusible  acicular  cr^^stals  or  microliths,  sometimes 
pnouped  in  bundles  and  reacting  on  polarized  light.  Eeduced  to  thin 
ilices  and  examined  under  the  microscope  with  a  magnifying  power 
)f  300  diameters,  the  altered  glass  presented  :  1st,  Spherulites,  ^jj  of  a 
nillimetre  in  radius,  nearly  opaque,  yellowish,  bristling  with  points 
irhich  i)erhaps  belong  to  a  kind  of  crystallization,  and  with  an  internal 
radiating  fibrous  structure,  (these  resist  the  action  of  concentrated 
bydrochloric  acid,  whence  they  cannot  be  a  zeolite,  but  may  be  a 
mbstance  like  chalcedony)  ;  2nd,  innumerable  colourless  acicular  micro- 
liths, with  a  frequently  stellate,  more  rarely  solitary  distribution, 
resisting  the  action  of  acid  like  quartz  or  an  anhydrous  silicate ;  3rd, 
lark  green  crystals  of  pyroxene  (diopside).  Daubree  satisfied  himself 
that  these  enclosures  did  not  pre-exist  in  the  glass,  but  were  developed 
in  it  during  the  process  of  alteration.^ 

But  beside  the  effects  from  increase  of  temperature  and  pressure,  we 
bave  to  take  into  account  the  fact  that  water  in  a  natural  state  is  never 
ahemically  pure.     Rain,  falling  through  the  air,  absorbs  in  particular 

'  Fouque  and  Levy,  *  Synlhow^  des  Minemiix.* 

*  *  Gcol.  Experim.'  p.  158  et  seq.  The  production  of  oirstals  and  niicrolitha  in  the 
deritrification  of  glass  at  comparatively  low  temperatures  by  the  action  of  water  is  of 
mat  interest.  The  first  observer  wlio  described  the  phenomenon  appears  to  have 
been  Brewster,  who,  in  the  second  decade  of  tliis  century,  studied  the  effect  upon 
poburixed  light  of  glass  decompose<l  by  ordinary  meteoric  action.  {Phil.  Tran9. 
1814,  TVofu.  Boy,  8oc.  Edin.  xxii.  (18G0)  p.  G07.  See  on  the  weathering  of  rocks, 
p.  319.) 
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oxygen  and  carbon-dioxide,  and  filtering  through  the  soil,  abstract 
more  of  this  oxide  as  well  as  other  results  of  decomposing  orga&j 
matter.  It  is  thus  enabled  to  effect  numerous  decompositions  of  sal 
terranean  rocks,  even  at  ordinary  temperatures  and  pressures.  Bat  as  i 
continues  its  underground  journey,  and  obtains  increased  solvent  powe 
the  very  solutions  it  takes  up  augment  its  capacity  for  effecting  minen 
transformations.  The  influence  of  dissolved  alkaline  carbonates  in  pn 
moting  the  decomposition  of  many  minerals  was  long  ago  pointed  oi 
by  Bischof.  In  1857  Sterry  Hunt  showed  by  experiments  that  wati 
impregnated  with  these  carbonates  would,  at  a  temperature  of  not  moi 
than  212°  Fahr.,  produce  chemical  reactions  among  the  elements  i 
many  sedimentary  rocks,  dissolving  silica  and  generating  yarioi 
silicates.^  Daubree  likewise  proved  that  in  presence  of  dissolve 
alkaline  silicates,  at  temperatures  above  700"^  Fahr.  various  siliceoi 
minerals,  as  quartz,  felspar  and  pyroxene,  could  be  crystallized,  an 
that  at  this  temperature  the  silicates  would  combine  with  kaolin  to  fori 
felspar.^ 

The  presence  of  fluorine  has  been  proved  experimentally  to  have 
remarkable  action  in  facilitating  some  precipitates,  especially  tin  oxide 
as  well  as  in  other  parts  of  the  mechanism  of  mineral  veins.^  Farth< 
illustrations  of  the  important  part  probably  played  by  this  element  i 
the  crystallization  of  some  minerals  and  rocks  have  been  published  b 
Ste.  Claire  Deville  and  Hautefeuille,  who  by  the  use  of  compoands  i 
fluorine  have  obtained  such  minerals  as  rutile,  brookite,  anatase  as 
corundum  in  crystalline  form.^  Elie  de  Beaumont  inferred  that  tl 
mineralizing  influence  of  fluorine  had  been  effective  even  in  tl 
crystallization  of  granite.  He  believed  that  *'the  volatile  oompoan 
enclosed  in  granite,  before  its  consolidation  contained  not  only  wate 
chlorine,  and  sulphur,  like  the  substance  disengaged  from  cooling  lava 
but  also  fluorine,  phosphorus  and  boron,  whence  it  acquired  mac 
greater  activity  and  a  capacity  for  acting  on  many  bodies  on  which  tl 
volatile  matter  contained  in  the  lavas  of  Etna  has  but  a  comparatiTel 
insignificant  action."  * 

§  8.    Effects  of  compression,  tension  and  fraotare. 

Among  the  geological  revolutions  to  which  the  crust  of  the  eart 
has  been  subjected,  its  rocks  have  been  in  some  places  powerfolly  con 
pressed ;  elsewhere  they  have  undergone  enormous  tension,  and  almo 
everywhere  they  have  been  more  or  less  ruptured.  Heuoe  intern; 
structures  have  been  developed  which  were  not  originally  present  i 

»  Pha.  Mag.  XV.  p.  68. 

*  BvU,  8oe,  Oeog.  France,  xv.  p.  103. 

'  First  Buggeetod  by  Daubree,  Ann.  de$  Mines  (1841),  .3me  s^r.  xx.  p.  65. 

*  Compte$  Sendut,  xlvi.  p.  764  (1858) ;  xlvii.  p.  89 ;  Ivii.  p.  648  (1865).  Fouqu^  ai 
L^yy,  *SyDtbte  des  Min^raux  et  des  Boches.' 

*  "Sor  les  Emanations  VolcaniqneB  et  M^tallif^res,"  Butt,  8oo,  QM.  l^VafiM^  i 
(1846):  p.  1249.  This  admirable  and  exhaustive  memoir,  one  of  the  greatest  nummnflo 
of  £lie  de  Beaumont's  genius,  should  be  consulted  by  the  student. 


Sbct.  It.  I  8.]  .    00MPBE88I0N,   TENSION,  FR  AC  TUBE.  287 


the  rocks.    These  strnctures  will  he  more  properly  considered  in  Book  IV. 

We  are  here  concerned  mainlj  with  the  natni'e  and  operation  of  the 

agencies  hy  which  they  have  heen  produced. 
The  most  ohvious  resnlt  of  pressure  upon  rocks  is  consolidation,  aR 

where  a  mass  of  loose  sand  is  gradually  compacted  into  a  more  or  less 

ooherent  stone,  or  where,  with  accompanying  chemical  changes,  a  layer 
of  Tegetation  is  compressed  into  peat,  lignite,  or  coal.  The  cohesion  of 
h  sedimentary  rock  may  he  due  merely  to  the  pressure  of  the  superin- 
camhent  strata,  hut  some  cementing  material  has  usually  contrihuted 
to  hind  the  component  particles  together.  Of  these  natural  cements 
the  most  frequent  are  peroxide  of  iron,  silica,  and  carhonate  of  lime. 
Koderate  pressure  equally  distrihuted  over  a  rock  presenting  every- 
where  nearly  the  same  amount  of  resistance  will  promote  consolidation, 
hot  may  produce  no  further  internal  change.  Whore  the  component 
particles  are  chiefly  crystalline,  pressure  may  induce  a  crystalline 
itracture  upon  the  whole  mass,  as  recent  experiments  have  shown.* 
It  however,  the  pressure  hecomes  extremely  unequal,  or  if  the  rock 
•objected  to  it  can  find  escape  from  the  strain  in  one  or  more  directions, 
It  may  undergo  shear  along  certain  planes,  or  may  be  crumpled,  or  the 
lii&it  of  its  rigidity  may  he  passed,  and  rupture  take  plaoe.  Some 
consequences  of  ihese  movements  may  he  briefly  alluded  to  here  in 
iUnfltration  of  hypogene  action  in  dynamical  geology. 

(1.)  Minor  Bnptores  and  Noises. — ^Among  mountain-valleys,  in 
iiQway-tunnels  through  hilly  regions,  or  elsewhere  among  rocks 
nbjected  to  much  lateral  pressure,  or  where  owing  to  the  removal  of 
ttlterial  by  running  water,  and  the  consequent  formation  of  cavities,  sub- 
sidence is  in  progress,  sounds  as  of  explosions  are  occasionally  heard.  In 
miny  instances,  these  noises  are  the  result  of  relief  from  great  lateral 
compression,  the  rocks  having  for  ages  been  in  a  state  of  strain,  from 
which  as  denudation  advances,  or  as  artificial  excavations  are  made, 
they  are  relieved.  This  relief  takes  place,  not  always  uniformly,  but 
iometimes  cumulatively  by  successive  shocks  or  snaps.  Mr.  W.  FT. 
Niles  of  Boston  has  described  a  number  of  interesting  cases  where  the 
effects  of  such  expansion  could  be  seen  in  quarries ;  large  blocks  of  rock 
b«ng  rent  and  crushed  into  fragments,  and  smaller  pieces  being  even 
^charged  with  explosion  into  the  air.^  If  this  is  the  condition  of  rocks 
eren  at  the  surface,  we  can  realise  that  at  great  depths,  where  escape 
from  strain  is  for  long  periods  impossible,  and  the  compression  of  the 
naases  must  he  enormous,  any  sudden  relief  from  this  strain  may  well 
pre  rise  to  an  earthquake-shock  (p.  258).  A  continued  condition  of 
strain  must  also  influence  the  solvent  power  of  water  permeating  the 
rocks  (p.  283). 

(2.)  Oonsolidation  and  Welding. — That  pressure  consolidates 
TOchi  is  familiar  knowledge.  Loose  sedimentary  materials  may  by  mere 
pRarare  he  converted  into  more  or  less  firm  and  hard  masses.  Experiments 

«  W.  Spring,  Bun,  Acad,  Roy.  Belg.  1880,  p.  375. 
«  Pr/v?.  Bo»Um  Soc,  Nat.  UM.  xviii.  p.  272  (187(J). 
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by  Mr.  W.  Spring  upon  many  BubstanceB  in  tho  state  of  powder  h*« 
Rhown  that  under  higli  pressure  they  become  welded  into  aolid  mb 
stances.  Under  a  prossuro  of  6000  atmospheres,  coal-duet  beoomeB  i 
brilliant  solid  block,  taking  tho  mould  of  tbo  cavity  in  which  it  is  placed 
and  thereby  giving  evidence  of  plasticity.  Feat,  in  like  maucer,  beoome 
a  brilliant  black  substance  in  which  all  trace  of  the  original  stnictore  i 

(3.)  Cleavage. — Over  extensive  tracts  of  country  a  peonliar  strao 
tnre  has  been  superinduced,  especially  ujion  fine-grained  aigillaceons  rooki 
then  termed  slates.  They  split  along  a  set  of  planes  which,  •■  a  mlc 
are  highly  inclined  or  vertical,  and  independent  of  the  original  bedding 
Examined  more  minutely,  it  is  found  that  their  component  partiolef 
which  in  meet  cases  have  a  longer  and  shorter  axis,  have  grouped  them 
selves  with  their  long  axes  generally  in  one  common  direction,  oni 
parallel  with  the  planes  of  fissility.    An  ordinary  shale  may  prosen 


It.— fVxtloii   at  compnaHd   >rTll]u«nu  FIr.  13.— StctionufBili 

.^k  In  •rhkh  clnvige-nnictaTe  hu  bnn  und«iKDne  till*  modllkaUon. 

ilerelopi^.    X*gnlD«l.   |Cuni[iuF  Fig.  14t.) 

under  the  microscope  such  a  structure  as  is  shown  in  Fig.  73.  Ba 
where  it  has  undergone  the  change  here  referred  to,  it  has  acquired  tfa 
structure  represented  in  Fig.  72,  Bocks  wliich,  having  been  thus  acte> 
on,  have  acquired  this  auporinduced  fissility,  aro  said  to  bo  cleaved 
and  the  fissile  structure  is  tonned  cleavage.  In  Fig.  74,  for  examplt 
wheio  the  strata,  at  first  in  even  parallel  l>Qds,  liave  been  Bubjecto 
to  great  comprosaion  from  the  directions  (a)  and  (b),  the  origins 
planes  of  stratification  are  roprosented  by  wavy  lines,  and  the  iiei 
system  of  cleavage-planes  by  fine  upright  lines.  The  fineness  of  th 
(Jeavuge  depends  in  largo  measure  uiwii  tho  texture  of  the  origins 
rock.  Snndstones,  consisting  as  they  do  of  rounded  obdurate  quarti 
grains,  take  either  a  very  rude  cleavage  (or  jointing)  or  none  at  ol) 
Fine-grained  argillaceous  rocks,  consisting  of  minute  partioles  o 
flakes,  that  can  adjust  their  long  axes  in  a  new  direction,  are  those  ii 

'  Bali.  Aead.  Son.  Belg.  1680,  p.  325,  and  ante,  p.  171. 
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vMch  the  structure  is  best  developed.  In  a  series  of  cleaved  rocks, 
tWefore,  cleavage  may  be  perfect  in  argillaceous  bods  (6  6,  Figs.  75 
aT>il  76),  and  imperfect  or  abeent  in  interstratilied  beds  of  Bandstoiio 
(<i  a.  Fig.  75)  or  of  limestone  (as  at  Clonea  OasUe,  Waterford,  a  a 

Tip  76). 

That  cleavage  may  be  produced  in   a  mechanical  way  by  lateral 

pTMnire  has  been  proved  experimentally  by  Sorby,  who  effected  perfect 


Ftg.  t4,-~Cnrv«d  qnuti-TOCk  tnrencd  b;  vortlul  and  bigtalj'EncUned  Cleavage. 
SoMh  Btack  LighUwow,  Anglwa  (A,). 

cleavage  in  pipe-clay  through  which  scales  of  oxide  of  iron  bad 
Iirerionsly  been  mixed.'  Tyndall  superinduced  cleavage  on  bees-wax 
•ad  other  Rn1«tanccs  by  subjecting  them  to  severe  pressure.  More 
ncently,  Fisher  has  proposed  the  view  that  in  nature  it  is  not  to  the 
(icwnre  which  plioated  the  rocks  that  cleavage  is  to  be  attributed,  but 
to  the  shearing  movements  geneiated  in  large  masses  of  rock  left  in  a 
jnrition  too  lofty  for  eriuilibrinm.'    If  such,  however,  had  been  the  origin 


DFfenlnKc  of  Clearagt  apon  Ibc  grain  of  the 


of  the  itructure  it  is  difGcult  to  understand  wby  there  should  be  such  a 
pvralent  relation  between  the  strike  and  the  cleavage,  for  if  descent  by 
(notation  were  the  main  cause  wc  sbould  expect  to  find  the  rocks 
■heartd  far  more  irregiilarly  than  even  tlif  most  irregular  disposition  of 
•'lavage.    That  in  cleavago  there  lias  heeu  a  true  shearing  of  the  rocks 

'  EUa.  Stw  FUI.  Junra.  Iv.  {l&W,  p.  137.  \V.  King,  Jioy.  Iriih  Amd.  xxv.  (187il) 
^  (W.  Tha  itwient  vitl  find  ttoent  inttfH'Hlinc  nilclitions  ti>  nur  knowlctlj-e  of  tb<> 
Biicz'Mn^  ttnietnre  RDd  thehinlory  of  rliuved  nnrka  in  Mr.  Sorb; 'b  oddreBs.  <ii.  /,  Geol. 

A>c.  ii»i.p.72.    Bee  also  E.  Jnontttaz,  Bull.  Sf-:  Giol.  Fraiiet,  ix.  (1881)  p.  19t; ; 

atL  (l!M)p.Sll. 
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is  indubitable ;  and  the  amount  of  shear  may  be  ascertained  by  the 
extent  of  the  distortion  of  fossils  in  the  planes  of  cleavage  (Figs. 
77-80).  Microscopic  study  of  cleaved  rocks  shows  that  their  fissility 
is  not  always  due  merely  to  a  rearrangement  of  original  clastic  par- 
ticles, but  to  the  development  of  new  minerals,  particularly  varieties 
of  mica,  along  the  planes  of  cleavage.  This  relation  is  well  seen  in  the 
folded  and  cleaved  Devonian  and  Carboniferous  rocks  of  S.W.  Ireland 
and  Cornwall,  in  the  Carboniferous  shales  of  Laval,  Mayenne,  and  in 
the  Jurassic  and  Eocene  shales  of  the  Alps.*  Just  as  shales  graduate 
into  true  cleaved  slates,  so  slates  by  augmentation  of  their  saperinduced 
mica  pass  into  phyllites,  and  these  into  mica-schists.  The  structure  of 
districts  with  cleaved  rocks  is  described  in  Book  IV.  Part  V.  . 

(4.)  Deformation. — Further  evidence  of  the  internal  movements  of 
rocks  is  furnished  by  the  way  in  which  contiguous  pebbles  in  a  con- 
glomerate have  been  squeezed  into  each  other,  and  even  sometimes 
have  been  elongated  in  a  certain  general  direction.  The  coarseness  of 
the  grain  of  such  rocks  permits  the  effects  of  compression  or  tension  to 
be  readily  seen.  Similar  effects  may  take  place  in  fine-grained  rocks  and 
escape  observation.  Daubr6o  has  imitated  experimentally  indentations 
produced  by  the  contiguous  portions  of  conglomerate  pebbles.^ 

In  discussing  the  cause  of  these  indentations  it  must  be  remembered 
that  imprints  of  pebbles  upon  each  other,  particularly  when  the 
material  is  limestone  or  other  tolerably  soluble  rock,  may  have  been 
to  some  extent  produced  by  solution  taking  place  most  actively 
where  pressure  was  greatest  (p.  283).  But  there  are  indubitable 
evidences  of  crushing  and  deformation,  even  in  what  would  be 
termed  solid  and  brittle  rocks.  Of  these  evidences,  perhaps  the  most 
instructive  and  valuable  are  furnished  by  the  remains  of  plants  and 
animals  occurring  as  fossils,  and  of  which  the  unaltered  shapes  are  well 
known.  "Where  fossiliferous  rocks  have  undergone  a  shear,  the  exteni 
of  this  movement,  as  above  remarked,  can  be  measured  in  the  resultaal 
distortion  of  the  fossils.  In  Figs.  77  and  79  drawings  are  given  o: 
two  Lower  Silurian  fossils  in  their  natural  forms.  In  Fig.  78  f 
specimen  of  the  same  species  of  trilobite  as  in  Fig.  77  is  represented 
where  it  has  been  distorted  during  the  shearing  of  the  enclosing 
rock.  In  Fig.  80  four  examples  of  the  same  shell  as  in  Fig.  79  an 
shown  greatly  distorted  by  a  strain  which  has  elongated  the  rock  in  tb< 
direction  a  h?  Amorphous  crystalline  rocks  (pegmatite,  granite,  diorite' 
have  been  so  crushed  as  to  acquire  a  schistose  structure  (pp.  575,  578). 

Another  illustration  of  the  effects  of  pressure  in  producing  deforma 

*  Jannettaz,  Renevier  and  Lory.  BuU.  Soe.  Geol.  France^  ix.  p.  649. 

'  Comptes  Eendtis,  xliv.  p.  823  ;  nlso  his  *  Gdologie  Expdri  mental c/  part  i.  sect,  li 
chap,  iii.,  where  a  seriefi  of  important  experiments  on  deformation  is  given.  For  yarioiu 
examples  and  opinions,  soe  Rothpletz,  Z.  DfiiUsch.  Ged.  Ges.  xxxi.  p.  355.  Heim 
•  Mecnanismns  der  Ocbirgsbildung,'  1878,  vol.  ii.  p.  31.  Hitchcock,  *  Geology  of  Vermont 
i.  p.  28.  Proe.  Bost,  Soo.  Nat.  llht.  vii.  pp.  209,  353 ;  xviii.  p.  97 ;  xv.  p.  1 ;  xx.  p.  313 
Amer.  Assoc.  1866,  p.  83.  Amer.  Jour.  Set.  (2)  xxxi.  p.  372.  Sorby,  i?g>.  OardUt  Nai 
Soc.  1873,  p.  21.    Bt.  H.  Rensch,  *  Fossilien-fuhrender  Kryst.  Schiefer,'  p,  25. 

■  See  D.  Sharpe,  Q.  J.  Geol  Soc,  iii.  (1846)  p.  75 ;  O.  Fisher,  Geol  Mag.  1884.  p.  399. 
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tun  in  rocln,  is  Hnpplied  by  the  so-called  "  lif^iliteg,"  "  epsomiteB,"  or 
"itfloUtes."  Them  are  cylindrical  or  columnar  bodies  varying  in 
tengtli  up  to  more  than  four  inohcB,  and  in  diameter  up  to  two  or  more 
indies.  The  sides  are  longitudinally  etriated  or  grooved.  Each  column, 
nmlly  with  a  conical  or  rounded  oap  of  day,  beneath  which  a  shell  or 


■'tber  organism  may  frequently  be  detected,  is  placed  at  right  angles  to 
'^  licdding  of  the  limestones,  or  calcareous  shales  through  which 
■'  panes,  and  consiBts  of  the  same  material.  This  Htmoturo  has 
"^i  referred  by  Professor  Marsh  to  the  difTerence  between  the 
"'"wtsiice  offered  by  the  column  under  the  sbcll,  and  by  the  surrounding 


^^trii  to  SHiwrincumbent  pressure.  Tlio  Htriated  surface  in  this  view 
'*  a  cose  of  "  Hliokeiisides."  The  same  observer  has  suggested  that  the 
''^oie  complex  structure  known  as  "  cone-in-cono  "  may  bo  duo  to  thf 
^'^on  of  pressure  upon  concretions  in  tho  course  of  formation.' 

I8C7.    GUmbol,  feftx*.  Dfriheh.  Otot.  Ott.  sixiv. 
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intricate  pnckenngB  are  visible  (Fig.  10).  So  iutouse  has  been  the 
pienaxe,  that  even  the  tiny  flakes  of  mica  and  other  minerals  have  been 
forced  to  arrange  themselves  in  complex,  friJled,  crimped  and  goffered 
ibklings-  On  an  inferior  scale,  local  compression  and  contortion  may  bo 
Gtued  by  the  protrusion  of  eruptive  rocks.  The  characters  of  plicated 
rocb  as  part  of  the  framework  of  the  terrestrial  crust  are  given  in 
Book  IV.  Part  IV. 

As  may  be  supposed,  it  is  difficult  to  illustrate  experimentally  the 
prooeans  by  which  vast  masses  of  rock  have  been  plicated  and  crumpled. 
The  early  devices  of  Sir  James  Hall,  however,  may  be  cited  from  their 
interest  as  the  first  attempts  to  demonstrate  the  origin  of  the  contortion 
of  rocks.  He  placed  layers  of  cloth  under  a  weight,  and  by  com- 
preenng  them  f^m  two  sides  produced  corrugations  closely  resembling 
iboee  of  the  Silurian  strata  of  the  Berwickshire  coast  (Fig.  81). 
Professor  Favre  of  Geneva  has  devised  an  experiment  which  more 
doBely  imitates  the  conditions  in  nature.  Upon  a  tightly  stretched 
band  of  india-rubber  ho  places  various  layers  of  clay,  making  them 
adheie  to  it  as  firmly  as  possible.  By  then  allowing  the  band  to 
contract  he  produces  in  the  overlying 
stnta  of  day  a  series  of  contortions, 
inTenions,  and  dislocations  which  at 
onoe  recall  those  of  a  great  mountain 
duun.^ 

(6.)  Jointing  and  Dislocation. 
—Almost  all  rocks  are  traversed  by 
vertical  or  highly  inclined  divisional 
planes  termed  joints  (Book  IV.  Part 
n.).  These  have  been  regarded  as 
^ne  in  some  way  to  contraction  dur- 

"*g  consolidation  (fissures  of  retreat);  and  this  is  no  doubt  their 
^^'igin  in  innumerable  cases.  But,  on  the  other  hand,  their  frequent 
'^g^ilarity  and  persistence  across  materials  of  very  varying  texture 
^'"K^t  rather  the  effects  of  internal  pressure  and  movement  within 
the  crust  In  an  ingenious  series  of  experiments,  Daubree  has  imitated 
jointa  and  fractures  by  subjecting  different  substances  to  undulatory 
ittovement  by  torsion  and  by  simple  pressure,  and  he  infers  that  they 
"*ve  l)een  produced  by  analogous  movements  in  the  terrestrial  crust.^ 

Bnt  in  many  cases,  the  rupture  of  continuity  has  been  attended  with 
'I'lative  displacement  of  the  sides,  producing  what  is  termed  a  fault, 
^ubrte  also  shows  experimentally  how  faults  may  arise  from  the  same 
movements  as  have  caused  joints  and  from  bending  of  the  rocks.  As 
^^^  solid  cnist  settles  down,  the  subsidence,  where  unequal  in  rate, 
'^'*y  cause  a  rupture  between  the  less  stable  and  more  stable  areas, 
"k'u  a  tract  of  ground  has  been  elevated,  the  rocks  underlying  it 

\  iVaturc,  xiv.  (1878),  p.  103. 
(\sr  '  ^^^  Experim.'  Part  I.  sect.  ii.  chap.  ii.     See  W.  King,  Boy.  Irith  Acad.  xxv. 
v»o75),  p.  605,  and  the  theories  of  jointing  given  postea,  p.  490. 


Fig.  81.— Hall's  Experiment  illiutratiug 
contortiou. 
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get  more  room  by  being  pmilied  up,  and  are  placed  in  a  positicm.  of 
more  or  less  instability.  As  tbey  cannot  occupy  the  additional  space 
by  any  elastic  ex2)ansion  of  their  mass,  they  accommodate  them- 
Helves  to  the  new  position  by  a  series  of  dislocations.^  Those  segmentii 
having  a  broad  base  rise  more  than  those  with  narrow  bottoms,  or  the 
latter  sink  relatively  to  the  former.  Each  broad-bottomed  segment 
is  thus  bounded  by  two  sides  sloping  towards  the  upper  ]»rt  oi 
the  block.  The  plane  of  dislocation  is  nearly  always  inclined  from  the 
vertical,  and  the  side  to  which  the  inclination  rises,  and  from  which  it 
'*  hades,"  is  the  upthrow  side.  Faults  of  this  kind  are  termed  Manual. 
and  are  by  far  the  most  common  in  nature.  In  mountainous  regions, 
however,  instances  frequently  occui*  where  one  side  has  been  pushed 
over  the  other,  so  that  lower  are  placed  above  higher  beds.  Such  a  faull 
is  said  to  be  reversed.  It  indicates  an  upward  thrust  within  the  crast 
and  is  often  to  be  found  associated  with  lines  of  plication.  Where  f 
Hharp  fold,  of  which  one  limb  is  pushed  forward  over  the  other,  gives  wa^ 
along  a  line  of  rupture,  the  result  is  a  reversed  fault.  The  details  o! 
these  features  of  geological  structure  are  reserved  for  Book  IV.  Part  VI 

§  4.   The   Metamorphism  of  Rocks. 

Mctamorphism  is  a  crystalline  (usually  also  a  chemical)  rearrange- 
ment of  the  constituent  materials  of  a  rock.  In  its  production  the  fol- 
lowing conditions  have  been  mainly  operative.  (1)  Temperature,  from 
the  lowest  at  which  any  change  is  possible  up  to  that  of  complete  fusum; 
(2)  nature  of  the  materials  operated  upon,  some  being  much  more 
susceptible  of  change  than  others ;  (3)  mechanical  movements,  whiob 
so  often  have  induced  molecular  rearrangements  in  rocks ;  (4)  pressoret, 
the  potency  of  the  action  of  heat  being,  ^vithin  certain  limits,  increased 
with  increase  of  pressure ;  (5)  presence  of  water,  usually  containing 
various  mineral  solutions,  whereby  chemical  changes  might  be  effidcted 
which  would  not  bo  possible  in  dry  heat. 

Since  experiment  has  proved  that  in  presence  of  water  under 
pressure,  even  at  comparatively  low  temperatures,  mineral  substanoofi 
are  vigorously  attacked,  we  may  expect  to  find  that  as  these  conditiona 
abundantly  exist  within  the  earth's  crust,  the  rocks  exposed  to  them 
have  been  more  or  less  altered.  A  large  proi)oi'tion  of  the  accessiUe 
ci-ust  consists  of  sedimentary  materials  which  were  laid  down  on  the 
ocean  bottom,  and  which  were  sfcill  abimdautly  soaked  with  sea-watei 
even  after  they  had  been  covered  over  with  more  recent  formations. 
The  gradual  growth  of  submarine  accumulations  would  of  course 
deprive  the  lower  strata  of  most  of  their  original  water,  but  some 
proportion  of  it  would  probably  remain.  If,  according  to  Dana,  the 
average  amount  of  interstitial  water  in  stratified  rocks,  such  as  lime- 
stones>  bandstones  and  shales,  l>e  assumed  to  be  2*67  per  cent.,  which  is 
pi-obably  less  than  the  truth,  *'  the  amount  will  correspond  to  two  quarts 

;[  Sec  J.  M.  Wilson,  Geol  Mag,  v.  p.  20G ;  O.  Fieher,  ojt.  cit.  1884. 
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of  witer  for  eveiy  cubio  foot  of  rock."  ^     There  is  certainly  a  consider- 
able store  of  wat^  ready  for  chemical  action  when  the  required  conditions 
of  heat  and  pressure  are  obtained.     We  must  also  remember  that,  as  the 
water  in  which  the  sedimentary  formations  of  the  crust  were  formed 
wiB  mostly  that  of  the  ocean,  it  already  possessed  chlorides,  sulphates,  and 
other  ndts  with  which  to  begin  its  reactions.    The  inference  may  therefore 
be  drawn^  that  rocks  possessing  not  more  than  3  per  cent,  of  interstitial 
water  cannot  be  depressed  to  depths  of  several  thousand  feet  beneath  the 
level  of  the  earth's  surfistce,  and  undergo  great  pressure  and  crushing, 
without  suffering  more  or  less  marked  internal  change  or  metamorphism. 
A  metamorphosed  rock  is  one  which  has  suffered  such  a  minera- 
logical  rearrangement  of  its  substance.     It  may  or  may  not  have  been  a 
dystalline  rock  originally.     Any  rock  capa]>lc  of  alteration  (and   all 
rucb  must  bo  so  in  some  degree)  will,  when  subjected  to  the  required 
wnditions,  be  metamorphosed.     The  resulting  structure,  however,  will, 
MTe  in  eztrome  cases,  bear  witness  to  the  original  character  of  the  mass. 
In  some  instances,  the  change  has  consisted  merely  in  the  rearrangement 
ur  crystallization  of  one  mineral  originally   present,  as  in  limestone 
inverted  into  marble ;  in  others,  the  constituents  have  been  forced  by 
mechanical  movements  to  range  themselves  in  parallel  laminee,  as  where  a 
<liorite  or  pyroxenic  rock  becomes  a  hornblende-schist ;  in  others,  the  intro- 
dnctiou  of  mineral  solutions  has  involved  the  partial  or  complete  trans- 
formation of  the  original  constituents,  whether  crystalline  or  clastic, 
iiito  new  crystalline   minerals.     Quartzite  is   evidently  a  compacted 
sandstone,  either  hardened  by  mere  prossui-e,  or  most  freciuently  by  the 
<iepoBit  of  silica  between   its  granules,  or  a  slight  solution  of  these 
g'^^ules  by  permeating  water  so  that  they   have   become   mutually 
''^^herent     A  clay-slate  is  a  hardened,  cleaved,  and  partially  metamor- 
phosed  form  of  muddy  sediment,  which  on  the  one  hand  may  be  found 
^"U  of  organic  remains,  like  any  common  shale,  while  on  the  other,  by  the 
[Appearance  and  gradual  increase  of  some  form  of  mica  and  other  minerals, 
'^  Hiajbe  traced  becoming  more  and  more  crystalline,  until  it  passes  into 
P^yUite,  chiastolite-slatc,  or  some  other  schistose  rock.     Yet  remains 
^^    fossils  may  be  obtained  even  in  the  same    hand-specimens   with 
^^stals  of  andalusite,  ganiet,  or  other  minerals.     The  calcareous  matter 
^^  Oorals  is  sometimes  replaced  by  hornblende,  garnet,  and  axinite,  with- 
^^t  deformation  of  the  fossils.^    A  few  illustrative  examples  of  meta- 
''^^^hism  may  be  given  here;   the  structure  of  metumorphic   rocks, 
''^th  the  phenomena  of  "  regional "  and  "  contact "  metamorphism,  will 
*^  discussed  in  Book  IV.  Part  VIII. 

traduction    of   marble  from    limestone, — One    of    the   most    obvious 
e«  of  alteration — the  conversion  of  ordinary  limestone  into  crystal- 
*^^*i  saccharoid  marble — has  been  already  (p.  276)  referred  to.^     The 

'  *  Hauuiil,'  Snl  od.  (1880),  p.  758. 
.      •  Ann.  dea  Mine^f,  .5me  Bcr.  xii.  ji.  ^18.      II.  II.  KoiiBch,  'Din  Fcwsilieii  filhreiideii 
•^"■yBtalliniachcn  Schicfcr  vou  IJeixeu  *  (tmnaltttcil  by  K.  IJulduiif),  lA'ipzijr,  1883. 

'  See  alBO  ••  Marmiiro»i«  "  in  Book  IV.  Part  VIII. 
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calcito  liaviug  imdergouc  completo  transformation,  its  original  stru* 
tiire,  wlietlier  organic  or  not,  has  been  effaced,  and  a  new  Btmctnre  hs 
Ijoou  dovelopud,  consisting  of  an  aggregate  of  minute  rounded  grain 
each  with  an  independent  cr^'stalliue  arrangement.  The  productic 
of  a  crystalline  structure  in  amorphous  calcite,  may  be  effected  I 
the  action  of  mere  meteoric  water  at  or  near  the  surface  {ante^  p.  11 
and  2H)8t€a,  p.  340).  But  the  generation  of  the  peculiar  granuL 
structure  of  marble  always  demands  heat  and  pressure,  and  probabl 
usually  the  presence  of  water ;  the  details  of  the  process  are,  howevc 
still  involved  in  obscurity.  We  know  that  where  a  dyke  of  basalt  • 
other  intrusive  rock  has  involved  limestone,  it  has  sometimea  been  ab 
t<;  convert  it  for  a  short  distance  into  marble.  The  heat  (and  perha] 
the  moisture)  of  the  invading  lava  have  sufficed  to  produce  a  granuL 
structure,  which  even  under  the  microscope  is  identical  with  that 
marble.  The  conversion  of  wide  areas  of  limestone  into  marble  is 
regional  metamorphism,  associated  usually  with  the  alteration  of  oth 
sedimentitry  masses  into  schists,  &c. 

Dolomiiization, — Another  alteration  which,  from  the  labours  of  V< 
Buch,  received  in  the  early  decades  of   this  centurj*  much   attentv 
Irum  geologists,  is  the  conversion  of  ordinary'  limestone  into  dolomil 
»Somo  dolomite  appears  to  be  an   original   chemical   precipitate  fro 
the  saline  water  of  inland   lakes  and  seas  (p.  384).     But  calcareoi 
formations  due  to  organic  secretions  are  often  weaklj'  dolomitic  at  t' 
time  of  their  formation,  and  may  have  their  proportion  of  magncsir 
carbonate  increased  by  the  action  of  i>ermeating  water,  an  is  proved 
the  convfrsion  into  dolomite  of  shells  and  other  organisms,  cMUsist 
originally  of  calcito  or  aragonite  and  forming  portions  of  what  wm 
doubt  originally  a  limestone,  though  now  a  continuous  mass  of  dolim 
This  change  may  have  Hometimes  consisted  in  the  mere  abstTBCtiQ 
carlnmatu   of  lime    fi\)m   a  limestone  already  containing  carlioiu^ 
magnesia,  so  as  to  leave  the  rock  in  the  form  of  dolomite;  orpi^- 
re    usually   in   the   action   of    the    magnesium   salts  of  m^ 

ecially  the  chloride,  upon  organically-fonned  limestone;  ^^ 
times  lo(jally  in  the  action  of  a  solution  of  carbonate  of 


csiMJCiuii^y  tiiu  uiiiorioe,  upon  orgaiucaiiy-iormeu  iimosujne;  ^^ 
times  lo(jally  in  the  action  of  a  solution  of  carbonate  of  in%I*^ 
«|jirbonated  water  upon  limestone,  either  magucsian  or  noiKt^%F 


VlVw  dc  Beaunuiut  (calculated  that  on  the  assumption  tli^^\j 
every  twt>  equivalents  of  carbonate  i>f  lime  was  replaoQ^  x  ^ 
of  magnesia,  the  conversion  of  limestone  into  dolomite  Wi  ,^^>  v^V 
witli  a  reductitin  of  the  volumo  of  the  mass  to  the  ..  '^ 

<eiil.     It  is  certainly  remarkal)le  in  this  connection  \\. 
dolomite,  wliicli  may  bo  conceived  to  have  once  bcHsi\  y 
cavernous,  iissured  structure  which,  on  this  theory  ^,c 
liave  Ikm'U  l(»oked  for. 

Dolomite  has  been  produced  Inith  on  u  «»■ 
In  the  north  of  England  and  elsewhen*    ' 
hiis  been  altered  for  a  few  feet  ■•• 
into  a  dull  yellow  dolomite.  1- 
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zones  of  dolomite  occur  also  in  the  Carboniferous  Limestone  of  Ireland. 
HarknesB  pointed  out  that  the  dolomite  appears  in  vertical  ribs  where  the 
rookB  are  much  jointed,  and  in  beds  where  they  have  few  or  no  joints.^ 
Ko  doubt  percolating  water  has  been  the  agent  of  change  in  the  vertical 
ames.  The  beds,  however,  which  in  Ireland  and  elsewhere  constitute 
important  masses  in  the  Carboniferous  Limestone,  were  more  probably 
fonned  contemporaneously  with  the  rocks  among  which  they  lie.  They 
may  ha^e  been  deposited  as  limestone  in  shallow  lagoons  where  the 
magnesian  salts  of  concentrated  sea-water  would  act  upon  them.  Dole- 
mite  sometimes  forms  great  ranges  of  mountains,  as  in  the  Eastern  Alps, 
where  it  has  by  some  writers  been  regarded  as  altered  ordinary  limestone. 
In  all  probability,  however,  these  masses,  also,  became  dolomite  at  the 
beginning,  by  liie  action  of  the  magnesian  salts  of  the  concentrated 
waters  of  inland  seas  upon  organic  or  inorganic  calcareous  deposits 
aooomnlatod  previous  to  the  concentration,  their  metamorphism  having 
oomdsted  mainly  in  the  subsequent  generation  of  a  crystalline  structure 
analogous  to  thai  of  the  conversion  of  limestone  into  marble.^ 

Comoenum  of  vegetable  substance  into  coal.  —  Exposed  to  the  atmo- 
spbere,  dead  vegetation  is  decomposed  into  humus,  which  goes  to 
increase  the  soil.  But  sheltered  from  the  atmosphere,  exposed  to  the 
action  of  water,  especially  with  an  increase  of  temperature,  and  under 
some  pressure,  it  is  converted  into  lignite  and  coal.  An  example  of 
thia  alteration  was  observed  a  few  years  ago  in  the  Dorothea  mine, 
ClansthaL  Some  of  the  timber  in  a  long-disused  level,  filled  with  slate 
nibbish,  and  saturated  with  the  mine-water  from  decomposing  pyrites, 
was  found  to  have  a  leathery  consistenco  when  wet,  but,  on  exposure  to 
the  air,  hardened  to  a  firm  and  ordinary  brown-coal,  with  the  typical 
brown  colour  and  external  fibrous  structure,  and  having  the  internal 
fracture  of  a  black  glossy  pitch-coal.^  This  change  must  have  been 
produced  within  less  than  four  centuries — the  time  since  the  levels  wore 
^pened.  According  to  Bischofs  determinations  the  conversion  of  wood 
into  coal  may  take  place,  1st,  by  the  separation  of  carbonic  acid  and 
^^buretted  hydrogen  ;  2nd,  by  the  separation  of  carbonic  acid,  and  the 
formation  of  water  either  from  oxidation  of  hydrogen  by  meteoric 
®^ygen,  or  from  the  hydrogen  and  oxygen  of  the  wood ;  3rd,  by  the 
*P*ration  of  carbonic  acid,  carburetted  hydrogen  and  water.*  The 
^circumstances  under  which  the  vegetable  matter  now  forming  coal  has 
^^  accumulated  were  favourable  for  this  slow  transmutation.  The 
^bon-dioxide   (choke-damp)  of  old  coal-mines  and   the  carburetted 

[  Q.  jr.  Gtol.  Soe.  XV.  p.  100. 
^  On  dolomitization,  sec  L.  von  Buch,  in  Lconhurd^H  Mineralog.  Tafcfiehbuchj  1824  ; 
*J*jo»ann'8  •  Geog^osie,'  i.  p.  763  ;  Bischofs  *  Chemical  Geology,'  iii. ;  Elie  de  Beaumont, 
i!!t  '^'  ^'^^'  France,  viii.  (1836)  p.  1 74 ;  Porby,  BHi.  Aswc.  Rep,  1856,  part  ii.  p.  77,  and 
•*«a«^,  q,  J.  Gtol,  Soc,  1879.  A  full  statement  of  the  litemture  of  tliia  subject  wiU  bu 
mn^  in  a  suggestive  memoir  by  0.  Doelter  and  R.  Hoenie:*,  Jahrb.  Geol.  Reichmuslalt ^ 
^*  See  also  potteaj  p.  562.  The  dolomite  mountains  of  the  Eastern  Alps  have  been 
^1  described  by  Mojsisovics.  See  account  of  Triossic  system,  potleaf  Book  VI. 
Hinchwald,  Z,  Deuitch,  Geol,  Ges,  xxv.  p.  364. 

*  BiKhof, '  Chem.  Geol.*  i.  p.  274. 
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hydrogen  (fire-damp  CH4)  given  ofif  in  such  large  quantitieB  1^  c 
ueams,  are  productH  of  the    alteration  which  would    appear    to 
accelerated  by  terrestrial  movementti,  Bucli  as  those  that  oompresii  1 
2)licato  rocks.     During  the  proceus,  these  gases  escape,  and  the  pio^ 
tion  of  carbon  progressively  increases  in  the  residue,  till  it  reachee 
most  highly  mineralized  anthracite  (p.  173),  or  may  even  pass  into  nea 
pure  carbon  or  graphite.     In  the  coal-basins  of  Mons  and  Yalencienj 
the  same  seams  which  are  in  the  state  of  bituminous  coal  {graa)  at 
surface,  gradually  lose  their  volatile  constituents  as  they  are  tra 
downward  till  they  pass  into  anthracite.     In  the  Pennsylvanian  a 
field,  the  coals  become  more  anthracitic  as  they  are  followed  into 
eastern  region,  where  the  rocks  have  undergone  great  plicatioiiy  I 
where,  possibly  during  the  subterranean  movements,  they  were  expo 
to  an  elevation   of  temperature.^     Daubree  has  produced  from  wo 
exposed  to  the  action  of  superheated  water,  drop-like  globules  of  antknu 
which  had  evidently  been   melted  in  the  transformation,   and  wb 
presented  a  close  resemblance  to  the  anthracite  of  some  mineral  veijui 

Production  of  the  schistose  structure, — All  rocks  are  not  equally  j 
meable  by  water,  nor  is  the  same  rock  equally  permeable  in  all  di] 
tions.  Among  the  stratified  rocks  esix^cially,  which  form  so  larg 
proportion  of  the  visible  ten-ostrial  crust,  there  are  great  differez 
in  the  facility  with  which  water  can  travel,  the  planes  of  sedimentat 
(or  those  of  cleavage  or  sliearing  where  these  have  been  develop 
being  naturally  those  along  which  water  passes  most  easily.  It 
in  these  planes  that  dififerenccs  of  mineral  structure  and  oompoeii 
are  ranged.  Alternate  layers  of  siliceous,  argillaceous,  and  caloaxe 
material  vary  in  porosity  and  ca])ability  of  being  changed  by  ] 
meating  water.  We  may,  therefore,  expect  that  unless  the  ozigi 
stratified  structure  has  been  efifaced  or  rendered  inoperative  by  any  ot 
superinduced  structure,  it  will  guide  the  metamorphic  action  of  \uii 
groimd  water,  and  will  remain  more  or  less  distinctly  traceable  e^ 
after  very  considerable  mineralogical  transformations  have  taken  pli 
Even  without  this  guiding  influence,  superheated  water  can,  to  a  oerl 
extent,  produce  a  schistose  structure,  parallel  to  its  bounding  surfa 
as  Daubree*B  experiments  \i\ion  glass,  above  cited,  have  proved.   ' 

The  stratified  formations  consist  largely  of  silica,  silicates  of  alumi 
lime,  magnesia,  soda,  and  potash,  and  iron  oxides.  These  mineral  b 
stances  exist  there  as  original  ingredients,  partly  in  recognisable  w 
crystals,  partly  in  a  granular  or  amor^)hous  condition,  ready  to  be  ac 
on  by  permeating  water  under  the  requisite  conditions  of  temperat 
and  pressure.  We  can  understand  that  any  re-combination  and 
crystallization  of  the  silicates  will  prol)ably  follow  the  lamince  of  dep 
or  of  cleavage,  and  that  in  this  way  a  ciystalline  foliated  structure  ma^ 
developed.     Kound  masses  of  granite  erupted  among  Palaeozoic  ro< 

*  Daubree,  *  Geologic  Expuriuicntale/  p.  IGJ.  Part  of  the  framework  below  a  ate 
hiiiiiiucr  had  been  fuuud  after  twenty  years  to  be  coQvertecl  into  li^iite.  F.  Seek 
Verh.  Geol.  Beichs.  1883,  p.  192.  '  Op,  cit,  p.  177. 
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iDstractiTe  sectioiiB  may  be  obeerved  whore  a  transition  can  be  traced  from 
ordinary  mialtered  sedimentary  strata,  bucL  as  sandstones,  greywackcs 
and  Bhales  containing  foesilB,  into  foliated  crystalline  rocks,  to  which 
the  nunes  of  micaHMduBt  and  even  gneiss  may  be  applied.  (Book  IV. 
Ftft  Tin.)  Not  only  can  the  gradual  change  into  a  crystalline 
fdiated  straoture  be  readily  followed  with  the  naked  eye,  but  Avith  the 
aid  of  the  mioroaoope  the  finer  details  of  the  alteration  can  be  traced. 
IGnute  plates  of  some  micaceous  mineral  and  small  concretions  of  anda- 
luite,  garnet,  quartz,  d:c.,  may  be  observed  to  have  crystallized  out  of  the 
soiroaiiding  amorphous  sediment.  These,  especially  the  mica,  can  be 
leen  gradually  to  increase  in  size  and  number  towards  the  granite,  until 
the  rock  assumes  a  thoroughly  foliated  structure  and  passes  into  a  true 
achiit  Tet  even  in  such  a  schist,  traces  of  the  original  and  durable 
water-worn  quartz-granules  may  be  detected.^  Foliation  is  thus  a 
ciyataUine  segpregation  of  the  mineral  matter  of  a  rock  in  certain 
dominant  planes  which  may  be  those  of  original  stratification,  of  joints, 
of  deavage,  of  shearing  or  of  fracture.^  Mr.  Sorby  has  recognised 
foliation  in  three  sets  of  planes  even  among  the  same  rocks.^ 

Sorope  many  years  ago  called  attention  to  the  analogy  between  the 
foliation  of  soldsts  and  the  ribbanded  or  streaked  structure  of  trachyte, 
obsidian  and  other  lavas.^  This  analogy  has  even  been  regarded  as  an 
identity  of  structure,  and  the  idea  has  found  supporters  that  the 
Bchiitoee  rocks  have  been  in  a  condition  similar  to  or  identical  with  that 
of  nuiny  volcanic  masses  and  have  acquired  their  peculiar  fissility  by 
differential  movements  within  the  viscous  or  pasty  magma,  the  solidified 
niinerals  being  drawn  out  into  layers  in  the  direction  of  shearing. 
Daubree,  availing  himself  of  the  researches  of  Tresca  on  the  flow  of 
*>lidfl  (p.  292),  has  endeavoured  to  imitate  artificially  some  of  the 
pbenomena  of  foliation  by  exposing  clay  and  other  substances  to  great 
but  Qnequal  pressure.* 

That  the  production   of  the  schistose  structure   has   been   largely 

influenced  by  mechanical  movements  cannot  be  doubted.     A  relation 

^  be  commonly  traced  between  the  completeness  of  this  structure  and 

^®  extent  of  the  corrugation  of  the  rocks,  the  most  highly  puckered 

'flaases  being  also  as  a  rule  the  most  coarsely  schistose.     We  may 

^ceive  the  shearing  action  that  produced  cleavage  to  be  still  further 

"^^^Icpeil.     It  might  be  accompanied  with  sufficient  augmentation  of 

^I>«rature  to  permit  of  extensive  mineralogical  transformation  along 

^®  oleavage-planes  or  sheariug-planes.    But  probably  a  rise  of  tempera- 

^/^    was  not  essential.     The  conversion  of  pyroxene  into  hornblende, 

^i^^oli  has  been  observed  in  regions  of  crystalline  schists,  points  indeed 

*^    lower  temperature  than  that  required  for  the  crystallization  of 

^^     original  mineral.®     A  schistose  structure  of  almost  any  degree  of 

^    ^knrby,  Q.  J.  GeoL  8oo.  xxxvi.  p.  82. 
^       Darwin, '  Geological  Obttcn'ations,'  p.  1G2.    llauiday,  **  Goologv  of  North  Walen,"  iii 
**>V>iw  of  Gtol.  Survey,  vol.  iii.  p.  182.  '»  Op.  cil.  p.  84. 

*  •Volcanoes,'  pp.  14U,  30U.  *  •(ieoh.gie  Expe'rimentale/  p.  410. 

Bee  for  example  Q.  U.  Williamti,  Anter.  Juum,  i:y*:i,  3nl  aer.  xxviii.  (1884)  p.  25U. 


300  DYNAMICAL   GEOLOGY.  [Book  H 


coarseness  might  oonoeivably  be  produced.  A  mixed  rock  like  gxaail 
might  be  converted  into  a  foliated  gneiss.  Diorite,  diabase  or  gabbi 
might  likewise  by  mere  mechanical  movement  be  made  to  aflBume 
schistose  structure  and  pass  into  amphibolite-schist.  That  snoh  hi 
been  really  the  origin  of  at  least  some  gneisses  and  sohistB  is  in  tl 
highest  degree  probable. 

Again,  in  some  places  the  schistose  structure  may  be  found  ' 
disappear  and  to  be  replaced  by  one  of  a  thoroughly  amorphouB  kin 
indistinguishable  from  that  of  ordinary  eruptive  rocks.  Where  Teii 
or  injected  portions  of  such  an  amorphous  rock  penetrate  the  adjoiniii 
highly  crystalline  foliated  masses,  they  may  be  i)ortiouB  of  the  foliat< 
rocks  reduced  to  the  ultimate  stage  of  crystalline  rearrangement,  eveo 
trace  of  foliation  or  original  structure  having  been  effaced,  and  ti 
rocks  having  been  brought  into  a  plastic  condition,  in  which,  dnrix 
the  crumpling  of  the  crust,  they  were  actually  forced  into  crackB  of  ti 
less  highly  altered  members  of  their  own  series.  Gneiss  in  a  plast 
state  and  squeezed  into  fissures,  or  between  beds  of  firmer  oond 
tence,  might  conceivably  consolidate  as  granite.  The  solution  of  sn< 
problems  will  be  best  obtained  by  an  exhaustive  study  of  the  snooe 
sive  phases  of  metamorphism,  beginning  with  the  initial  stages  whe 
the  original  characters  of  the  altered  rocks  are  still  indisputable.^ 

The  study  of  metamorphism  and  metamorphic  rocks  leads  us  &o 
unaltered  mechanical  sediments  at  the  one  end,  into  thoroughly  orysti 
line  masses  at  the  other.  We  are  presented  with  a  cycle  of  ohan; 
wherein  the  same  particles  of  mineral  matter  pass  from  crystalline  roo 
into  sedimentary  deposits,  then  by  increasing  stages  of  alteration  ba 
into  crystalline  masses,  whence,  after  being  reduced  to  detritus  and  i 
deposited  in  sedimentary  formations,  they  may  be  once  more  launch 
on  a  similar  series  of  transformations.  The  phenomena  of  metani< 
phism  appear  to  be  linked  together  with  those  of  igneous  action 
connected  manifestations  of  hypogene  change.  The  author  has  fhrtl 
suggested  a  relation  between  periods  of  extensive  metamorjthism  a 
periods  of  volcanic  eruption.  He  has  pointed  out  that  in  the  geologic 
history  of  Britain  there  are  indications  of  such  a  relation,  the  voloa] 
eruptions  of  the  Old  Bed  Sandstone  period,  for  example,  succeeding  i 
time  when  the  Silurian  rocks  of  the  Scottish  Highlands  were  crumpled  a 
metamorphosed.^ 

Part  II.  Epicene  or  Surface  Action  : 

An  Inquiry  into  the  Oeoloyical  Changes  in  progrcBS  upon  the  EarlKs  Sur/oi 

On  tLe  surface  of  the  globe  and  by  the  operation  of  agents  worki 
there,  the  chief  amount  of  visible  geological  change  is  now  effect 
This  branch  of  incjuiry  is  not  involved  in  the  preliminary  difficul 
i-cgarding  the  very  nature  of  the  agents,  which  attends  the  investigati 
of  plutonic  action.     On  the  contrary,  the  surface  agents  are  carry! 

'  See  tbe  account  of  the  GryBtnlline  Scliista,  p.  554,  whiih  is  necessarily  in  iMurt  t 
tioipated  above.  *  Tram.  Gad,  8oe,  Edin.  il  p.  287. 


Pin  IL  Bmr.  i]  EPIGENE  ACTION'-Ain.  301 


on  their  work  tinder  our  eyes.  Wo  can  watch  it  in  all  its  stages, 
measure  its  progrefls,  and  mark  in  many  ways  how  well  it  represents 
similftr  changee  which  for  long  ages  previously  mnst  have  been  effected 
by  similar  means.  But  in  the  systematic  treatment  of  this  subject,  a 
difficulty  of  another  kind  presents  itself.  While  the  operations  to  be 
discoflnd  are  numerous  and  often  complex,  they  are  so  interwoven  into 
one  great  network  that  any  separation  of  them  under  different  sub- 
diyisions  is  sure  to  be  more  or  less  artificial,  and  is  apt  to  convey  an 
enoneous  impression.  While,  therefore,  under  the  unavoidable  ne- 
oeenty  of  making  use  of  such  a  classification  of  subjects,  we  must  bear 
slwajB  in  mind  that  it  is  employed  merely  for  convenience,  and  that  in 
natnre,  superficial  geological  action  must  be  viewed  as  a  whole,  since 
the  work  of  each  agent  has  close  relations  with  that  of  the  others,  and 
is  not  properly  intelligible  unless  this  connection  be  kept  in  view. 

The  movements  of  the  air ;  the  evaporation  from  land  and  sea ;  the 

Wl  of  rain,  hail,  and  snow ;  the  flow  of  rivers  and  glaciers ;  the  tides, 

cttirents,  and  waves  of  the  ocean ;  the  growtli  and  decay  of  organised 

^ristenoe,  alike  on  land  and  in  the  depths  of  the  sea : — in  short,  the 

^hole  circle  of  movement,  which  is  continually  in  progress  upon  the 

^'Uface  of  our  planet,  are  the  subjects  now  to  be  examined.     It  would  be 

desirable  to  adopt  some  general  term  to  embrace  the  whole  of  this  range 

^^  inquiry.     For  this  end  the  word  e  p  i  g  e  n  e  may  be  suggested  as  a  con- 

^^ient term,  and  antithetical  tohypogene,  or  subterranean  action. 

The  simplest  arrangement  of  this  part  of  Geological  Dynamics  will 
''G  into  three  sections : — 

I.  Air. — The  influence  of  the  atmosphere  in  destroying  and  form- 
'^K  rocks. 

II.  Water. — The  geological  functions  of  the  circulation  of  water 
**^irough  the  air  and  between  sea  and  land,  and  the  action  of  the  sea. 

III.  Life. — The  part  taken  by  plants  and  animals  in  preserving, 
^^^troying,  or  originating  geological  formations. 

The  words  destructive,  reproductive,  and  conservative,  employed  in 

^^^cribing  the  operations  of  the   epigene   agents,  do   not   necessarily 

^J*^ply  that  anything  useful  to  man  is  destroyed,  reproduced,  or  pre- 

*^x-Ted.     On  the  contrary,  the  destructive  action  of  the  atmosphere  may 

co^rer  bare  rock  with  rich  soil,  while  its  reproductive  effects  may  bury 

'"^"rtile  soil  under  sterile  desert.     Again,  the  conservative  influence  of 

vegetation  has  sometimes  for  centuries  retained  as  barren  morass  what 

T'^'^ight  otherwise  have  become  rich   meadow   or  luxuriant  woodland. 

Trie  terms,  therefore,  are  used  in  a  strictly  geological  sense,  to  denote 

"le  removal  and  re-deposition  of  material,  and  its  agency  in  preserving 

^tat  lies  beneath  it. 

Section  i.  Air. 

The  geological  action  of   the   atmosphere   arises   partly   from   its 

chemical  composition  and  partly  from  its  movements.     The  composition 

^*  the  atmo8])heric  envelo])e  has  been  already  discussed  fp.  30),  and 

"Either  information  will  Ix?  found  under  the  liead  of  Eain.     The  move- 
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ments  of  the  atmosphere  are  due  to  variations  in  the  distribtition  of 
pressure  or  density,  the  law  being  that  air  always  moves  spirally  from 
where  the  pressure  is  high  to  where  it  is  low.  Atmospherio  preasiire 
is  understood  to  be  determined  by  two  causes,  temperature  and  aqueous 
vapour.  Since  warm  air,  being  less  dense  than  cold  air,  asoends,  wUUe 
the  latter  flows  in  to  t-ake  its  place,  the  unequal  heating  of  the  earth's 
surface,  by  causing  upward  currents  from  the  warmed  portions,  picdnoee 
liorizontal  currents  from  the  surrounding  cooler  regions  inwards  to  the 
central  ascending  mass  of  heated  air.  The  familiar  land  and  sea  breeces 
offer  a  good  example  of  this  action.  Again,  the  density  of  the  air  lessens 
with  increase  of  water-vapour.  Hence  moist  air  tends  to  rise  as  wanned 
air  does,  with  a  corresponding  inflow  of  the  drier  and  consequently 
lieavier  air  from  the  surrounding  tracts.  Moist  air,  ascending  and 
diminisliing  atmospheric  pressure,  as  indicated  by  the  fall  of  the 
Imrometer,  rises  into  higher  regions  of  the  atmosphere,  where  it  expands, 
cools,  condenses  into  visible  cloud  and  into  showers  that  descend  again 
to  the  earth. 

Unequal  and  rapid  heating  of  the  air,  or  accumulation  of  aqneoaf 
vapour  in  the  air,  and  possibly  some  other  influences  not  yet  properly 
understood,  give  rise  to  extreme  disturbances  of  pressure,  and  con- 
sequently to  storms  and  hurricanes.  For  instance,  the  barometer  some- 
times indicates  in  tropical  storms  a  fall  of  an  inch  and  a  half  in  an  hour, 
showing  that  somewhere  about  a  twentieth  part  of  the  whole  mass  of 
atmosphere  has,  in  that  short  space  of  time,  been  displaced  over  a  certain 
area  of  the  earth's  surface.  No  such  sudden  change  can  occur  without 
the  most  destructive  tempest  or  tornado.  In  Britain  the  tenth  of  an 
inch  of  barometric  fall  in  an  hour  is  regarded  as  a  large  amount,  suoh  as 
only  accompanies  great  storms.^  The  rate  of  movement  of  the  air 
depends  on  the  difference  of  barometric  pressure  between  the  regi<ma 
from  and  to  which  the  wind  blows.  Since  much  of  the  potency  of  the 
air  as  a  geological  agent  depends  on  its  rate  of  motion,  it  is  of  interest 
to  note  the  ascertained  velocity  and  pressure  of  wind  as  expressed 
in  the  subjoined  table : — 

Velocity  in  Mile*        PreteuK  In  Poundii 

per  hour.  per  square  font. 

Calm 0  0 

Light  breeze         ....     14  1 

Strong  breeze        ....     42  9 

Strong  gale 70  25 

Hurricane 84  36 

While  the  paramount  importance  of  the  atmosphere  as  the  vehicle 
for  the  circulation  of  moisture  over  the  globe,  and  consequently  as 
powerfully  influencing  the  distribution  of  climate  and  the  growtii  of 
plants  and  animals,  must  l)e  fully  recognised  by  the  geologist,  be  is 
specially  called  upon  to  consider  tlie  influence  of  the  air  in  directly  pro- 
ducing geological  changes  upon  the  surface  of  the  land  and  in  augment- 
ing the  geological  work  done  by  water. 

1  Biichsn'8'll«teoroLogy,'p.  £66. 
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5   1.  Geological  work  of  the  atmosphere  on  land. 

Viewed  in  a  broad  way,  the  air  is  engaged  in  the  twofold  task  of 
promoting  the  disintegration  of  superficial  rocks  and  in  removing  and 
redistributing  the  finer  detritus.  These  two  operations  however  are  so 
intimately  bound  up  with  each  other  that  they  cannot  be  adequately 
understood  unless  considered  in  their  mutual  relations. 

L  Destractive  action. — Still  dry  air,  not  subject  to  much  range  of 
temperature,  has  probably  little  or  no  effect  on  minerals  and  rocks.  The 
diemical  action  of  the  atmosphere  takes  place  almost  entirely  through 
diflBolved  moisture.  This  subject  is  discussed  in  the  section  devoted  to 
Bam.  But  sunlight  produces  remarkable  changes  on  a  few  minerals, 
borne  lose  their  colours  (celestmc,  rose-quartz),  others  change  it,  as 
oenrgyrite  does  from  colourless  to  black,  and  realgar  from  red  to 
^^™Dg6-y©Uow.  Some  of  these  alterations  may  bo  explained  by  chemical 
oaodifications  induced  by  such  causes  as  the  loss  of  organic  matter  and 
oxidation. 

Effects  of  lightning. — Hibbert  has  given  an  account  of  the 
dimiption  by  lightning  of  a  solid  mass  of  rock  105  feet  long,  10  feet 
broad,  and  in  some  places  more  than  4  feet  high,  in  Fetlar,  one  of  the 
Shetland  Islands,  about  the  middle  of  la«t  century.  The  dislodged  mass 
wai  in  an  instant  torn  from  its  bod  and  broken  into  three  large  and 
ieveral  lesser  fragments.  **  One  of  these,  28  feet  long,  17  feet  broad, 
And  5  feet  in  thickness,  was  hurled  across  a  high  point  of  rock  to  a 
distance  of  50  yards.  Another  broken  mass,  about  40  feet  long,  was 
thrown  still  further,  but  in  the  same  direction  and  quite  into  the  sea. 
There  were  also  many  lesser  fragments  scattered  up  and  down."  ^ 

The  more  usual  effect  of  lightning,  however,  is  to  produce  in  loose 
Sand  or  more  comjiact  rock,  patches  of  vitreous  drops  or  bubbles  coating 
the  surface,  also  tubes  termed  fulgurites,  whidi  range  up  to  2J  inches 
in  diameter.     These  tubes  descend  vertically,  but  sometimes  obliquely, 
fiom  the  surface,  occasionally  branch,  and  rapidly  lessen  in  dimensions 
till  they  disappear.     They   are   formed   by  the   actual   fusion   of  the 
particles  of  the  soil  or  rock  surrounding  the  pathway  of  the  electric 
fipark.    They  have  been  most  frequently  found  in  loose  sand.     Abich 
W  observed  examples  of  such  tubular  perforations  with  vitreous  walls 
in  the  porous  reddish- white  andesite  at  the  summit  of  Little  Ararat. ^ 
A  piece  of  the  rock  about  a  foot  long  may  Ix)  obtained  perforated  all 
over  with  irregular  tulws  having  an  average  diameter  of  3  centimetres, 
lach  of  these  is  lined  with  a  blackish-green  glass.     As  the  whole  sum- 
mit of  the  mountain,  owing  to  its  frequent  storms,  is  drilled  in  this 
'Banner,  it  is  evident   that  the  action  of  lightning  may  considerably 
nwidify  the  structure  of  the  sujxirficial  portions  of  any  mass  of  rock 
exposed    on    lofty   eminences   to   frequent   thunderstorms.      Humboldt 
^^f'lleoted  fulgurites  from  a  trachyte  peak  in  Mexico,  and  in  two  of  his 

'  Hibbert'a  •  Shetland  Islands,'  p.  389,  quoting  from  tlie  MS.  of  Ilev.  George  Low. 
'  Siitb.  Akad,  Wiw.  Wien,  Ix.  (1870)  p.  155. 
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when  exposed  to  wind,  has  the  finer  disintograted  particlcH  blown  away 
as  dust  or  sand.  This  process,  which  takes  place  familiarly  before  onr 
eyeB  on  every  street  and  roadway,  over  cultivated  ground,  as  well  as 
(mBorfiujes  with  which  man  has  not  interfered,  is  most  marked  in  dry 
climates.  Aridity  indeed  is  its  main  cause.  Many  old  fortifi(;ationB  in 
Nerthem  China,  for  example,  have  been  laid  bare  to  the  very  founda- 
tions by  the  removal  of  the  surrounding  soil  througli  long-continued 
aotioQ  of  wind.^  In  the  dry  plateaux  of  North  America,  too,  though  no 
hnman  memorials  serve  there  as  measures,  extensive  denudation  from 
the  same  cause  is  in  progress. 

Not  merely  does  the  wind  blow  away  what  has  already  been  loosened 
and  polverised.  The  grains  of  dust  and  sand  are  themselves  employed 
to  rab  down  the  surfaces  over  which  they  are  driven.  The  nature  and 
potency  of  the  erosion  done  by  sand-grains  in  rapid  motion  is  well 
iOustrated  by  the  artificial  sand-blast,  in  which  a  spray  of  fine  siliceous 
■Old,  driven  with  great  velocity,  is  made  to  etch  or  engrave  glass.  The 
abrading  and  polishing  effects  of  wind-blown  sand  have  long  been 
noticed  on  Egyptian  monuments  exposed  to  sand-drift  from  the  Libyan 
desort  Similar  effects  have  been  observ^ed  on  dry  volcanic  plains  of 
hanen  sand  and  ashes,  as  on  the  island  of  Volcano.^  On  the  sandy 
phuns  of  Wyoming,  Utah,  and  the  adjacent  territories,  surfaces  even  of 
nich  hard  materials  as  chalcedony  are  etched  into  furrows  and  wrinkles, 
acquiring  at  the  same  time  a  peculiar  and  characteristic  polish.  There, 
also,  large  blocks  of  sandstone  or  limestone  which  have  fallen  from  an 
adjacent  cliff  are  attacked,  chiefly  at  their  base,  by  the  stratum  of 
driftbg  sand,  until  by  degrees  they  seem  to  stand  on  narrow  pedestals. 
As  these  supports  are  reduced  in  diameter  the  blocks  eventually  tumble 
over,  and  a  new  Imsal  erosion  leads  to  a  renewal  of  the  same  stiigcs  of 
waste.'  Hollows  on  rock-surfaces  may  also  l)e  noticed  where  grains  of 
•«iid,  or  small  pebbles  kept  in  gyration  by  the  wind,  gradually  erode 
the  shallow  cavities  in  which  they  lie. 

As  the  result  of  the  protracted  action  of  wind  ui)on  an  area  exposed 
*t  once  to  great  drought  and  to  rapid  vicissitudes  of  temperature,  a 
^^tinuous  lowering  of  the  general  level  takes  place.  The  great  sandy 
^^^fites  thus  produced  rej^resent,  however,  only  a  j^ortion  of  the  dis- 
integration. Vast  quantities  of  the  finer  dust  are  borne  away  by  the 
wjiid  into  other'  regions,  where,  as  will  be  immediately  pointed  out,  they 
tend  to  raise  the  general  level.  Again,  a  considerable  amount  of  fine 
^^  and  sand,  blown  into  the  neighbouring  rivers,  is  carried  down  in 
^«ir  waters.  In  inland  areas  of  drainage,  indeed,  like  tliat  of  Central 
^*ift»  this  transport  does  not  finsiUy  remove  the  river-borne  sediment 
f^m  the  basin  of  evaiX)ration,  but  tends  to  fill  up  the  lakes.     Where, 


...  *  See  UUbert  in  Wheeler's  Ri^H  of  U.S.  Geograph.  Suri\  W.  of  100/7*  Meridian, 
"^.P-  K2.  W.  P.  Blako,  Union  Pacific  Railroad  ReitorU  v.  pp.  02,  230.  Amer,  Joum, 
**•  U.  (1S55),  p.  178.  NoumanD,  iStiui*  Jahrb.  1874,  p.  337.  Cazalia  «le  Fondouce, 
^^'  Fmnfttwe,  1871),  p.  G46. 
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however,  a^  in  North  America,  rivers  cross  from  the  desert  areas  to  the 
sea,  there  unist  be  a  permanent  removal  of  wind-swept  detritus  by  these 
streams.  In  the  arid  plateaux  drained  by  the  Colorado  and  its  tribu- 
taries, so  great  has  been  the  siibaerial  denudation  that  a  thickness  of 
thousands  of  feet  of  horizontal  strata  has  been  removed  from  the  surface 
of  level  plains  thousands  of  square  miles  in  extent.  This  denudation, 
the  extent  of  which  is  attested  by  the  remaining  cliffs  and  "  buttes,"  or 
outliers,  of  the  strata,  appears  to  be  in  great  measure  due  to  the  causes 
here  discussed,  augmented  in  some  districts  by  the  effects  of  occasional 
heavy  storms  of  rain. 

One  further  effect  produced  by  air  in  violent  motion  may  be  seen  in 
tlie  destruction  caused  by  cyclones.    Not  only  are  houses  demolished, 
with  much  damage  to  other  j^roperty  and  loss  of  life,  but  permanent 
changes  of  more  or  less  importance  are  2)roduced  upon  the  surface  of  a 
coxmtry.     Loose  rocks  on  the  face  of  cliffs  are  hurled  down,  and  lilocks 
of  stone  and  loose  gravel  are  swept  away.     But  the  most  obvious  effects 
are  those  in  wooded  districts,  where  the  trees  are  prostrated  far  and 
near  in  tlie  path  of  the  storm.     On  the  18th  and  19th  of  May,  1883,  i 
succession  of  hurricanes  passed  over  the  States  of  Illinois  and  Wisconsis, 
with  such  fury  that  the  brick  chimney  of  a  factory  was  carried  to  » 
distance  of  three-quarters  of  a  mile,  an  entire  house  was  lifted  into  the 
air  and  blown  to  2)ieces,  and  an  oak  two  feet  in  diameter  was  dashed 
through  a  house.     AY  hen  such  a  storm  passes  over  forest-ground  in 
temperate  latitudes,  the  surface-drainage  may  be  so  obstructed  by  the 
fallen  stems,  that  marsh-plants  spring  up,  and  eventually  the  site  of  • 
forest  may  be  occupied  by  a  peat-moss  (p.  443). 

2.  Reproductive  action. — Growth  of  Dust.  The  fine  dust  and 
sand  resulting  from  the  general  superficial  disintegration  of  rocks  would, 
if  left  undisturbed,  accumulate  in  situ  as  a  layer  that  would  serve  to 
protect  the  still  undeeayed  i>ortion8  underneath.  Such  a  layer,  indeed, 
partially  remains,  but,  l:)eing  liable  to  continual  attack  and  removal,  vaj 
1)0  taken  to  represent,  where  it  occurs,  the  excess  of  disintegration  over 
removal.  In  the  vast  majority  of  cases,  however,  the  superficial  coating 
of  loose  material  is  not  duo  merely  to  the  direct  action  of  the  sun's 
rays  and  of  the  air,  but  in  far  greater  degree  to  the  work  of  nu^ 
aided  by  the  co-operation  of  plants  and  animals.  To  the  layer  thus 
variously  j^roduced,  the  name  of  Soil  is  given.  Its  formation  is  de- 
scribed at  p.  32  G. 

That  wind  plays  an  effective  part  in  the  re-distribution  of  superfidJ 
detritus  is  demonstrated  by  every  doud  of  dust  blown  from  desiccate 
ground.  We  only  need  to  take  into  account  the  multiplying  power  of 
time,  to  realise  how  extensively  the  soil  of  a  district  may  be  loweiedi 
or,  in  other  cases,  may  bo  replenished  and  heightened  by  the  dust-stornui 
of  centuries.  Dust  and  sand,  interoepted  by  the  leaves  of  ptantSi 
gradually  desoend  into  tibe  aoil«  Whither  they  are  washed  down  hf 
rain,  so  that  tfvon  gnuy  snrfiEtce  may  be  slowly  and 

imperceptibly  way»  and   a   soil   may   be  fbnned 
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differing  coiiBiderably  in  chemical  composition  from  what  wouhl  rcHnlt 
merely  from  the  decay  of  the  subsoil.  ^ 

On  the  sites  of  ancient  monuments  and  cities,  this  reproductive  action 
of  the  atmosphere  can  be   most    impressively  seen   and    most  easily 
measured.    In  Europe,  on  sites  still  inhabited  by  an  abundant  population, 
the  deep   accumulations  l)eneath    whicli    ancient  ruins  often   lie  are 
duubtlesB  mainly  to  l)e  assigned   to   the   successive   destructions  and 
Tubnildings  of  generation  after  generation  of  occupants.    But  at  Nineveh, 
Babylon,   and  many  other  eastern    sites,   mounds    which    have    been 
]»ractically  untouched  by  man  for  many  centuries  consist  of  fin(>  dust 
and  sand  gradually  drifted  by  the  wind  round  and  over   abandoned 
cities,  and  protected  and  augmented  by  the  growth  of  vegetation.^     In 
these  arid  lands,  the  air  is  often  laden  \vith  fine  detritus,  which  drifts 
like  snow  round  conspicuous  objects  and  tends  to  bur}*  them  up  in  a 
dust-drift.     In  Central  Asia,  even  when  there  is  no  wind,  tlie  air  is  often 
thick  with  fine  dust,  and  a  yellow  sediment  settles  from  it  over  every- 
thing.    In  Khotan  an  exceedingly  fine  dust  sometimes  so  obscures  the 
Buntliat  even  at  midday  one  cannot  read  large  i)rint  without  a  lami). 
Thigdust,  depjsited  on  the  soil,  heightens  and  fertilises  it,  and  is  regarded 
by  the  inhabitants  as  a  kind  of  manure,  without  which  the  ground  would 
be  barren.^ 

Loess. — This  name  has  been  given  to  a  remarkable  dei>OHit,  first 
dGscribed  in  the  valley  of  the  Rhine,  but  which  has  been  found  to  cover 
vast  areas  both  in  the  Old  World  and  in  the  New.  It  is  a  yellowish  homo- 
geneous clay  f»r  loam,  entirely  unstratified,  and  presenting  everj-wluTO 
a  siii^rular  uniformity  of  composition  and  structure.  Wlien  carefully 
*'xaniiiied,  its  quartz  grains  are  found  to  be  angular,  and  its  mica-flakes, 
in>teiid  of  being  deposited  horizontally,  as  they  are  by  water,  (Xjcur 
digpensedly  in  every  iK)ssible  prjsition  and  with  no  definite  order.  'J'he 
I  thief  constituent  of  loeiss  is  always  hydrated  silicate  of  alniiiiiia,  in  wliieli 
the  bi.-attered  grains  of  (quartz  and  fiakcs  of  mica  are  distribut<.-d.  Jt  is 
'n  some  measure  calcareous,  the  lime  being  here  and  tlieix?  segn  gated 
'nto  curious  concretionary  forms  (Lossmiinehen,  Lusspupi>en,  p.  47 o) 
by  the  action  of  infiltrating  water.  Though  a  firm  unstratified  mass, 
it  is  traversed  bv  innumerable  tubes,  f  »mied  bv  the  descent  r^f  roots, 
^^d  mostly  cruBted  with  carlx)nate  of  lime.  These  have  generally 
«»  vertical  position,  and  ramify  do\Nni wards.  Where  the  surface  is 
Wjvtrfcd  with  vegetation,  they  may  be  seen  occupied  by  r«H»tlet.s  to  a 
depth  of  a  ft^ot  or  a  few  feet  from  the  surface.  By  means  of  tlies*- 
I'ipes  a  tendency  is  given  to  a  vertical  jointing  of  the  mass.     With 

\  C.  Beid,  Gtul.  Mag.  1841,  p.  1C5. 

'  The  rabbieh  vhicL,  in  the  ooursc  <4i  nmny  eentnricti.  lias  acmniulaU.^!  ahjyc  the 
.•lUO'Utiaiis  of  the  AMrmu  boiidings  at  Kouyunjik  wiu  fouml  1«y  [.ayarl  to  ^i^  in  t^'Uih 
jjwri  twenty  feet  deep.  It  consisted  fiartly  of  ruxus,  but  nirt:>tly  of  tiiiv  baud  h!i<I  du-st 
^^ovn  innoif  tlie  jUub  uid  mixed  witli  dti.-aye<l  ve^tablo  miitti-r.  LKiv:ir<I.  ^  Xi:iC-vc!i 
ud  isi  BoHfaii,'  Sid  edit.  iL  p.  120.    Sei-  also  Kichthoff  yjV  •  (  Linn.'  i.  ]•■  i''. 

*  i<kaimm*§  'Joumer  to  Uohi,  the  capital  of  Khotjin.'  J'oir.t.  fi"-i.  ,<.y.  xxxvii. 
^         '^i  p.  I.    H.  B.  OuppV,  Satun,  xxiv.  (1881)  p.  IJ6. 
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these  charactors,  the  loose  tinites  a  remarkable  peonliaiity  in  respects 
of  its  organio  remains,  which  consist  chiefly  of  land-sheliB,  sometimfiB    - 
in  immense  numbers,  likewise  of  the  bones  of  various  herbivorouB  and  _ 
carnivorous  mammals,  which  are  either  identical  with  or  closely  allied — 
to  living  species  that  abound  on  stepi)e8  and  grassy  plains.    Freshwater-" 
shoUs  are  extremely  rare,  and  marine  forms  do  not  occur.     Loess  ii^ 
found  at  all  elevations,  up  to  6000  feet  among  the  Carpathians,  8000^ 
feet  in  Shansi,  China,  and   probably  to  still  higher  altitudes  furtherr- 
west.     In  hilly  regions  it  fills  up  the  valleys,  shading  off  on  either  sid^^ 
uj)  the  slopes  into  the  angular  debris  of  the  adjoining  rock.    Elsewhere-^ 
it  spreads  over  the  surface  so  as  completely  to  conoeal  the  original  in — 
e<|ualities  of  the  ground.      In  Northern  China,  Eichthofen  found  it  to 
have  a  thickness  of  1500  or  possibly  over  2000  feet,  and  to  be  cut  into 
deep  valleys  and  precipitous  ravines,  with  cliffs  500  feet  high,  which  are 
excavated  into  tiers  of  chambers  and  passages  by  a  teeming  population.' 

Various  theories  have  been  proposed  in  explanation  of  this  singular 
deposit.  By  some  it  has  been  referred  to  the  operation  of  the  sea ;  by 
others  to  the  work  of  lakes  or  of  rivers.  But  ite  wide  extent,  ito 
independence  of  the  altitude  or  contours  of  the  ground,  its  thoroughly 
imiform  and  unstratified  character,  and  tlie  nature  of  its  organic  remains, 
show  that  it  cannot  be  assigned  to  the  action  of  water  in  any  form, 
liichthofcn  proposed  in  1870  what  undoubtedly  is  the  true  solution  of 
the  2)roblem — that  the  loess  is  due  to  the  long-continued  drifting  and 
deposit  of  fine  dust  by  wind  over  areas  more  or  less  covered  with  grassy 
vegetation.  Where  rain  is  distributed  somewhat  equally  throughout  the 
year  little  dust  is  formed ;  but  where  dry  and  wet  seasons  alternate,  as 
in  Central  Asia,  vast  quantities  of  dust  may  bo  moved  during  the  months 
of  dry  weather.  "When  the  dust  falls  on  bare  ground,  it  is  eventually 
swept  away  by  the  wind ;  but  where  it  settles  down  on  ground  covered 
Avith  vegetation  it  is  in  great  measure  protected  from  further  transport, 
and  thus  heightens  the  soil.^ 

For  atmospheric  accumulations  of  this  nature,  Trautschold  has  pro- 
posed the  name  eluvium.  They  originate  in  sUuy  or  at  least  only  by 
wind-drift,  whereas  aUuvium  requires  the  operation  of  water,  and  consiati 
of  materials  brought  from  a  greater  or  less  distance.^  For  wind-formed 
deposits  the  term  "  sdolian  "  is  sometimes  used. 

Sand-hills  or  Dune s. — Winds  blowing  continuously  upon  sand 
drive  it  onward,  and  pile  it  into  irregular  heaps  and  ridges,  called 
**  dunes."  This  takes  place  more  especially  on  mndward  coasts  either 
of  the  sea  or  of  large  inland  lakes,  where  Handy  shores  are  exposed  to  the 
drj'ing  influence  of  solar  heat  and  wind ;  but  similar  effects  may  be  seen 

>  SoG  Richthofou'H  dcscriptiou,  Oed.  Mag.  1882,  p.  203,  and  his  *  China,'  aboTO  cited. 

»  Richthofen.  Geol  Mag.  1882,  p.  297.  For  some  of  the  more  important  contribvtioiM 
to  thiH  Biibjoct,  SCO  Ilichthofen*8  '  China,*  vola.  i.  and  ii. ;  also  Verh,  Geol.  Reichs.  1878, 
p.  289;  E.  Tictze,  Verh.  Geol.  lieichs.  1878,  p.  118;  1881,  p.  37;  /«^r6.  Geo?.  Beieh», 
1881,  p.  80;  1882,  p.  11 ;  1883.  p,  279;  K.  Pumpelly,  Amer.  Journ.  Set.  xvii.  (1879); 
E.  W.  Hilgard,  op.  cit.  xviii.  (1879),  p.  106  (p.  427),  and  ]H>f4ea  Book  VI.  Part  V.  Sect  i 

•  Z.  Deutuch.  Geol.  Ges.  xxxi.  p.  578. 
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even  in  the  he&rt  of  a  continent,  aa  in  the  sandy  desorts  of  the  Sahara, 

Ajttbia,  and  in  the  arid  lands  of  Utah,  Ai-izona,  &o.    The  dunea  travel 

in  paralle],  irregular,  and  often  ooaduent  ridgee,  tlicir  general  direction 

'being  tranBTerae  to  the  prevalent  conreo  of  the  wind.    Local  wiuLl-eddies 

cause  many  irregnlaritiea  of  form.     lu  humid  climates,   raiu-water  or 

t,lie  draiu^e  of  small  brooka  is  aometimoa  arrosted  between  the  ridges 

to  form  pools  (ilangt  of  tho  French  coasts),  where  formations  of  poat 

oooasicnally  tako  place.    On  the  coast  of  Gascony,  the  sea  for  100  uiilex 

IB  so  barred  by  sand-dunea  that  in  all  that  distance  only  two  outleta 

axiBt  for  the  diaohaigo  of  the  drainage  of  the  interior.     As  fast  as  one 

tA^  ia  driven  away  from  a  beach  another  forms  in  its  place,  ao  that  a 

ttries  of  huge  sandy  billows,  as  it  were,  is  continually  on  tho  move  from 

I  the  lea  margin  towards  the  interior.    A  stream  or  rivor  may  temporarily 

I         uceet  their  progress,  but  eventually  they  push  the  obstacle  aside  nr  in 

I  \kbX  of  them.     In  this  way  the  river  Adonr,  on   tho   weat  ciiaat  of 


i^jMn^;^. 


inn  kfTecllDg  lAnd-dnlnn^  (^.). 


^^Wce,  has  had  ite  mouth  shifted  two  or  three  niilos.  Occasionally,  as 
<^t  the  months  of  estuaries,  the  aand  is  blown  across,  so  as  gradually  io 
«olode  tho  sea,  and  thus  to  aid  the  fluviatile  deposits  in  adding  to  the 
'>««dth  of  the  land.  In  Fig.  82  a  stream  (e  e)  ie  represented  as  crossinK 
a  pUin  (a)  at  the  margin  of  the  sea  or  of  a  large  inland  sheet  of  water, 
^Wnded  by  a  range  of  sand-dunes  (&  &)  extending  bctwoon  the  two  linen 
of  oliff  (c  g).  The  stream  has  been  turned  to  its  right  bank  by  the 
"Stmco  of  tho  dunes  driven  by  a  prevalent  wind  blowing  in  the  direction 
"f  the  arrows.  A  brook  (/)  has  been  arrested  among  tlie  sandy  wastes, 
*Woe,  after  forming  a  few  jjoola,  it  finds  ogress  by  soaking  through 
tho  Banily  l>arrier, 

Piirfiict  "  ripple-marks "  may  often  ho  obnervod  on  blown  sand. 
Tto  ttad  grains,  pushe*!  along  by  the  wind,  travel  up  tlie  long  MlojKia  and 
fill  over  the  steep  sIojks.  Kot  only  do  tho  particles  travel,  but  the 
ndgtsateo  more  slowly  follow  each  other,  as  in  Fig.  8;t.' 

'  On  the  oripn  of  ripple-mark,  nx  Rnok  IV.  Part  I.  p.  470. 
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The  western  sea-board  of  Europe,  exposed  to  preTalent  westerly  and  sooth- westec 
winds,  affords  many  instructive  examples  of  these  leolian  or  wind-formed  depositiL  1 
coast  of  Norfolk  is  fringed  with  sand-hUls  fifty  to  sixty  feet  high.  On  parts  of  \ 
coast  of  Cornwall,^  the  sand  consists  mainly  of  fragments  of  shells  and  corallines,  s 
through  the  action  of  rain  upon  these  calcareous  particles,  beocHues  sometimes  oemenl 
by  cAr1>onat«  of  lime  (or  oxide  of  iron)  into  a  stone  so  compact  as  to  be  fit  for  bnildi 
purposes.  Tiong  tracts  of  blown  sand  are  likewise  found  on  the  Scottish  and  Irish  '  eoi 
lines.  San<l-dune8  extend  for  many  leagues  along  the  French  coast,  and  thence, 
Flanders  and  Holland,  round  to  the  shores  of  Gourland  and  Pomerania.  On  the  ca 
of  Holland  they  are  sometimes,  though  rarely,  260  feet  high--a  common  average  heig 
being  50  to  60  feet.* 

The  breadth  of  this  maritime  belt  of  sand  varies  considerably.  On  the  east  coast 
Scotland  it  ranges  from  a  few  yards  to  three  miles ;  on  the  opposite  side  of  the  Nor 
Sea  it  attains  on  the  Dutch  coast  sometimes  to  as  much  as  five  miles.  The  nie 
progress  of  the  dunes  towards  the  interior  depends  upon  the  wind,  the  direction  of  tl 
coast,  and  the  nature  of  the  ground  over  which  they  have  to  move.  On  the  low  si 
exposed  shores  of  the  Bay  of  Biscay,  when  not  fixed  by  vegetation,  they  travel  inlsc 
at  a  rate  of  about  16^  feet  per  annum,  in  Denmark  at  from  3  to  24  feet.  In  the  eoQ 
of  their  march  they  envelope  houses  and  fields ;  even  whole  parishes  and  districts  oq 
populous  have  been  overwhelmed  by  them.* 

Along  the  margins  of  large  lakes  and  inland  seas  many  of  the  phenomena  of  i 
exposed  sea-coast  are  repeated  on  a  scarcely  inferior  scale.    Among  these  m«t 
included  sand-dunes,  such  as  those  which,  reaching  heights  of  100  to  200  feet  od  1 


Fig.  83.— Diagram  of  Uipplcfl  In  blown  Sand.    The  ridges  l»i,"6»,  l>»,  Impelled  in  the  direction  of  W 

Ruocessively  come  to  occupy  the  hollows  a»,  a«,  a»  (M). 

south-eastern  shores  of  Lake  Michigan,  have  entombed  forests,  the  tops  of  the  tT« 
being  still  visible  above  the  drifting  sand.  Large  dunes  occur  also  on  the  esst^ 
borders  of  the  Caspian  Sea,  where  the  sand  spreads  over  the  desert  region  between  *' 
sea  and  the  Sea  of  Aral,  into  which  latter  sheet  of  water  the  spread  of  the  sand  '' 
driven  the  course  of  the  Oxus,  once  a  tributary  of  the  Caspian. 

In  the  interior  of  continents,  the  existence  of  vast  arid  wastes  of  loose  8and,'sitaated  ^ 
inland  and  remote  from  any  sheet  of  fresh  water,  suggests  curious  problems  in  physic 
geography.  In  some  instances,  these  tracts  have  been  at  a  comparatively  recent  geologifli 
period  covered  by  the  sea.  Yet  the  disintegration  of  rock  in  torrid  and  rainless  regiott 
is  so  great  (ante,  p.  304),  that  the  existing  sand  is  doubtless  mainly,  if  not  entirel/fOi 
subaerial  origin.  The  sandy  deserts  of  the  high  plateaux  of  Western  North  AmeriM, 
which  have  never  been  under  the  sea  for  a  long  series  of  geological  ages,  show,  ai «« 
have  already  found  (p.  305),  the  mode  and  progress  of  their  formation  frcnn  atmoqilierif 


>  XJssher,  Geol  Mag.  (2),  vi.  p.  307,  and  authorities  there  cited.  The  upper  {art 
of  the  blown  sand  are  sometimes  crowded  with  land-shells,  the  decay  of  which  ramnhe 
the  cementing  material.    (See  Fig.  68.) 

*  See  Kinahan,  Geol.  Mag.  viii.  p.  155. 

'  On  the  growth  of  Holland  through  the  operation  of  the  wind  and  the  sea,  ae 
£lie  de  Beaumont, '  Lemons  de  G^logio  pratique,'  i.  For  an  account  of  the  sand-dune 
of  Western  Europe,  see  W.  Topley,  Pop.  Science  Rev.  xiv.  (1875).  p.  133. 

*  This  destruction  has  been,  during  the  last  quarter  of  a  century,  averted  to  a  gresi 
extent  by  the  planting  of  pine  forests,  the  turpentine  of  which  has  become  the  sonm 
of  a  large  revenue. 
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clismtegntion  alone.     In  Asia  lio  tho  vast  deserts  of  Gobi,  where  iu  some  places 
^incient  cities  have  been  bnried  nnder  the  sand.^     In  Rajpntana,  wide  tracts  of  sandy 
^ksert  present  a  succession  of  nearly  parallel  ridges  or  waves  of  sand,  varying  up  to 
180  feet  from  trough  to  crest,  and  presenting  long  gentle  slopes  towards  south-west, 
-whence  the  prevalent  winds  blow,  but  with  north-oostcru  fronts  as  steep  as  the  sand 
•«rill  lie.*    To  the  east  of  the  Red  Sea  stretch  tho  great  sancl-wastes  of  Arabia ;  and  to 
'ft.he  west  those  of  Ijibya.    The  sandy  wustcH  of  the  Sahara  have  iu  recent  years  bccu 
partiaUy  explored,  especially  by  French  observers  from  the  Algeriiiu  frontier.    Accord- 
ing to  3L  Rolland,  tho  sand  is  entirely  duo  to  tlie  action  of  tho  wind,  and  though  there 
Is  A  transport  of  sand  and  fine  dust,  the  position  of  the  large  dunes,  sometimes  70  metres 
in  height,  remains  on  the  whole  unchanged.'    In  tlio  south-east  of  p]urope,  over  the 
■teppet  of  southern  Russia  and  tho  adjacent  territories,  wido  areas  of  sandy  desert 
orfQr.    Captain  Sturt  found  vast  deserts  of  sand  in  the  interior  of  Australia,  with 
loug  bands  of  dunes  200  feet  "high,  united  at  tho  base  and  stretching  in  straight  lines 
M  far  as  the  eye  could  reach.* 

Some  of  tho  most  remarkable  (eolian  formations  are  in  course,  of  accumulation  at 
Bermuda  and  other  coral-islands.  The  finer  coral-sand,  with  remains  of  shells, 
eebinoderms,  calcareous  algoi,  and  other  organisms,  is  driven  by  the  wind  into  dunes, 
tlw  nirface  of  which  by  the  action  of  rain-water  soon  becomes  cemente<l  into  coherence, 
vbile  by  degrees  the  whole  mass  of  calcareous  de'bris  is  converted  into  a  hard  compact 
nek  which  rings  under  the  hammer.  Tho  highest  point  of  Bermuda  is  245  feet  above 
tbe  tea,  and  the  whole  land  up  to  that  height  is  composed  of  these  hardened  calcareous 
■olian  deposits.' 

Dust-showors,  Blood-rain. —  Besides  tho  universal  trans- 
port and  deposit  of  dust  and  sand  already  described,  a  phenomenon  of  a 
more  aggravated  nature  is  observed  in  tropical  countries,  where  great 
dwjughts  are  succeeded  by  violent  hurricanes.  The  dust  or  sand  of 
♦Wrtfl  and  of  dried  lakes  or  river-beds  is  then  sometimes  l>ome  away 
into  the  upper  regions  of  the  atmosphere,  where,  meeting  witli  strong 
atrial  currents  wliich  transport  it  for  liundreda  and  even  thousands  of 
Allies,  it  descends  again  to  the  surface,  in  the  form  of  "  red-fog," 
**K'a-duKt,"  or  "  sirocco-dust."  This  transported  material,  usually  of  a 
tek-dust  or  cinnamon  colour,  is  occasionally  so  abundant  as  to  darken 
the  ah-  and  ol>scure  the  sun,  and  to  cover  tho  decks,  sails,  and  rigging  of 
^e«8cls  wliich  may  even  be  hundreds  of  miles  from  land.  Rain  falling 
tkrough  such  a  dust-cloud  mixes  with  it,  and  descends,  either  on  sea  or 
land,  as  what  is  popularly  called  "  blood-rain." 

'  For  important  information  regarding  the  Central  Asiatic  wastes,  see  Richthofen*s 
'Chioa,'  L  Also  Tcliihatchef,  Brit.  Am)r.  1882,  p.  356.  T.  D.  Forsyth,  Journ.  Boy, 
Oton.  Sor,  xlvii.  (Ib78)  p.  1 . 

«  Major  C.  Stmlian  in  *  Report  of  Survey  of  India,'  1882- 8.J. 

>  (i.  Holland,  Bull.  Sf»r.  (itol.  France,  3rd  ser.  x.  p.  30.; 

•  For  accc^uuts  of  sand-dunes,  their  extent,  progress,  structure,  and  tho  moans 
wplnyed  to  arrest  their  progrcs-s.  the  student  may  consult  Andersen's  *  Khtformationcii,' 
ItoI.  8vo.  C<»penhagen,  1861 ;  Lavftl  in  ylium/e^  dei^  Ponta^t'ChaiiMees,  lS^7y  2mo  seiii. 
iUrnh's'Mun  and  XatimV  1864,  and  the  works  citetl  by  liim.     Forohhammer,  A//i/«. 
AV  nU.  Journ.  xxxi.  (1841),  p.  61.    filio  do  Beaumont,  *  Leconn  do  (ieologn-  pratuiur, 
tnL  i.  p.  183.     Winkler.  Omq.  luhrnnt.  (it'ol  1878,  p.  181.     Informotion  rt^frardmg  the 
•n<Uof  tlie  interior  of  continonta  will  l>o  found  in  Palgruve's  »  i  ravels  in  Ambui. 
Bbke,  in  Union  Pacifin  Itaihoad  JO-porU  v.   Tri«tr.im,  *  The  (Jreat  Salmrn,'  18(;0.    Denor, 
••Le  Sahara,  scs  dim'rents  tyiHH  Av.  dc'sertB."   B,dL  >Sf>c.   Sci.  ^«'- ^^^'"/^WW.  1804. 
E-Fncht.  Petermann'i'  Mittheil.  1879.    A.  Pomel.  v1mw>c.  J^ranfai^,  1877.  p.  428.    Richt- 

hofrti's  *  China,' i.  ,      .  ,     ..    ,      ,   • 

*  Selson.  Q,  J.  Geol  Sijc.  ix.  p.  200.     Wy  ville  Thomi^on  s  » Atlantic,  vol.  i. 
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This  ii)  frequent  od  the  north-west  of  Africa,  about  the  Gape  Verd  Islands,  in  t 
Mediterranean,  and  over  the  bordering  countries.  A  ndcrosooplc  eTamination  of  tl 
dust  by  Ehrenberg  led  him  to  Uie  belief  that  it  contains  nnmerons  diatomB  of  Son 
American  species;  and  he  inferred  that  a  dust-cloud  must  be  swimming  in  t 
atmosphere,  carried  forward  by  continuous  currents  of  air  in  the  region  of  the  tmi 
winds  and  anti-trades,  but  suffering  partial  and  periodical  deviations.  Bat  much 
the  dust  seems  to  come  from  the  sandy  plains  and  desiccated  pools  of  the  north 
Africa.  Daubreo  recognised  in  1865  some  of  the  Sahara  sand  which  fell  in  the  CSona 
Islands.  On  the  coast  of  Italy,  a  film  of  sandy  clay,  identical  with  that  from  parts 
the  Libyan  desert,  is  cct^asionally  found  on  windows  after  rain.  In  the  middle  of  li 
century  an  area  of  Northern  Italy,  estimated  at  about  200  square  leagues,  was  oorer 
with  a  layer  of  dust  which  in  some  places  reached  a  depth  of  one  inch.  In  1946 1 
Sahara  dust  reached  Lyons,  and  it  is  said  to  have  beensiope  detected  as  far  as  Bonlogr 
sur-Mer.  Should  the  travelling  dust  encounter  a  cooler  temperature,  it  may  be  broug 
to  the  ground  by  snow,  as  has  happened  in  the  north  of  Italy,  and  more  notably  in  tl 
cast  and  south-east  of  Russia,  where  the  snows  are  sometimes  rendered  dirty  by  tl 
dust  raised  by  winds  on  the  Caspian  steppes.  It  is  easy  to  see  how  widespta 
deposits  of  diiut  may  arisis  mingled  with  the  soil  of  the  land,  and  with  the  silt  and  sai 
of  lakes,  rivers,  and  the  sea ;  and  that  the  minuter  organisms  of  tropical  regions  mi 
thus  come  to  be  preserved  in  the  same  formations  with  the  terrestrial  or  marine  oiganiao 
of  temperate  latitudes.* 

The  transport  of  volcanic  dust  by  wind,  already  (p.  202)  referred  to,  may  be  agai 
cited  here,  as  another  example  of  the  geological  work  of  the  atmosphere.  Thos,  fin 
the  Icelandic  eruptions  of  1874-75,  vast  showers  of  fine  ashes  not  only  fell  on  loelai 
to  a  depth  of  six  inches,  destroying  the  pastures,  but  wore  borne  over  the  sea  u 
across  Scandinavia  to  the  east  coast  of  Sweden.'  The  remarkable  sunsets  of  £un>~ 
during  the  winter  and  spring  of  1883-84  are  ascribed  to  the  diffusion  of  the  fi- 
dust  from  the  great  Krakatau  eruption  of  August  1883  (p.  198).  Considerable  depoa 
of  volcanic  material  may  in  the  course  of  time  be  formed  even  far  remote  frum  i^ 
active  volcano. 

Transportation  of  Seeds. — Besides  the  transport  of  dir 
and  minute  organisms  for  distances  of  many  thousands  of  miles,  wi. 
may  also  transport  living  seeds,  which,  finally  reaching  a  cougem. 
climate  and  soil,  may  take  root  and  spread.  We  are  yet,  however,  v^ 
ignorant  as  to  the  extent  to  which  this  cause  has  actually  operatecl. 
the  establishment  of  any  given  local  flora.  With  regard  to  the  miai: 
forms  of  vegetable  life,  indeed,  there  can  be  no  doubt  as  to  the  effica< 
of  the  wind  to  transi)ort  them  across  vast  distances  on  the  surface  of  tJ 
globe.  Upwards  of  300  species  of  diatoms  have  been  found  in  Hi 
deposits  left  by  dust-showers.  Among  the  millions  of  organisms  thui 
transported  it  is  hardly  conceivable  that  some  should  not  fall  into  a 
fitting  locality  for  their  continued  existence  and  the  perpetuation  ol 
their  Npecios.  Animal  forms  of  life  are  likewise  diffused  through  the 
agency  of  winds.  Insects  and  birds  are  often  met  with  at  sea,  many 
miles  distant  from  the  land  from  which  they  have  been  blown.  Such 
organisms  are  in  this  way  introduced  into  oceanic  islands,  as  is  well 

*  See  Humboldt  on  dust  whiriwinds  of  Orinoco, « Aspects  of  Nature ;  *  also  Msmy* 
♦Pliys.  Geog.  of  Sea,*  chap.  vi. ;  Ehrenberg's  *  Passat-Staub  und  Blut-Regen/  i?<^'» 
Ahul.  1847.  A.  von  Lasaulx  on  so-called  "  cosmic  dust,"  Tschermak's  Mineral  Miithtu- 
1880,  p.  517. 

-  X(»nlen«kiuld,  Oeol.  Mag.  (2),  iii.  p.  292.  F.  Zirkel,  Nems  Jahr^K  1879,  P-  3^' 
(t.  vum  Itath,  iUid.  p.  5(HJ. 
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Bbown  in  the  case  of  Bermuda.  Hurricanes,  by  which  large  quantities 
of  water  are  sucked  up  from  lakes  and  rivers  over  which  they  pass,  may 
also  transport  part  of  the  fauna  of  these  waters  to  other  localities. 

Efflorescence  product  s. — Among  the  formations  due  in  large 
measure  to  atmospheric  action  must  be  included  the  saline  efflorescences 
"which  form  upon  the  ground  in  the  dry  interior  basins  of  continents. 
T!he  steppes  of  Southern  Eussia,  and  the  plains  round  the  Great  Salt 
Xake  of  Utah,  may  be  taken  as  illustrative  examples.     Water,  rising  by 
Oipillary  attraction  through  the  soil  to  the  surface,  is  there  evaporated, 
leaving  behind  a  white  crust,  by  which  the  upper  portion  of  the  soil  is 
covered  and  permeated.     The  incrustations  consist  of  sodium-chloride, 
sodium-    and   calcium-carbonates,    calcium-,    sodium-,   and  potassium- 
sulphates  in  varioiis  proportions,  these  being  the  salts  present  also  in 
tlie  salt  lakes  of  the  same  regions  (p.  380).^ 

§  2.    Influence  of  the  Air  on  Water. 

The  results  of  the  action  of  the  air  upon  water  will  be  more  fitly 
JWticed  in  the  section  devoted  to  Water.  It  will  be  enough  to  notice 
here— 

1.  Ocean   currents. — These  are  mainly  dependent  for  their 

existence  and  direction  on  the  circulation  of  the  atmosphere.     The 

iii-^reaming  of  air  from  cooler  latitudes  towards  the  equator  causes  a 

drift  of  the  sea-water  in  the  same  direction.    As,  owing  to  the  rotation 

of  the  earth,  these  aerial  currents  tend   to  take  a  more  and  more 

''^erterly  trend  in  approaching  the  equator,  they  communicate   this 

trend  to  the  marine  currents,  which,  likewise  moving  into  regions  with 

^  greater  velocity  of  rotation  than  their  own,  are  all  the  more  impelled 

*^  the   same  westerly   direction.      Hence    the    dominant    equatorial 

^STirreiit,  which  flows  westward  across  the  groat  ocean.     Owing,  how- 

^^er,  to  the  position  of  the  continents  across  its  path,  this  great  current 

^^*wiot  move  uninterruptedly  round  the  earth.     It  is  split  into  branches 

'^hich  turn  to  right  and  left,  and,  bathing  the  shores  of  the  land,  carry 

*ome  of  the   warmth   of  the   tropica   into  more   temperate   latitudes. 

«etnm  currents  are  thus  generated  from  cooler  latitudes  towards  the 

equator  (p.  404). 

2.  Waves. — The  impulse  of  the  wind  upon  a  surface  of  water 

"^W8  that  surface   into  pulsations  which  range  in  size  from  mere 

'ipples  to  huge  billows.     Long-continued  gales  from  the  seaward  upon 

^^  exposed  coast  indirectly  effect  much  destruction,  by  the  formidable 

»*ttery  of  billows  which  they  bring  to  bear  upon  the  land  (p.  412). 

Wave-action  is  likewise  seen  in  a  marked  manner  when  wind  blows 

*tTongly  across  a  broad  inland  sheet  of  water,  such  as  Lake  Superior 

^m      (p.  379). 

^p\  »A.  •fflweeoence  of  Great  Salt  Lako  region,  see  Exploration  of  ^Oth  Parallel,  i. 
ISn''  ^^^"^t'i'lao  E.  Tietze,  " Entstehung der  Salzsteppon,"  Jahrh.  Geol.  Ikichmmi. 
p.it'^  H.  le  Chatelier  on  the    aalt-cniBta  of    Algeria,   Compies    Bend,   Ixxxiv. 
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3.  Alteration  of  the  Water-level. — When  the  wind  blowg 
freshly  for  a  time  across  a  limited  area  of  water,  it  drives  the  water* 
before  it,  which  is  thus  kept  temporarily  at  a  higher  level,  at  the 
further  or  windward  side.     In  a  tidal  sea,  such  as  that  which  surronnds 
Great  Britain,  and  which  sends  abundant  long  arms  into  the  land,  il 
high  tide  and  a  gale  are  sometimes  synchronous.     This  conjunction 
causes  the  high  tide  to  rise  to  a  greater  height  than  elsewhere  in  those 
bays  or  firths  which  look  windward.     With  this  conjunction  of  wind 
and  tide,  considerable  damage  to  property  has  sometimes  been  done  by 
the  flooding  of  warehouses  and  stores,  while  even  a  sensible  destruction 
of  cliffs  and  sweeping  away  of  loose  materials  may  be  chronicled  by  the 
geologist.     On  the    other    hand,   a  wind   from  the  opposite   quarter 
coincident  with  an  ebb  tide,  by  driving  the  water  out  of  the  inlet,  makes 
the  water-level  lower  than  it  should  otherwise  be.     But  even  in  inland 
seas,  where  tides  are  small  or  imperceptible,  considerable  oscillations  of 
water-level  may  arise  from  the  action  of  the  wind.     At  Naples,  for 
example,   a  long-continued  south-west  wind   raises  the  level  of  the 
water  several  inches.      Similar  results  attend  prolonged  gales  along 
the  length  of  large  fresh-water  lakes. 

Section  ii.    Water. 

Of  all  the  terrostiial  agents  by  which  the  surface  of  the  earth  is 
geologically  modified,  by  far  the  most  important  is  water.  We  have 
already  seen,  when  following  hypogene  changes,  how  large  a  share  is 
taken  by  water  in  the  phenomena  of  volcanoes  and  in  other  subter- 
ranean processes.  Kctnming  to  the  surface  of  the  earth  and  watching 
the  operations  of  the  atmosphere,  wo  soon  learn  how  important  a  part 
of  these  is  sustained  by  the  aqueous  vapour  by  which  the  atmosphere  is 
pervaded. 

The  substance  which  wo  term  water  exists  on  the  earth  in  three 
well-known  forms — (1)  gaseous,  as  invisible  vapour ;  (2)  liquid,  as  water ; 
and  (3)  solid,  as  ice.  The  gaseous  form  has  already  been  noticed  as 
one  of  the  characteristic  ingredients  of  the  atmosphere  (p.  31).  Vast 
quantities  of  vapour  are  continually  rising  from  the  surface  of  the  seas, 
rivers,  lakes,  snow-fields,  and  glaciers  of  the  world.  This  vapour 
remains  invisible  until  the  air  containing  it  is  cooled  down  below  its 
dew-point,  or  point  of  saturation, — a  result  which  follows  upon  the 
union  or  collision  of  two  aerial  currents  of  different  temperatures,  or  the 
rise  of  the  air  into  the  upper  cold  regions  of  the  atmosphere,  where  it  is 
chilled  by  expansion,  by  radiation,  or  by  contact  with  cold  mountains. 
According  to  recent  researches,  condensation  appears  only  to  take  plaoe 
on  free  surfaces,  and  the  formation  of  cloud  and  mist  is  explained  by 
condensation  upon  the  fine  microscopic  dust  of  which  the  atmosphere  is 
full.^  At  first  minute  particles  of  water- vapour  appear,  which  either 
remain  in  the  liquid  condition,  or,  if  the  temperature  is  sufficiently  low, 

*  Goulier  and  Masoart,  NaturfarscheTf  1875,  p.  400.  Aitken,  Proc.  Boy,  Soc  Edin. 
December  1880. 
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are  fix)zen  into  ice.  As  these  changes  take  place  over  considerable 
spaoes  of  the  sky,  they  give  rise  to  the  phenomena  of  clouds.  Further 
condensation  augments  the  size  of  the  cloud-particles,  and  at  last  they 
fidl  to  the  surface  of  the  earth,  if  still  liquid,  as  rain  ;  if  solid,  as  snow 
or  hail ;  and  if  partly  solid  and  partly  liquid,  as  sleet.  As  the  vapour 
ia  largely  raised  from  the  ocean-surface,  so  in  groat  measiuo  it  falls  back 
again  directly  into  the  ocean.  A  considerable  proportion,  however, 
descends  upon  the  land,  and  it  is  this  part  of  the  condensed  vapour 
which  we  have  now  to  follow.  Upon  the  higher  elevations  it  falls  as 
mow,  and  gathers  there  into  snow- fields,  which,  by  means  of  glaciers, 
send  their  drainage  towards  the  valleys  and  plains.  Elsewhere  it  falls 
chiefly  as  rain,  some  of  which  sinks  underground  to  gush  forth  again  in 
■prings,  while  the  rest  pours  down  the  slopes  of  the  land,  feeding 
hrooks  and  torrents,  which,  swollen  further  by  springs,  gather  into 
hroader  and  yet  broader  rivers,  whereby  the  accumulated  drainage  of 
the  land  is  carried  out  to  sea.  Thence  once  more  the  vapour  rises,  to 
reappear  in  clouds  and  rain  and  to  feed  the  innumerable  water-channels 
hy  which  the  land  is  furrowed  from  mountain-top  to  sea-shore. 

In  this  vast  system  of  circulation,  ceaselessly  renewed,  there  is  not  a 

^p  of  water  that  is  not  busy  with  its  allotted  task  of  changing  the  face 

of  the  earth.     When  the  vapour  ascends  into  the  air,  it  is  comparatively 

®P©aking  chemically  pure.      But  when,  after    being  condensed  into 

Jiaible  form,  and  working  its  way  over  or  under  the  surface  of  the  land, 

It  once  more  enters  the  sea,  it  is  no  longer  pure,  but  more  or  less  loaded 

^th  material  taken  by  it  out  of  the  air,  rocks,  or  soils  through  which 

^t  has  travelled.     Day  by  day  the  process  is  advancing.     So  far  as  we 

^^  tell,  it  has  never  ceased  since  the  first  shower  of  rain  fell  upon  the 

^'th.    We   may  well  believe,  therefore,   that   it  must  have  worked 

'^ftrvels  upon  the  surface  of  our  planet  in  past  time,  and  that  it  may 

^^t  vast  transformations  in  the  future.     As  a  foundation  for  such  a 

**'*©£  let  us  now  inquire  what  it  can  be  proved  to  be  doing  at  tho 

P^^^eent  time. 

§  1.  Kain. 

^ain  effects  two  kinds  of  changes  upon  the  surface  of  the  land. 
^'J  It  acts  chemically  upon  soils  and  stones,  and,  sinking  under 
^^nd,  continues,  as  we  shall  find,  a  great  scries  of  similar  reactions 
^^^^  (2.)  It  acts  mechanically y  by  washing  away  loose  materials,  and 
^^^^  powerfully  affecting  the  contours  of  the  land. 

X .  Chemical  Action. — This  depends  mainly  upon  tho  nature  and 
P'^j^ortion  of  the  substances  abstracted  by  rain  from  the  air  in  its 
**®^oent  to  tho  earth.  Eain  absorbs  a  little  air,  which  always  contains 
^^■^>onic  acid  as  well  as  other  ingredients,  in  addition  to  its  nitrogen 
Mi^  oxygen  (p.  31).  Kain  thus  washes  the  air  and  takes  impurities 
^^^    of  it,  by  means  of  which   it  is  enabled   to  work  many  chemical 

ch^tiges  that  it  could  not  accomplish  were  it  to  reach  the  ground  as  pure 

^«^ter. 
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Composition  of  Bain-water. — Numerous  analyses  of  rain- 
water show  that  it  contains  in  solution  about  25  cubic  centimetres  oi 
gases  jKjr  litre. ^  An  average  proportional  percentage  is  by  measure — 
nitrogen,  64*47  :  oxygen,  33*76;  carbonic  acid,  1*77.  Oarbonio  add, 
being  more  soluble  than  the  other  gases,  is  contained  in  rain-water  in 
proportions  between  30  and  40  times  greater  than  in  the  atmosphere. 
Oxygen  too  is  more  soluble  than  nitrogen.  This  difference  acquirec 
a  considerable  importance  in  the  chemical  operations  of  rain.  Oihez 
substances  are  present  in  smaller  (quantities.  In  England  there  is  an 
average  of  3  •  95  parts  of  solid  impurity  in  100,000  parts  of  rain.*  Nitric 
acid  sometimes  occurs  in  marked  pro]>ortioDs :  at  Bale  it  was  found  to 
reach  a  maximum  of  13*6  parts  in  a  million,  with  20  *  1  parts  of  nitrate  ol 
ammonia.  Sulphuric  acid  likewise  occurs,  especially  in  the  rain  of  towns 
and  manufacturing  districts.'  Sulphates  of  the  alkalies  and  alkaline 
earths  have  been  detected  in  rain.  But  the  most  abundant  salt  ifl 
chloride  of  sodium,  wliich  appears  in  marked  proportions  on  coasts,  as 
well  as  in  the  rain  of  towns  and  industrial  districts.  Bain  taken  at  the 
Iiand's  End  in  Cornwall  during  a  strong  south-west  wind  was  found  to 
contain  2  •  180  of  chlorine,  or  3  •  591  parts  of  common  salt,  in  every  10,000 
of  rain.  The  mean  proportion  of  chlorine  over  England  is  about  0*022 
in  every  10,000  parts  of  rain;  at  Ootacamund  0*003  to  0'004.* 

In  washing  the  air,  rain  carries  down  also  inorganic  partioIeB  oi 
motes  floating  there ;  likewise  organic  dust  and  living  germs.^  As  the 
result  of  this  process  the  soil  comes  to  be  not  merely  watered  bui 
fertilized  by  the  rain.  Angus  Smith  cites  the  experience  of  J.  J. 
Pierre,  who  found  by  analysis  that  in  the  neighbourhood  of  Caen, 
in  France,  a  hectare  of  land  receives  annually  from  the  atmosphere  by 
means  of  rain :  * — 

Chloride  of  sodium 37-5  kilogrammes. 

„  potassium 8*2  „ 

„  magnesium 2*5  „ 

„  calcium 1*8  „ 


*  Baumert,  Ann.  Chem.  Pharm.  Ixxxviii.  p.  17.  The  proi)ortion  of  carbonic  ooid  found 
by  Peligot  was  2*4.  Sec  also  Bunsen,  op.  cit.  xciii.  p.  20.  Roth,  *  Chem.  QooL*  I.  p.  44, 
Angus  Smith,  *  Air  and  Kain/  1872,  p.  225. 

*  Riven  Pollution  (hmmissioUf  6tn  Rep.  p.  29. 

'  The  occurrence  of  sulphuric  and  nitric  acids  in  the  air,  especially  noticeable  In 
large  towns,  leads  to  considerable  corrosion  of  metallic  surfaces,  as  well  as  of  atonet  mod 
lime.  The  mortar  of  walls  may  often  be  obseryed  to  be  slowly  swelling  out  and  dropping 
off,  owing  to  the  conversion  of  the  lime  into  sulphate.  Great  injiury  is  likewise  dooe 
from  a  similar  cause  to  marble  monuments  in  exposed  graveyards.  See  Angus  Smith, 
•  Air  and  Rain,'  p.  444.    Goikic,  Pror..  Roy.  Soc.  Kdin.  1879-80,  p.  518. 

*  Angus  Smith,  *  Air  and  Rain.'  lUven  Pollution  Commission,  Gth  Rep.  1874,  p.  425. 
During  a  westerly  gale  on  the  Atlantic  coasts  of  Britain,  when  the  sea  is  white  with 
foam,  the  air,  elsewhere  clear,  may  be  seen  to  be  quite  misty  along  shore  from  the 
clouds  of  fine  spray  swept  by  the  wind  from  the  crests  of  the  breakers.  This  salt  water- 
dust  is  carried  far  inland. 

*  Among  the  inorganic  contents  of  rain  and  snow,  fine  terrestrial  dust  and  spherules  of 
iron,  probably  in  part  of  cosmic  origin,  have  been  npecially  noted.  See  authorities  cited 
ant^f  p.  05 ;  A.  von  Lasaidx,  as  cited  on  p.  812.  The  organic  matter  of  rain  is  roveoled  by 
the  putrid  smell  which  long-kept  rain-water  gives  out. 

*  Angus  Smitli,  •  Air  and  Rain,'  p.  233. 
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Sulphate  of  sods 8*4  kilogrammes. 

H  ixjtash 8*0  „ 

„  lime C*2  „ 

„  magnesia 5*9  „ 

Not  only  rain,  but  also  dew  and  hoar-frost  abstract  impurities  froii^ 
the  atmosphere.  The  analyses  performed  by  the  Rivers  Pollution 
CommisBion  show  that  dew  and  hoar-frost,  condensing  from  the  lower 
and  more  impure  layers  of  the  air,  are  even  more  contaminated  than 
rain,  as  they  contain  on  an  average  in  England  4*87  parts  of  solid 
impurity  in  100,000  parts,  with  0  •  198  of  ammonia.^ 

It  is  manifest  that  rain  reaches  the  surface  by  no  means  chemi- 
cally ptire  water,  but  having  absorbed  from  the  air  various  ingredients 
which  enable  it  to  accomplish  a  series  of  chemical  changes  in  rocks 
and  soils.  So  far  as  we  know  at  present,  the  three  ingredients  which 
are  chiefly  effective  in  these  operations  are  oxygen,  carl)onic  acid,  and 
organic  matter.  As  soon  as  it  touches  the  earth,  however,  rain-water 
begins  to  absorb  additional  impurities,  notably  increasing  its  propor- 
tion of  carbonic  acid  and  of  organic  matter,  from  decomposing  animals 
and  pknts.  Among  the  organic  products  most  efficaceous  in  promoting 
the  corrosion  of  minerals  and  rocks  are  the  so-called  ulmic  or  humous 
anhstances  that  form  with  alkalies  and  alkaline  earths  soluble  com- 
pconds,  which  are  eventually  converted  into  carbonates.^  Hence  as 
nin-water,  already  armed  with  gases  absorbed  from  the  atmosphere, 
proceeds  to  take  up  these  organic  acids  from  the  soil,  it  is  endowed 
^th  considerable  chemical  activity  even  at  the  very  beginning  of  its 
geological  career. 

Chemical  and  mineralogical  changes  due  to  rain- 
water.— In  previous  pages,  it  was  pointed  out  that  all  rocks  and 
niinerals  are,  in  varying  degrees,  porous  and  permeable  by  water,  that 
probably  no  known  substance  can,  under  all  conditions,  resist  solution  in 
]'^ter,  and  that  the  subsequent  solvent  power  of  water  is  greatly 
increased  by  the  solutions  which  it  effects  and  carries  with  it  in  its 
progress  through  rocks  (pp.  282,  286).  The  chemical  work  done  by 
JTiin  may  be  conveniently  considered  under  the  five  heads  of  Oxidation, 
Oxidation,  Solution,  Formation  of  Carbonates,  and  Hydration. 

1.  Oxidation. — The  prominence  of  oxygen  in  rain-water,  and  its 
^dineas  to  unite  with  any  substance  tliat  can  contain  more  of  it, 
'^der  oxidation  a  marked  feature  of  the  jiassage  of  rain  over  rocks. 
^  thin  oxidized  i)ellicle  is  formed  on  the  surface,  and  tliis,  if  not  at  once 
^^W  off,  is  thickened  from  inside  until  a  crust  is  formed  over  the 
Btone,  while  at  the  same  time  the  common  dark  green  or  black  colour  of 
*^c  original  rock  changes  into  a  yellowish,  bro\viri8h  or  reddish  hue. 
^^  process  is  simply  a  rusting  of  those  ingredients  which,  like  metallic 

*  fitrwj  PoUiUion  Commwionj  Gtli  liop.  p.  Ji2. 
Senft,  Z.  l)cut«f'h.  (ii'ol.  Gfi*.  xxiii.  p.  065,  xxvi.  p.  951.     Thin  Bubjuct  has  Jxkjii 
*«ltreatc.l  in  a  piiper  by  A.  A.  Julicu  '♦  On  the  CJcoloj^ioal  Action  oftho  Humous  Acidb  " 
^'^'^.  Amer,  Auoc.  zxviii.  1879,  p.  Hll),  to  which  further  reforonco  is  made  in  later 
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iron,  have  no  oxygen,  or  have  not  their  full  complement  of  it,  Thi 
ferrous  and  manganous  oxides  so  frequently  found  as  constituents  oi 
minerals  are  specially  liable  to  this  change.  In  hornblende  and  angite 
for  example,  one  cause  of  weathering  is  the  absorption  of  oxygen  by  thi 
iron  and  the  hydration  of  the  resultant  peroxide.  Hence  the  yellow 
and  brown  sand  into  which  rocks  abounding  in  these  minerals  are  api 
to  weather.  Sulphides  of  the  metals  give  rise  to  sulphates,  and  some- 
times to  the  liberation  of  free  sulphuric  acid.  Iron  disulphide,  foi 
example,  becomes  copperas,  which  on  oxidation  of  the  iron,  gives  i 
precipitate  of  limonite,  with  the  escape  of  free  sulphuric  acid. 

2.  Deoxidation. — Rain  becomes  a  reducing  agent  by  absorbing  iron: 
the  atmosphere  and  soil  organic  matter  which,  having  an  affinity  foi 
oxygen,  decomposes  peroxides  and  reduces  them  to  protoxides.  Thii 
change  is  especially  noticeable  among  iron-oxides,  as  in  the  familia] 
white  spots  and  veinings  so  common  among  red  sandstones.  Thesi 
rocks  are  stained  red  by  ferric  oxide  (hematite),  which,  reduced  bj 
decaying  organic  matter  to  ferrous  oxide,  is  usually  removed  in  solutioi 
us  an  organic  salt  or  carbonate.  When  the  deoxidation  takes  plaa 
round  a  fragment  of  plant  or  animal,  it  usually  extenda  as  a  circulai 
spot ;  where  water  containing  the  organic  matter  permeates  along  f 
joint  or  other  divisional  plane,  the  decoloration  follows  that  line 
Another  common  effect  of  the  presence  of  organic  matter  is  th< 
reduction  of  sulphates  to  the  state  of  sulphides.  Gypsum  is  thus  deoom 
posed  into  sulphide  of  calcium,  which  in  water  readily  gives  calcian 
carbonate  and  sulphuretted  hydrogen,  and  the  latter  by  oxidation  leavei 
a  deposit  of  sulphur.  Hence  from  original  beds  of  gypsum,  layers  o: 
limestone  and  sulphur  have  been  formed,  as  in  Sicily  and  elsewhen 
(p.C4).i 

3.  Solution. — A  few  minerals  (halite,  for  example)  are  readily  solubL 
iu  water  without  chemical  change,  and  without  the  aid  of  any  inter 
mediate  element ;  hence  the  copious  brine-springs  of  salt  regions.  L 
the  great  majority  of  cases,  however,  the  solution  is  effected  through  th< 
medium  of  carbonic  acid  or  other  re-agent.  Limestone  is  soluble  i^ 
tlie  extent  of  about  1  part  in  1000  of  water  saturated  with  carbonic  acid 
The  solution  and  removal  of  lime  from  the  mortar  of  a  bridge  or  vault 
and  the  deposit  of  the  material  so  removed  in  stalactites  and  stalagmite 
(p.  340),  likewise  the  rapid  effacement  of  marble  epitaphs  in  our  church 
yards,  are  instances  of  this  solution.  It  has  been  shown  that  ii 
the  atmosphere  of  a  large  town,  with  abundant  coal-smoke  and  rain 
exposed  insciiptions  on  marble  become  illegible  in  half  a  century.  Pfai 
determined  that  a  slab  of  Solenhofen  limestone,  2520  square  millimetrei 
in  superficies,  lost  in  two  years,  by  the  solvent  action  of  rain,  0'18( 
gramme  in  weight,  in  three  years  0'548,  the  original  polish  bein{ 
replaced  by  a  dull  earthy  surface  on  which  fine  cracks  and  inoipien 
exfoliation  began  to  appear.  Taking  the  specific  gravity  of  the  stone  a* 
2  *  6,  the  yearly  loss  of  surface  amounts  to  y^.^  millimetre,  so  that  a  ora£ 

^  The  reducing  action  of  organic  acids  is  further  described  in  Section  iii. 
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of  nioh  limestone  would  be  lowered  1  metro  in  72,800  years  by  the 
solvent  action  of  rain.^  Dolomite  is  much  more  feebly  soluble  than 
limestone.  As  rain-water  attacks  the  carbonate  of  lime  more  readily 
than  the  carbonate  of  magnesia,  the  rock  is  apt  to  acquire  a  somewhat 
poroQB  or  carious  texture,  with  a  corresponding  increase  in  the  pro- 
portion of  its  magnesian  carbonate.  Eventually  the  latter  carbonate  is 
dinolred  and  redeposited  in  the  f>ores  of  the  rock,  which  then  assumes 
a  diaracteristic  crystalline  aspect.  Among  the  sulphates,  gypsum  is  the 
moat  important  example  of  solution.  It  is  dissolved  in  the  proportion  of 
ahoat  1  part  in  400  parts  of  water. 

4.  Formaiion  of  Carbonates, — Silicates  of  lime,  potash,  and  soda,  with 
the  ferrous  and  manganous  silicates  which  exist  so  abundantly  in  rocks, 
are  attacked  by  rain-water  containing  carbonic  acid,  with  the  formation 
of  carbonates  of  these  bases  and  the  liberation  of  silica.  The  felspars 
are  thus  decomposed.  Their  crystals  lose  their  lustre  and  colour,  be- 
ooming  dull  and  earthy  on  the  outside,  and  the  change  advances  inwards 
until  the  whole  substance  is  converted  into  a  soft  pulverulent  clay.  In 
this  decomposition  the  whole  of  the  alkali,  together  with  about  two- 
thirds  of  the  silica,  is  removed,  leaving  a  hydrous  aluminous  silicate  or 
holin  behind.  But  the  rapidity  and  completeness  of  the  process  vary 
greatly,  especially  in  proportion  to  the  abundance  of  carbonic  acid, 
^liere  it  advances  with  sufficient  slowness,  most  of  the  silica,  after  the 
ahstraction  of  the  alkali,  may  be  left  behind.  In  the  case  of  magnesian 
luinerals  (augite,  hornblende,  olivine,  &c.)  the  silicates  of  magnesia  and 
alumina,  being  less  soluble,  may  remain  as  a  dark  brown  or  yellow  clay, 
coloured  by  the  oxidation  of  the  iron,  while  the  lime  and  alkalies  are 
removed.*  Evidence  of  the  progress  of  these  changes  may  bo  obtained 
^▼en  for  some  distance  from  the  surface  in  many  massive  rocks.  Diabase, 
^salt,  dioritc,  and  other  crystalline  rocks,  which  may  appear  to  be  quite 
fr^,  will  often  reveal,  by  the  effervescence  produced  when  acid  is 
^^pod  on  their  newly  broken  and  seemingly  undccomposed  surfaces, 
^t  their  silicates  have  been  attacked  by  meteoric  water  and  have  been 
partially  converted  into  carbonates. 

5.  Hydration, — Some  anhydrous  minerals,  when  exposed  to  the  action 
^^  the  atmosphere,  absorb  water  (become  hydrous),  and  may  then  bo 
'^ore  prone  to  further  change.  Anhydrite  becomes,  by  addition  of  water, 
8yp8Um,  the  change  being  accompanied  by  an  increase  of  bulk  to  the 
^3ttent  of  about  33  ^wr  cent.  Local  uplifts  of  the  ground  and  crumpling 
^'  fracture  of  rocks  may  sometimes  be  caused  by  the  hydration  of 
•^l>torranean  beds  of  anhydrite.  Many  substances  on  oxidizing  likewise 
"^me  hydrous.  Tlie  oxidation  of  ferrous  oxide  in  damp  air  gives  rise 
^  hydrous  ferric  oxide,  with  its  characteristic  yellow  and  bro^vn  colours 
^^  ^(»thered  surfaces. 

Weathering. — This   term   expresses   the   general   result  of    all 

^.'  ^1L,Z.DeiUack,  Qvol.  Gti.  xxiv.  p.  405;  and  *  Allgemciuo  Geologio  als  exaote 
^''••eittchaft,'  p.  817.  Roth.  *  Allgemeine  und  Chcm.  Geo!.'  i.  p.  70.  Geikie,  Proc.  Boy. 
**•  %».  X  1879-80,  p.  518.  •  Roth,  op.  cit,  i.  p.  112. 
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kinds  of   motooric  iictioii  upon  tho  superficial    parte   of  rocks.    Ab 
thoHO  chnngoR  almost  iiivftriftlily  lead   to  dieintogration  of  the  mrfaoo, 

tho    word    wcathcrin;;    has   como   to   be   naturally  associated    in  tiic 
inind    witli    n    lousoiiod    (;niiuljling    condition    of    stono.      But    tho 
influcnco  of  tho  iitniosplioric  ngcuts  is  not  inyariably  to  destroy  the 
coherence  of  the  integral    particlee  uf  rocks.     In   some  caeca,  atouos 
harden   on    exposure.      Certniu    sandy    rocks,   for    oxamplo,    like  the 
"  grey   weathers"    and    scattered    Tertiary  blocks    in   tho    Ardennes, 
become   under  meteoric   influence   a  kind   of  lustrous  quartzite.     Id  , 
other   cases,  there  may  bo   more   complex   molecular  rearrangements^ 
Buch  tiH  those  rcmarkabio  transformations  to  which  Brewstor  first  callc^^ 
attention   in   the  cnso  of  artiScial  gloss.  ^     Ho  allowed   that  in  thi^^ 
(Hum  of  decomposed  gla:)s,  obtained  from  Kineveh  and   other  anciei^^ 
sites,  concentric  agatc-likc  rings  of  devitrification  arc  formed  rour^^ 


isolated  points,  closely  analogous  to  those  aboTO  described  ** 
arlilically  protlucod  by  tho  action  of  heated  alkaline  waters  (p.  285), 
and  that  groups  of  crj-stals  or  crj'stallitcs,  "  probably  of  nlcx,"  «• 
developed  from  many  independent  points  in  the  decomposing  layer. 
Colonrod  films  indicative  of  incipient  decomposition  have  been  obeervod 
(III  Hurfaees  of  glass  exposed  only  to  tho  air  of  the  ntmoBplLen 
fur  twenty  or  thirty  years.  Brilliantly  iridescent  films  have  been 
pr'-luctnl  on  tho  glass  of  windows  exposed  for  not  more  than  tireatf 
yiara  to  tho  air  and  ammoniacnl  viipoiirs  of  a  stable.^  That 
similar  transfonnatinnH  take  plaiX)  in   tho  natural  dlicatoa  of  rockn 

'   Tmnt.  Hog.  Boe.  EMh.  x^L  OUT:  xxUL  1U8.    Hce  (tn(e.  p.  2S5. 
'  ThJB  liiat   lina  Ixsn  ofawmd  by   1117  ftiond  Ur.  F.  I}Qd|te<ni,  or  Carson,  ia  u 
ill-Tintitntcd  cow-Loiua,  aid  I  have    mmo  Uw  ^atea  of  glMi  imuned  fhm  the 
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seoms  in  tho  highest  degree  probable.  They  may  form  the  earliest 
«tagefl  of  the  change  to  the  nsnal  opaque  earthy  decomposing  crust,  in 
■which,  of  course,  all  trace  of  any  structure  developed  in  the  preliminary 
-weathering  is  lost.^ 

In  humid  and  temperate  climates,  weathering  is  mainly  due  to  the 
o)mbined  influence  of  rain  and  sunshine.     Saturated  with  rain-water, 
^hich  dissolves  more  or  less  of  any  soluble  constituents  that  may  be 
firesent,  and  thereafter  exposed  to  the  desiccating  and  expanding  in- 
fluence of  the  warm  rays  of  the  sun,  rock-surfaces  are  disintegrated, 
breaking  up  into  angular  fragments  or  crumbling  into  dust.^    In  high 
mountainous  situations,  as  well  as  in  lower  regions  where  the  temperature 
falls  below  the  freezing-point  in  winter,  weathering  is  in  large  measure 
caused  by  the  action  of  frost,  to  be  afterwards  described ;  in  arid  lands 
subject  to  great  and  rapid  alternations  of  temi>erature,  it  is  largely  due 
to  the  strain  of  alternate  expansion  and  contraction  and  the  mechanical 
action  of  the  wind  (p.  304).    As  the  name  denotes,  weathering  is  de- 
pendent on  meteorological  conditions,  and  varies,  even  in  the  same  rock, 
M  these  conditions  change,  but  is  likewise  almost  infinitely  diversified 
aooording  to  the  structure,  texture,  and  composition  of  rocks. 

Mere  hardness  or  softness  forms  no  sure  index  to  the  comparative 

power  of  a  rock  to  resist  weathering.     Many  granites,  for  instance, 

leather  to  clay,  deep  into  their  mass,  while  much  softer  limestones 

i^tain  smooth,  hard,  surfaces.    Nor  is  the  depth  of  the  weathered 

wirfaco    any    better    guide    to    the    relative    rapidity    of    waste.     A 

tolerably  pure  limestone  may  weather  with  little  or  no  crust,  and 

yet  may  be  continually  losing  an  appreciable  portion  of  its  surface 

%  solution,  while  an  igneous  rock  like  a  diorite   or  basalt  may  l>o 

^^cased  in  a  thick  decomposed  crust  and  weather  with  cxtronic  hIow- 

^^,    In  the  former  case,  the  substance  of  the  rock  being  removed  in 

8f'lution,  few  or  no  insoluble  portions  are  left  to   mark  the   progress 

of  decay,  while  in  the  igneous  rock,  the  removal  of  but  a  comparatively 

"mall  proportion  causes   disintegration,   and   the   remaining   insoluble 

I*rt8  are  found  as  a  crumbling   crust.     Impure   limestone,  liowtwt'r, 

yields  a  weathered  crust  of  more  or  less  insoluble  particles.      Ilrnci^ 

tt  we  have    already    seen,   the    relative    purity  of    limestoni'S    may 

^  roughly    determined    from    their    weathercfl    surfaces,    wlit^ro,    if 

they  contain   much  sand,   the   grains  will   be    seen   proj(!(*ting    IVom 

ibe  caloareouB  matrix;   should  they  be  very  ferruginous,  tlu*  yrlltiw 

liydious  peroxide,  or  ochre,  will  be  found  as  a  powdery  fiuiif  ;   or  if 

they  be  fossiliferons,  they  will  commonly  pi^esent  the  fosHiln  hluniliiif.' 

out  in  relief.     An  experienced   fossil-collector  will   alwayH  ruH-tnlly 

learoh  weathered  surfaces  of  limestone,  for  he  often  findn  tlitit    «l»:li 

eately  pi^kod  out  by  the  weather,  minute  and  frail  f^>H^ilH,  v\]ij'  i-  ;im 


,.  rt.*ncG  may  be  made  here  to  the  liqaid  inclasionB  alrcu'Iy  ullu<l<  •!  i*'  u  •«•  ^  .  r^, 
y:Lt  during  tne  deoompodtion  of  gneiss,  anie^  p.  101. 
TiiU  action  can  be  insinictively  imitatoil  by  lx)iliii;.f  iiii«i  •!';••> 
I' ..  M'  r  ilewrflwd  in  Book  V.  Sect.  vii. 
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wholly  invisible  on  the  freshly  broken  stone.  This  difference  arises 
from  the  greater  insolubility  of  the  crystalline  calcite  composing  the 
organic  remains,  than  of  the  more  granular  calcite  in  which  they  are  im- 
bedded. Limestones  frequently  assume  a  remarkable  channelled  mgose 
surface,  with  projecting  knobs,  ridges  and  pinnacles  especially  developed 
in  high  bare  tracts  of  ground.     (Karrenf elder.) 

Bocks  liable  to  little  chemical  change  are  best  fitted  to  resist 
weathering,  provided  their  particles  have  sufficient  cohesion  to  with- 
stand the  mechanical  processes  of  disintegration.^  Siliceous  sandstones 
offer  excellent  examples  of  this  permanence.  Consisting  mainly  of  the 
durable  mineral  quartz,  they  are  sometimes  able  so  to  withstand  decay 
that  buildings  made  of  them  still  retain,  after  the  lapse  of  centuries,  the 
chisel-marks  of  the  buildoi*s.  Many  sandstones,  however,  contain  argiUa- 
coous,  calcareous,  or  ferruginous  concretions  which  weather  more  rapidly 
than  the  surrounding  rock,  and  cause  it  to  assume  a  honeycombed  surface ; 
others  are  full  of  a  diffused  cement  (clay,  lime,  iron),  the  decay  of  which 
makes  the  rock  crumble  down  into  sand.  In  sandstones,  as  indeed  in 
most  stratified  rocks,  there  is  a  tendency  towards  more  rapid  weathering 

along  the  planes  of  stratification,  bo  that 
the  stratified  structure  is  brought  out  very 
clearly  on  natural  cliffs  (Fig.  84).  In 
many  ferruginous  sandstones  and  clay  iron- 
stones, successive  yellow  or  brown  zones  or 
shells  may  be  traced  inward  from  the  sur- 
face, frequently  due  to  changes  of  the 
ferrous  carbonate  into  limonite,  the  in- 
terior remaining  still  fresh.  In  many  pris- 
matic massive  rocks  (basalt,  diorito,  Ac.), 
segments  of  the  prisms  weather  into  spheroids,  in  which  successive 
weathered  rings  form  cnists  like  the  concentric  coats  of  an  onion 
(Figs.  85,  86).  Where  one  of  these  rocks  has  been  intruded  as  a  dyke^ 
it  sometimes  decomposes  to  a  considerable  depth  into  a  mass  of 
brown  ferruginous  Iwills  in  a  surounding  sandy  matrix — the  whole 
having  at  first  a  resemblance  to  a  conglomerate  made  of  rolled  and  trans- 
ixjrted  fragments  (Fig  87). 

No  rock  presents  greater  variety  of  weathering  than  granite.  Some 
remarkably  durable  kinds  only  yield  slowly  at  the  edges  of  the  joints, 
the  separated  masses  gradually  assuming  the  form  of  rounded  blocks 
like  water-worn  boulders.  Other  kinds  decompose  to  a  depth  of  50 
feet  or  more,  and  can  be  dug  out  with  a  spade.  In  Cornwall  and 
Devon,  the  kaolin  from  the  rotted  granite,  largely  extracted  for  pottery 
purposes,  is  found  down  to  a  depth  of  occasionally  600  feet.  That  what 
appears  to  be  mere  loose  sand  and  clay  is  really  rock  decomposed  t«  nMy 
is  proved  by  the  quartz-veins  and  bands  of  schorl-rock  which  ascend 


»  On  weatbcring  as  illustrated  by  the  decay  of  building-stones,  see  Proe.  j 
8o€.  Min.  1870-80,  p.  518.  A.  A.  Julien,  7Van/».  New  York  Acad,  8ci.  Janoaiy,  1 
W.  Wttllacc,  Proe.  Phil.  8o€.  01a*gow,  xiv.  (1882-3)  p.  22. 


Fl{?.  85.— Rings  of  WcalUeriog. 
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fitm  tho  solid  rock  (n.  Fig.  88)  into  tlio  friaMe  i^rt  (b),  and  by  the 
entin  i^rcenieiit  in  Htructuro  between  tho  two  portionB,  Here  (ind  there, 
kenteb  of  fltill  nadecompoeed  granito  may  be  seen  (as  at  c  c  in  Fig.  89), 


Fig.  J>G.— SplKioUxl  W 

"Tcmnded  by  thoroughly  decayed  material,  and,  liko  tho  nolid  cotch 
"f  ioaalt  alKJve-iiicntioned,  presenting  a  deceptive  reseniblance  to  ac- 
(tnnnlationB  of  transported  materials.  Thpro  can  be  no  donbt  that 
'kgnoite  bouhlers,  so  abundantly 
tnuported  by  the  ice-sheets  and 
(Ikj^  of  tho  Ice  Age,  originated 

ingreat  meaflnro  in  this  waj-.   Ow- 
ing to  its  nnmerons  joints,  granite 

oocuionally  weathers   into   forms 

tint  retemblc  mined  walls.    Large 

4l)«,  each  defined  by  joint  plauen, 

*nther   out  one   above   au<^1ier 

lik':  ticiB  of  maaonrj'  (Fig.  £'0j, 

'Uitil,  loooened  by  disintegration, 

liwy  ilip  off  snd  expose  lower  jiartu  of  the  rock  to  the  same  influcn(*s. 

Here  and  there,  a  separate  block  becomes  no  jHiiscd  that  it  may  Ijo 

'••Jily  mored  to  and  fff)  by  the  liand,  as  in  the  wi-ftdUd  "r<M.kiiiH- 
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stones  "  of  granitic  districts.  The  disintcgratioii  being  liable  to  ood- 
siderablo  variation,  owing  to  local  differences  in  dnrability,  some  portions 
are  weathered  into  cavities,  others  rise  into  prominenoea,  often  with  a 
singularly  ortificial  appearance,  as  in  the  "rock  basins"  (Fig,  91)  and 
"  tors  "  (Fig.  00)  of  the  south-wMt  of  England. 


Fig.  St.— DHuaquMlUoa  of  OnoltB. 
hSalM  grwIWi  b.dKiinipiiMdcniilWi  c.  (,  ktr-c^it 
HHC  Mil,  or  Mill  DDdBioiDFaHd  gnolu.  ^ 

To  the  iuflnence  of  weathering,  many  of  the  most  familiar  miiur 
contours  of  the  land  may  be  traced.  So  characteristic  are  these  fonn 
for  particular  kinds  of  rock,  that  they  serve  as  a  means  of  reoogniBii^ 
them  even  from  a  distance.    (Book  VII.) 


Fig.  BO,— Waitbering  of  annlte  klong  1W  ^olnti  (fl.). 

In  countries  which  have  not  been  nnder  water  for  a  vast  lapse  of 
time,  and  where  consequently  the  superficial  rooks  have  been  md- 
tinnoiifily  exposed  to  subaerial  disintegration,  thick  accumulatioiu  of 
"  rotted  rock  "  arc  found  on  the  surface.      The  extent  of  this  change  If 


H  iiiTf  sc   7 


1i  i«ilau  araru)lr(A). 


sometimes  impressively  marked  in  areaa  of  calcareous  rocks.  LiraestoW 
being  mostly  soluble,  its  surface  in  contiimally  dissolved  by  rain,  whil* 
the  insoluble  portions  remain  behind  as  a  slowly  increasing  deposit. 
In  rc^ons  which,  possessing  the  necessary  conditions  of  climate,  have 
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been  for  a  long  period  unsabmorged,  tracts  of  limestono,  unprotected 
by  glacial  or  other  accumulations,  are  found  to  be  covered  with 
A  red  loam  or  earth.  This  characteristic  layer  occurs  on  a  limited 
scale  over  the  ohalk  of  the  south-east  of  England,  where,  with  its 
Abundant  flints,  it  lies  as  the  undissolved  ferruginous  residue  of  the 
chalk  that  has  been  removed  to  a  depth  of  many  yards.  It  occurs 
likewise  in  swallow-holes  and  other  passages  dissolved  out  of  calcareous 
masses,  and  forms  the  well-known  red-earth  of  bone  caves.  In  south- 
eastern Europe  it  plays  an  imi)ortant  part  among  superficial  deposits, 
being  extensively  developed  over  the  limestono  districts,  esx)ecially  in 
Istria  and  Dalmatia,  where  it  is  known  as  the  ferruginous  red  earth  or 

Other  remarkable  examples  of  similar  subaerial  waste  have  been 
specially  noticed  among  crystalline  schists  and  eruptive  rocks.  In 
Bnizil,  it  has  been  remarked  with  astonishment  that  the  crystalline 
rucks  are  sometimes  decayed  to  a  depth  of  more  than  300  feet.^  In 
Haffiachusotts,  Pennsylvania,  and  generally  in  the  niid<lle  and  southern 
Atlantic  States  of  North  America,  and  in  central  Asia,  the  same  fact  has 
bwjD  observed.^  Dr.  Sterry  Hunt  has  si)ccially  drawn  attention  to  tlio 
K^logical  importance  of  this  prolonged  disintegration  in  situ,  Mr. 
Piunpolly  points  out  that,  as  masses  of  decomposed  rock  may  be 
oUerved  to  a  depth  of  over  100  feet,  the  surface  of  the  still  solid  rock 
^crneath  presents  ridges  and  hollows,  succeeding  each  other  according 
to  varying  dumbility  under  the  influence  of  percolating  carbonated 
water.  In  this  kind  of  weathering,  where  erosion  does  not  come  into 
pUy,  it  is  evident  that  the  resulting  topography  must,  in  some 
imiwrtant  respects,  differ  from  that  of  an  ordinary  surface  of  supei*ficial 
^emulation.  In  jwirticular,  rock-basins  may  bo  gradually  eaten  out  of 
Ac  solid  rock.  These  will  renuiiu  full  of  the  decomposed  material,  but 
«ny  (ml)se<£uent  action,  such  as  that  of  glacier  ice,  which  could  scoop  out 
tbe  detritus,  would  leave  the  basins  and  their  intervening  ridges 
wiKwed.* 

'  Ou  the  orijnu  of  "Terra  Ilossa,"  see  M.  Xcuinuyr,  Vvrhcmdl  (»ei^.  IjcichsansL  1875, 


fcmiginoua  deposits  by  Btopixini  (*  Coroo  di  Geologia,*  iii.  p.  58  4>     Ncumayr  shows 
^t  it  is  of  various  ages ;  in  the  Kurst  it  encloses  Miocene  mammals. 

'  Liais,  *Geologie  du  Bresil,*  p.  2.  Ann.  den  MincSjlma  ser.  viii.  p.  01)8.  T.  Slerrv 
Hnit,  Amtr,  Journ,  Set  3rd  ser.  vii.  p.  GO;  xxvi.  (1883),  p.  1*^1  C'^^t  ^tag.  1883, 
^S10;  American  NaiuralUt^'w,  (1875),  p.  471.  This  writer  dwells  osiKxually  ou  the 
?ett  geological  antiquity  of  the  weathered  crust.  On  the  secuhir  rock-weathering  of 
^  8wtdidh  mountains  ste  Nalhorst,  tied.  Foren.  Stochhohn.  FOrhnnd.  18'/U.  iv.  No.  13. 
'  Od  a  smaller  scale  it  is  ahio  to  be  noted  in  the  granite  and  killas  (phyllite)  of  Coni- 
^  and  Devon,  which,  not  having  suffered  from  the  abrading  action  of  the  ice  of  the 
*'bdal  Period,  show  a  deep  cover  of  rotted  rock,  and  afford  some  indication  of  what  may 
^  been  elsewhere  the  condition  of  Britain  before  the  period  of  glaciation.  The  sca- 
^fk  tlong  the  north  coast  of  Cornwall  expose  iiistiuctive  sections  of  the  deep  upper 
^tvompoted,  and  of  the  lower  blue  solid  killas,  with  the  remarkably  uneven  boundary 
lion;  whieh  they  pass  into  each  other. 

I  •  PompeUy,  Amer.  Joiirn.  iki.  yrd  ser.  xviii.  I'M) ;  L.  S.  Burbauk,  Froc.  Bost.  Nat. 

i        ^itt.  Soe.  xn.  (1874),  part  2,  p.  150 ;  ah>o  jwstea,  p.  401. 
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Formation  of  SoiL — On  level  eurfaoes  of  rook  tlie  ireatiieni 
cruet  may  remain  with  comparatiTcly  littlo  roanaQgement  until  plant 
tako  root  on  it,  and  by  tbctr  decay  Bupply  organio  matter  to  thi 
deeompOBed  layer,  which  eventually  bocumca  what  we  term  "  vegetabll 
soil."  Animals  also  fumiiih  a  Bmallor  proportion  of  organic  ingredientk 
Though  tho  character  of  Boil  depends  primarily  ou  the  natue  of  U« 
rook  ont  of  which  it  ban  been  formed,  its  fertility  ariaea  in  no  small 
measure  from  tho  commingling  of  decayod  animal  and  vegetable  mattei 
with  decomposed  rock. 

A  gradation  may  be  traced  from  tho  Boil  downwards  into  what  ii 
teimed  the  "subEoil,"  and  thnnce  into  tho  solid  rook  undernMlb 
Between  soil  and  Biibsoil  u  marked  dilfcionce  in  colour  is  oftei 
obsorvablo,  the  former  being  yellow  or  brown,  when  the  latter  is  blue 
grey,  red,  or  other  colour  of  the  rock  beneath.^  This  oontraet,  evidently 
duo  to  oxidation  and  hydration,  especially  of  tho  iron,  extends  down 
wards  OS  far  aa  tho  subsoil  ia  opened  up  by  rootlets  and  fibres  to  thi 
ready  descent  of  rain-wator.  Tho  yellowing  of  tho  subsoil  may  evei 
OGoaaioniilly  bo  noticed  around  some  stray  rootlet  which  has  stmol 
down  further  than  the  rest,  below  tin 
general  lowor  limit  of  tho  soil  (poifaa 
tioction  iii.  p.  436). 

Ur.  Darwin  observed  many  yewi 
ago  that  a  layer  of  soil,  throe  inches  ii 
depth,  had  grown  above  a  layer  of  bntiii 
marl,  spread  over  the  laud  fifteen  yean 
FtB.M.-SKtJon.bui.iiiaitanpK.idpmso    previously:  also  that  in  another  ex 

of  Hot*  (b1  Into  BiibKll  (t).  mil  thmce      •■         ,  ^ .      .,        ,  ,,  ^w      — 

Into  Vtgeubis  SuU  (c).  ample,  a  similar  layer  had,  as  it  were 

sunk  boueath  the  soil,  to  a  depth  o 
twelve  or  thirteen  inohes  in  eighty  years.  He  connected  these  fiuit 
with  tho  work  of  tho  common  earth-worm,  and  concluded  that  the  fin' 
loam  which  hod  grown  above  these  original  superficial  layers  had  beei 
ouried  up  to  tho  surface,  and  voided  thoro  in  tho  familiar  form  o 
worm-castiDgs.'  This  action  of  the  oaitb-worm  is  doubtless  higbl; 
important,  but,  as  Uiohthofen  haa  pointed  out,  wo  have  to  take  als> 
into  account  that  gradual  augmentation  of  lovol  due  to  the  doily  dopon 
of  duBt  {ante,  p.  306,  and  jx/sica,  p.  430). 

Soil  being  composed  mainly  of  iuoi^aiiio,  and  to  a  sU^t  extent  o 
organic  materials,  tho  proiwrtion  between  these  two  elements  is  i 
ijuestion  of  high  economic  importance.  Witli  regard  to  the  organit 
matter,  it  is  the  experience  of  practical  agriculturists  in  Britain  tha 
oats  and  rye  will  grow  upon  a  soil  with  IJ  per  cent,  of  organic  mattei 
but  that  wheat  rei|uii-e8  from  4  to  8  per  cent.*     To  a  geologist,  thi 

',  DcccptivD  appennmrps  of  u  break  bctireen  Ilic  »iil  or  subgoil  and  what  liea  benMtl 
ore  somutimca  produced  by  ibis  meaus.  1^  W.  Wbitokor,  Q,  J,  GmL  Soe.  r"*"' 
[1.  122.     E.  Van  dou  Urocck,  Mim.  Qmnmii.  Acad.  UriUBcls,  1681. 

'  Oeol.  Traiu.  v.  ISiO,  p.  5U5;  and  bix  miiro  recent  reaeaccLoa  iu  his  VoluBO  ol 
'VcRctablc  Moubl.'    See  ftl»o  C.  Ttcid,  Ofo(,  JUciff.  1884,  ii.  I(j5. 

'  JohuBloii'a  'EltuieulB  of  Agriuultunil  Cbeiubtry,'  (),  BU, 
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organic  matter  has  much  interest,  as  the  source  of  most  of  the  carbonic 
acid,  with  which  so  wide  a  series  of  changes  is  worked  by  subterranean 
water.  The  inorganic  portion  of  soil,  or  still  undissolved  residue  of  the 
original  surface-rock,  varies  from  a  loose  open  substance  with  90  per 
cent  or  more  of  sand,  to  a  stiff,  cold,  retentive  material  with  more  than 
90  per  cent,  of  clay.  When  this  sand  and  clay  are  more  equally  mixed 
they  form  a  *'  loam." 

Beference  has  just  been  made  to  the  thick  accumulation  of  rock 
decomposed  in  sitA  observable  in  certain  regions  which,  having  been 
above  the  sea  for  a  lengthened  period,  have  been  long  exposed  to  the 
action  of  weathering.  Where  this  action  has  been  supplemented  by 
tiiat  of  rain,  widespread  formations  of  loam  and  earth  have  been 
prthered  together.  These  are  well  illustrated  by  the  "brick-earth," 
** bead,"  and  "rain- wash"  of  the  south  of  England— earthy  deposits, 
nmetimes  full  of  angular  stones,  derived  from  the  subaerial  waste  of 
the  rocks  of  the  neighbourhood.^ 

2.  Mechanical  Action. — Besides  chemically  corroding  rocks  and 
thereby  loosening  the  cohesion  of  their  particles,  rain  acts  mechanically 
\j  washing  off  these  particles,  which  are  held  in  suspension  in  the  little 
lam-mnnels  or  are  pushed  by  them  along  the  surface.  The  amount 
ud  rapidity  of  this  action  do  not  depend  merely  on  the  annual 
quantity  of  rain.  A  comparatively  large  rainfall  may  be  so  equably 
distributed  through  a  year  or  season  as  to  produce  less  change  than 
ttay  bo  caused  by  a  few  heavy  rainnBtorms  which,  though  inferior  in 
total  amount  of  precipitated  moisture,  descend  rapidly  in  great  volume. 
Such  copious  rains,  by  deluging  the  surface  of  a  country  and  rapidly 
flooding  its  water-courses,  may  transport  in  a  few  hours  an  enormous 
MKrant  of  sand  and  mud  to  lower  levels.  Another  feature  to  bo  kept 
in  view  is  the  angle  of  declivity  :  the  same  amount  of  rain  will  perform 
Vastly  more  mechanical  work  if  it  can  swiftly  descend  a  steep  slope, 
than  if  it  has  to  move  tardily  over  a  geijitle  one. 

Be m oval  and  Konewal  of  Soil. — Elie  de  Beaumont  drew 
attention  to  what  appeared  to  be  proofs  of  the  permanence  or  long 
duration  of  the  layer  of  vegetable  soil.^  But  the  cases  cited  by  him  are 
Dot  inconsistent  with  a  belief  that  the  doctrine  of  the  persistence  of  the 
•oil  is  true  rather  of  the  layer  as  a  whole,  than  of  its  individual  particles.^ 
Were  there  no  provision  for  its  renewal,  soil  would  comparatively  soon 
ke  exhausted,  and  would  cease  to  su2)port  the  same  vegetation.    This 

'  See  Austen,  Q,  /.  (Jeol.  S<tc.  vi.  p.  94,  vii.  p.  121 ;  Foster  and  Toploy,  op,  ciU  xxi. 
^446.  The  vaat  extent  of  soinc  suncrlioial  format  ious,  like  tlic  **  loess  "  above  (p.  307) 
'((ened  to,  has  often  sup^gested  snumergence  below  the  sea.  But  when,  instead  of 
MDe  organjtfms,  only  terrestrial,  tluviatile,  or  lacustrine  remaios  occur  in  them,  tis 
*  the  brick-earths  and  loess,  the  idea  of  marine  submerpjence  cannot  be  entertained. 
f^  reinarkabh*  ** tundras'*  or  st^-ppes  of  Sibeiia,  and  th(i  ** black  earth"  of  Kus^^ia, 
Veexmniplcs  of  such  extensive  formations,  which  are  certainly  not  of  marine  origin, 
•*t  point  to  lonz-c^ntinued  emergence  above  the  sea.  See  Murchieon,  Keygerling, 
•^  De  YerueuJl^  '  Geology  of  Kussia.'  Belt,  Q,  J,  Geoh  Soc.  xxx.  p.  400 ;  also  postcu^ 
►  442,  .       "  '  Le9on8  do  Geologic  pratique,'  i.  p.  140. 

'  Gcikie,  Traws,  Geol,  Soc.  Glw^jow,  iii.  p.  170. 
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result,  indeed,  occurs  partially,  especially  on  flat  lands,  but  would  bo  far 
moi*e  widespread  were  it  not  that  rain,  gradually  washing  off  the  upper 
2)art  of  the  soil,  exposes  what  lies  beneath  to  further  disintegntion. 
This  removal  takes  place  even  on  grass-covered  surfaoes,  through  tlie 
agency  of  earth-worins,  by  which  fine  particles  of  loam  are  brought  up 
and  cxposod  to  the  air,  to  be  dried  and  blown  away  by  wind,  or  washed 
down  by  rain.  The  lower  limit  of  the  layer  of  soil  is  thus  made  to 
travel  downward  into  the  subsoil,  which  in  turn  advances  into  tlte 
underlying  rock.  As  llutton  long  ago  insisted,  the  superficial  covering 
of  soil  is  constantly,  though  slowly,  travelling  to  the  sea.^  In  thu 
ceaseless  transport,  rain  acts  as  the  great  carrj'ing  agent.  The  i)artid€> 
of  rock  and  of  soil  are,  step  by  step,  moved  do>\Tiward  over  the  face  of  the 
land,  till  they  reach  the  nearest  brook  or  river,  whence  their  seaward 
progress  may  be  rapid.  A  heavy  rain  discolours  the  water-couruea  of 
a  country,  because  it  loads  them  with  the  fine  debiis  which  it  remoTes 
from  the  general  surface  of  the  land.  In  this  way,  rain  ser\'e8  aa  the 
means  whereby  the  work  of  other  disintegrating  forces  is  made  cun- 
ducive  to  the  general  degradation  of  the  land.  The  deoom^xMod  cnu»t 
l)roduced  by  weathering,  which  would  otherwise  accumulate  over  the 
solid  rock,  an<l  in  some  measure,  jirotect  it  from  decay,  is  removed  hy 
rain,  and  a  fresh  surface  is  thereby  laid  bare  to  further  deocnnpoBition. 

Movement  ofSoil-ca p. — ^In  some  countries,  where  the  groiml 
is  covered  with  a  thick  spongy  mass  of  vegetation  exposed  to  consideial'to 
varhition  of  temperature  and  moisture,  appearances  have  been  ohBened 
of  an  extensive  slipping  of  the  layer  of  soil  to  lower  levels,  betting 
with  it  whatever  may  Ije  growing  or  Ij'ing  u^wn  it.  Suoh  an.  the 
so-called  "  stone-rivers  "  of  the  Falkland  Islands,  and  the  supoifiil 
debris  of  certain  parts  of  the  west  coast  of  ratagonia.*  In  WarttfB 
Europe,  sliglit  indications  of  a  similar  movement  may  often  be  noticed 
on  the  sides  of  hills  or  valleys. 

U  n  u  (1  u  a  1  Erosive  Action   o  f  K  a  i  n. — While  the  result  of 
ruin  actit»n  is  the  general  lowering  of  the  level  of  the  land,  this  procotis 
necessarily  advances  very  unequally  in  diftereiit  places.     On  flat  ground, 
the  waste  may  bo  quite  inappreciable,  except  after  long  intervaLi  and 
l)y  the   most   accurate   measurements,   or  it   may  even  give  place  to 
deposition,  the  fine  detritus  washed  off  the  slopes  l>eing  spread  out,  ao  as 
actually  to  heighten  the  alluvial  surface.     In  numerous  localities,  gw** 
variations  iu  the  rate  of  erosion  by  rain  may  bo  observed.     Thus,  from 
the  pitted,  cliauuelled  groinul  lying  immediately  under  the  drip  of  the 
eaves  of  a  Ikuisc,  fragments  of  stone  and  gravel  stand  up  promincutlyt 
becaiisu  tlie  earth  around  and  above  them  has  been  washed  away  hj 
the  falling  drops,  and  because,  being  hard,  they  resist  the  erosive  action 
and  Koreen  the  earth  below  them.     On  a  larger  scale  the  same  kimlof 
<»l>eration  may  be  noticed  in  districts  of  conglomerate,  where  the  larger 

'  'TlKM.iy  t.f  Ihc  Kurth,'  Pari  II.  chiips.  v.,  vi. 

-  Wyvillo  'J'1h»ih8oii'h  '  Atlttiiiic,'  vol.  ii.  p.  24:».     11,  W.  Coiniiiigcr,  Q,  J,  OtuL  fifce. 
ISSI,  p.  ;;iy.     ,Scc  ^hjiiUu,  under  •* Lundalips,"  p.  343. 
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UucIh,  aerving  att  a  protoction  to  the  rock  undonicath,  cumo  to  form  iib 
it  were  the  capitola  of  Blowly-deei>eiiiug  columna  of  rock  (Fig.  03),  In 
certaiu  valloyii  of  tlio  AlpH  a  atony  olay  iu  cut  by  tliu  raiu  iuto  pillars, 
(.'ach  of  wluch  in  protoctod  by,  aud  iudood  owes  itu  uxiutcueo  to,  a  largo 
bluok  of  Btoue  whicli  lay  originally  in  the  heart  of  tho  maaa  (Fig.  94). 
ThcHo  columns,  or  "  earth-pillars,"  oro  of  all  liciglitu,  acvording  to  tho 
positions  in  which  tho  atonen  may  have  originally  lain. 

There  aro  iuBtaucca,  however,  whcro  the  diHiutogratiou  him  he(.'U  bu 
complete  tliat  only  a  few  Hcattcrod  fmginouts  louiuiii  of  a  unco  extcuHivo 
■tratniu,  and  whero  it  nmy  nut  be  easy  to  realise  that  thcue  fragments 
*nj  not    trans^Kirted    boulders.      In    Dorsctflhiro    and    Wiltuhiro,    for 


CTidod  pillan  ur  OIil  I  ti  Cuuglo 


iiaiuj^.lc,  tlie  HUrfacc  of  tho  country  is  in  boiuc  purtu  so  thickly  strewn 
^th  fragniente  of  saudHtoiio  and  conglontcrute  "  that  n  purson  may 
■liBUit  leap  from  one  stone  to  unotlicr  without  touching  tiie  ground. 
Ilie  atones  arc  freijticiitly  of  oonsiderablo  size,  many  being  fonr  or 
Svc  yards  across,  and  about  four  feet  thick." '  Thoy  are  found  Ipng 
•Immlantly  on  the  Chalk,  HuggcBtivo  at  fiittt  of  somo  former  agent  of 
*ttn»iH>rt  by  which  they  were  brought  from  a  distance.    They  siro  now, 

'  Tlicf  Imvc  b(-un  need  fur  tlie  hu};e  blodtu  of  wliioli  Sloncheugo  aud  oUn'r  of  tJio 
'■«>U«d  Uriiidieal  cjrclea  bnvo  been  ruiiijtnivUx],  htnoc  Ikcy  Iiiltu  licoii  tormiid  DrnUl 
v^^**'  iHlieT  uamvt  utc  KiTBen  StoucH  (uippoiiei]  tu  iiidivoto  Ihnt  UiuJr  nccuiaulatioa 
S btni  puimlaily  aiwTilivtl  Iu  llto  l^niconii>  and  {tn-y  Withun,  fruiu  tlicir  RaaiuMkucc 
|>llii;iliiitancclu  ttix-keuf(«i:t]icr)  ijlice]*.  tkxiktrnplin  Caiaioijut  <•/  IbieTc  SiKeivteut 
•' J'rmtm Ulnil Mngeuiu,  'Jul  Lit.;  I'luilwich,  (^.  J.  (liv).  Sue.  x.  |i,  12:1;  WbUokcr, 
'•"f^'eo/  tfiirci^  Ximvir  o»  jmr(»  ii/'  iliihltcn^,  iic.  ji.  71. 
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liowoTcr,  (Touorally  admitted  to  bo  simply  fraginontit  of  BOmo  of  tt 
Bandy  Tertiary  stratJi  which  onco  eovorcd  tho  diatricta  whore  they  occn  _ 
While  tho  w>ftor  portioiis  of  fhcso  strata  havo  boon  carried  away,  tt 
hardor  parts  (their  hiirdiicsa  perhaps  iiicroftsing  by  exposure)  ha^ 
reniainod  Iiehiud  as  "  Grey  Wothere,"  aud  havo  Bulwoqucntly  BuSbr^ 
frau  the  iiiovitahlo  splitting  and  cruuililing  action  of  the  weath^ 
Simihir  blocks  uf  ijuartzit'O  aud  oouglouiorute  rcforable  to  tho  disi 
togratiun  of  Lower  Tertiary  beds  m  sit&,  aro  tracealilo  in  tho  north  o^ 
of  Franco  up  into  tho  Ardennes,  Bhowing  that  tho  Tortiaiy  dopoaits 


Fiff- «— Emtli-plUini  kll  by  tbo  wmthpring  of  moruliiMtulf,  Tytil. 

tho  Taris  baniu  onco  had  a  nmch  wider  extension  than  tlioy  now  poasoai.' 
On  a  far  grander  scale,  the  apparent  eaprico  of  general  snbaorlal  dinntf 
gration  ie  exhibited  among  tho  "biittcs"  and  "  Iwtd  lands"  ofWyomin 
and  the  neighbouring  torrituriuFt  of  North  Ainoriea.     Colossal  pyramicf 
barrotl  horizontally  by  the  level  lines  of  si  ratification,  riBO  up  one  afl 
another  far  out  into  tho  pliiinn,  whiih  were  <iiico  covcretl  by  a  continue 
Blicet  of  tho  formationn  wheiccif  these  detached  ontliers  are  only  fiagmei 
Ae  a  oonBeqneiice  of  this  ineiinality  in  tho  rate  of  waste,  depend 
on  so  many  conditions,  iiotnldy  upon  declivity,  amount  and  hcavincfl 

'  Itarroiii,  ihiu.  ait.  (I't'of.  (di  A'cn?,  vi,  p.  300. 
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D,  lithologioal  texturo  and  composition,  and  geological  Btructuro, 
lat  varietiee  of  contour  are  worked  out  upon  the  land.  A  survey  of 
B  department  of  geological  activity  showB,  indeed,  that  the  unequal 
ating  by  rain  has  in  a  large  measure  produced  the  details  of  relief  on 
)  present  surface  of  the  continents,  those  tracts  where  the  destruction 
I  been  greatest  forming  hollows  and  valleys,  others,  where  it  has  been 
8,  rising  into  ridges  and  hills.  Even  the  minuter  features  of  crag  and 
imaole  may  be  referred  to  a  similar  origin.    (Book  YII.) 

§  2.   Underground    Water. 

A  great  part  of  the  rain  that  falls  on  land,  sinks  into  the  ground  and 
parently  disappears ;  the  rest,  flowing  off  into  runnels,  brooks,  and 
ran,  moves  downward  to  the  sea.  It  is  most  convenient  to  follow 
Bt  the  course  of  the  subterranean  water. 

All  rocks  being  more  or  less  porous^  and  traversed  by  abundant  joints 
id  cracks  (p.  282),  it  results  that  from  the  bed  of  the  ocean,  from  tbo 
ttoms  of  lakes  and  rivers,  as  well  as  from  the  general  surface  of  the 
ad,  water  is  continually  Mtering  downward  into  the  rocks  beneath. 
3  what  depth  this  descent  of  surface-water  may  go,  is  not  known.  As 
^ted  in  a  former  section,  it  may  reach  as  far  as  the  intensely  heated 
tenor  of  the  planet,  for  as  the  already  quoted  researches  of  Daubree 
kve  shown,  capillary  water  can  penetrate  rocks  even  against  a  high 
'unier-pressure  of  vapour  (ante,  p.  246).  Probably  the  depth  to  which 
i«  water  descends,  varies  indefinitely  according  to  the  varying  nature 

the  rocky  crust.     Some  shallow  mines  are  practically  quite  dry,  others 

groat  depth  require  largo  pumping  engines  to  keep  them  from  being 
H)ded  by  the  water  that  pours  into  them  from  the  suiTounding  rocks, 
t^t,  as  a  rule,  the  upper  layers  of  rock  in  the  earth's  crust  are  fuller  of 
oistnre  than  those  deeper  down. 

Underground  Circulation  and  Ascent  of  Springs. 
-The  water  which  sinks  below  ground  is  not  permanently  removed  from 
le  surface,  though  there  must  be  a  slight  loss  due  to  absorption  and 
lomical  alteration  of  rocks.     Finding  its  way  through  joints,  fissures , 

*  other  divisional  planes,  it  issues  once  more  at  the  surface  in  springs, 
his  may  hapi)en  either  by  continuous  descent  to  the  point  of  outflow,  or 
^  hydrostatic  pressure.  In  the  former  case,  rain-water,  sinking  under- 
iath,  flows  along  a  subterranean  channel  until,  when  that  channel 
cut  by  a  valley  or  other  depression  of  the  ground,  the  water  emerges 
;un  to  daylight.  Thus,  in  a  district  having  a  simple  geological 
mcture  (as  in  Fig.  95),  a  sandy  porous  stratum  (rf),  through  which 
ater  readily  finds  its  way,  may  rest  on  a  less  easily  permeable  clay 
5)t  followed  underneath  by  a  second  sandy  pervious  bed  (c\  resting 

•  hefore  upon   comparatively  impervious  ^  strata   (a).      Hain   fallhig 

'  Tliia  term  imptrvious  must  evidently  bo  used  in  a  relative  and  not  in  on  absolute 
•ttie.  A  stiff  clay  is  practically  impcn'ious  to  the  trickle  of  underground  ^ater ;  hence 
te  employment  as  a  material  for  puddling  (that  is,  making  >vater- tight)  canal»  and 
'JiBToin.  But  it  contains  abundant  interstitial  water,  on  which  indeed  its  charaetcrifitic 
P^^idiy  depends. 


-•''.1 
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ip"a  riii^  iiiper  -iandj  -saBuimi    'f ,  wiH  snk  tfazDV^  ifc  to  themri 

it  'lie  iiAY   "  «  UL*iur  whiea  is  mH  doir  -nuil  is 


>r  in  A  ^eaenu  line  ■  *i  w<r:nit»a  .uon^  die  aiiie  a£  tbe  ^valley  4jfr)u  ^ 
.iecfjiul  'snrtv  Tjerl  '-  will  derve  ja  a  reaemLar  of  wdb^exs^usam  mi 
«i  \un\c  y^  ic  remAuui  'jeluw  die  fiir^'e.  bus  any  raOey  cattiBg  do 
:jeiijw  itH  bajte  will  •izain  it. 

Zxct^pc.  Ii'iweT-er.  in  >Lisnictt  it  zendy  rnnlmai?  ami  imbrukai  stn 
^prin^  '4n;  oiurB  TmuILv  -jf  die  detxuui  rlwiM  witeze  the  water  1 
•ti.*94t^iui«:'I  t«j  i  xr^atcrr  <jr  \vsm  'iTwam^.  uuL  luw  niwn  si^zsun  to  the  8 
fii«:r*  in  dMsniesft. :»  in  9o  miuiv  :$vpiiuii&  Linetf  of  juou  suul  laiilt  aff 
reaJj  phanneln  &r  dxbteizanean  •izaina^ce  >  Fu;.  *J*>  r»     Powcrfol  Cm 


t* 


wiuch  brin;^  'lilferent  kinda  of  rock  acTt^iiut  KmiK  otker  i  a6  a  and  g  are 
the  £i7ilc  /  in  Fi^.  *J<  >«  iue  firef^nenclv  markeil  at  the  surface  by  oopii 
i*piin;r>t.  Sj  ojmplex  ia  the  netw«jrk  of  •liriisviiial  plane*  by  which  roc 
ar^  criv*;nj*^  thciC  wii^rer  mav  i^fben  foQow  a  most  labvTin thine  ooni 
V-ftf'.-iTr  it  ci.mpletcii  its  nndergi«:>and  cxrenlatii.v.  tFi^.  97).  In  coo: 
tne4  with  a  sufficient  rain£ftll,  Pjcks  are  fatnzated  with  water  helo 
a  ryzTZ^ui  limit  cenueil  the  rnntfr-ler^L  «>win;c  t*>  Tarrin<r  8tmctiiie,ftD 
r«:Iative  capacity  tV»r  water  anion^  r.-^-ks,  this  line  is  n*.it  i?trictly  hor 
z*/r.t*I.  IIjCk-  thac  of  tht  aurfaije  of  a  lake.  3I"KvvtT.  it  i*  liable  tortt 
<*nd  fall  aeix-rdin^  aj»  the  ^lUL^n:^  ^re  wtrt  <.*r  *iry.  In  s^^nie  placets,  it  li< 
•^oite  near,  in  utheia  far  l<elow.  tht:  &iLrface.     A  wtrll  is  an  artificial  hoi 


dng  dfjwu  Ijelow  the  water-level,  80  that  the  water  may  peruulate  into 
Hcmce,  when  the  water-level  happens  to  l>e  at  a  small  depth,  wells  i 
flhallow  ;  when  at  a  great  depth,  they  require  to  be  deep. 

Since  rocks  vary  greatly  in  ^lorosity,  8*>me  contain  far  more  wa 
than  fjthcrs.  It  often  hapi>en8  that,  i)ercolatiug  along  some  |x>rDns  b 
Nubt4;rrHueau  water  finds  its  >vay  downward  until  it  passes  under  so 
mmo  iiiijiervious  rock.  Hinderetl  in  its  progress,  it  accumulates  in  ' 
|Kirotm  lieil,  from  which  it  may  be  able  to  find  its  way  up  to  the  surf 
Mfjj^itt  inAy  by  a  tedious  circuitous  |>a68age.  If,  however,  a  bore-hole 
•fUfik  through  the  up^ier  iniiiervious  l>ed  down  to  the  wutei>ohar| 
»itratfiiii  lioloWy  Uio  water  will  avail  itself  of  this  artificial  channel 
wwajiOi  ami  will  rise  in  the  hole,  or  oven  gtish  out  as  vkjct  cFeau  abi 


Stf!T. 
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f^itmnd.  Wells  of  this  kind  are  now  largely  employed.  They  boar  the 
name  of  Arteman,  from  the  old  proTinoe  of  Artois  in  France,  where  they 
have  long  been  in  naa.' 

That  the  water  really  oirenlateB  nndorgronnd,  and  passes  not  merely 
throngh  the  pores  of  the  rocks,  bat  in  creviceB  and  tunnels,  whioh  it  has 
BO  doabt,  to  a  lai^  extent,  opened  for  itself  along  natural  joints  and 
,  is  proved  by  the  occasional  rise  of  leaves,  twigs,  and  even  live 

I,  in  the  shaft  of  an  Artesian  well.     Such  testimony  is  particularly 


Fig.  >T.— Intricate  anMnniMMiomiw  of  p«niol(tlngw(ter. 

•''iHng  whon  found  in  districts  without  surface-waters,  and  even 
petlaps  with  littlo  or  no  rain.  It  has  been  mot  with,  for  instance,  in 
"nking  wells  in  some  of  the  sandy  desorts  on  tho  aonthem  borders  of 
Algsria.*  In  theso  and  Birailar  cases,  it  is  clear  that  the  water  may,  and 
""Wtimes  does,  travel  for  many  leagneB  iimlorground,  away  from  the 
^rict  where  it  fell  as  rain  or  snow,  or  where  it  leaked  from  tlio  bed  of 
•  ri'er  or  lake- 


Fig.  *«.— DUgnm  llliutnitEve  or  Ihe  Vbturj  oT  ArtnUn  Wflli. 

^  V  U*tml(r-li«rlng  TDcka.  cuTcmlbyui  Impcrvluiu  mjtIcsCi:].  Iliraiigti  vbkb,  4t  L  inil 'tuwhiTO. 

burlngs  are  nuule  X'>  ihs  wUFT'lcTd  buiifath. 

The  temperature  of  s p r i n  g s  affortls  a  convenient,  bnt  not 
»I«y8  quite  reliable  indication  of  tho  relative  depth  from  which  they 
"Tb  risen.  Somo  springs  are  just  one  degree  or  less  atwvo  tho 
•wperature  of  ice  (G.  0",  Fahr.  32').  Others,  in  volcanic  districts,  issuo 
■ith  the  temperature  of  boiling  water  (C.  100",  Fahr.  212°).    Between 

'  Hm  Frastwich,  Q.  J.  Oeol.  Son.  xxviii.  p.  Ivii.,  and  tbc  rerercnocs  there  givrn. 
'  Denr,  BhU.  Bee.  Sei.  Nat  Ntn/ehdtel,  lect.    On  tho  hydrology  of  tho  Stthani 
"nit  0.  BolUod,  At40C.  Fnnfaiie,  1S80,  p,  547.     Tchihatchef,  Uril.  Ataxr.   1882, 
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tlicse  two  cxtromos  every  degree  may  be  regiHterod.     Very  cold  aprii 
may  bo  regarded  as  probably  deriving  their  supply  from  cold  or  sno- 
covered  mountains.     Certain  exceptional  cases,  however,  occur  whe 
owing  to  the  subsidence  of  the  cold  winter  air  into  cavoms  (jglaeii 
ice  is  formed  which  is  not  wholly  melted  even  thongh  the 
temi>erature  of  the  caves  may  l)o  a}x)ve  freezing-point.     Water  issuL 
from  these  ice-caves  is  of  course  cold.*     On  the  other  hand, 
whose  temperature  is  higher  than  the  mean  temperature  of  the 
at  whicli  they  emerge  must  have  l)een  warmed  by  the  internal  hea^^    «)f 
the  earth.     These  are  termed  Thermal  Springs,^     The  hottest  springs 
found  in  volcanic  districts.     But  even  at  a  great  distance  from 
active  volcano,  springs  rise  with  a  temperature  of  120°  Fahr.  (whicli 
that  of  the  Bath  springs)  or  even  more.     These  have  prol>ably  ascent 
from  a  great  depth.     If  we  could  assume  a  progressive  increase  of  fl 
Fahr.  of  sul)terranean  heat  for  every  GO  feet  of  descent,  the  water  a 
120'',  issuing  at  a  locality  whose  oixlinary  temperature  is  50°,  should  hav^^^ 
l)een  down  at  least  4200  feet  below  the  surface.     But  from  what 
been  already  stated  (p.  49)  regarding  the  irregular  stratification  o\ 
temperature  >vithin  the  earth's  crust,  such  estimates  of  the  probable 
dcptli  of  the  sources  of  springs  are  not  quite  reliable.     The  source  of 
heat  in  these  cases  may  }yo  some  crushing  of  the  crust  or  ascent  of  heated 
matter  from  underneath,   which  does  not  however  produce  volcanic 
phenomena. 

1.  Chemical  Action. — Every  spring,  even  tlie  clearest  and  most 
sparkling,  contains  dissolved  gases,  also  solid  matter  abstractetl  from  the 
wnls  and  rocks  which  it  has  traversed.  The  gases  include  those  absorbed 
by  rain  from  the  atmosphere  (p.  316),  also  carl)on-dioxide  supplied  by  de- 
comiK)King  organic  matter  in  the  soil,  sulpliuretted  hydrogen,  and  marsh- 
gas  or  other  hydrocarbon  derived  from  decompositions  within  the  crust. 
The  solid  constituents  consist  partly  of  organic,  but  chiefly  of  mineral 
matter.  Where  spring  water  has  been  derived  from  art  area  covered 
with  ordinary  humus,  organic  matter  is  always  present  in  it.  Organic 
acids  are  abstracted  from  the  soil  by  descending  water,  and  these, 
before  they  are  oxidized  into  carbonic  acid,  are  effective  in  decomposing 
minerals  and  forming  soluble  salts  (p.  317).  The  mineral  matter  of 
spring-water  consists  principally  of  carbonates  of  calcium,  magneeiumy 
and  sodium,  sulphates  of  calcium  and  sodium,  and  chloride  of  sodium, 
with  minute  traces  of  silica,  phosphates,  nitrat<3s,  &c.    The  nature  and 

*  A  remarkfiblc  example  of  a  glacibre  is  that  of  Dobschau,  in  Hungary,  of  whieh  an 
nccoiint,  'With  a  Bcriee  of  interesting  drawings,  was  published  in  1874  by  Dr.  J.  A. 
Kreuncr,  keeper  of  the  national  innseum  in  jSuda-Pesth.  See  also  MnrduBon,  Keyaer- 
ling  and  De  Yemeuil,  *  Geology  of  Kussia.'  Thury,  BiUioih,  Univ.,  Geneva,  1861 
Browne,  *  Ice-Caves  in  France  and  Switzerland,'  1865.  Fifty Hsix  of  these  caveB  are 
known  in  the  Alps,  some  in  tlie  Jura,  and  many  elsewhere. 

^  Studer  points  out  that  some  springs  which  are  thermal  in  liigh  latitudes  or  at 
great  elevations,  would  be  termed  cold  springs  near  the  equator,  and,  consequently,  that 
sprinpcs  having  a  lower  temperature  than  that  of  tlie  inter-tropical  zone,  tliat  is  from 
C.  0'^  to  30°  (Fahr.  32-84").  shouhl  be  called  "  relative."  those  which  surpass  that 
limit  (C.  30^-100'^)  *^  absolute,"  and  he  gives  a  scries  illustrative  of  each  group :  *  Phy- 
sikalische  Gwgraphie,'  ii.  (1847),  p.  49.    For  volcanic  thermal  springs  see  ante,  p.  219. 
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amoimt  of  mineral  iinpFognatiou  depend,  on  the  one  liand,  npon  the 
chemical  energy  of  the  water,  and  on  the  other,  upon  the  composition  of 
the  rocks. 

TarionB  sources  of  augmentation  of  its  chemical  energy  are  available 
for  gabtcrranean  water.  (1)  The  abundant  organic  matter  in  the  soil 
partially  abstracts  oxygen  from  the  water,  but  supplies  organic  acids, 
eqiecially  carbonic  acid.  In  so  far  as  the  water  carries  do>vn  from 
the  soil  any  oxidizable  organic  substance,  its  action  must  be  to  reduce 
oxides  (p.  318).  Ordinary  vegetable  soil  possesses  tlic  power  of  removing 
from  permeating  water  potash,  silica,  phosphoric  acid,  ammonia,  and 
otganic  matter,  elements  which  had  been  already  in  great  measure 
abutracted  from  it  by  living  vegetation,  and  which  are  again  ready  to  bo 
taken  up  by  the  same  organic  agents.  (2)  Carbon-dioxide  is  here  and 
there  largely  evolved  within  the  earth's  cnist,  especially  in  regions  of 
extinct  or  dormant  volcanoes.  Subterranean  water  coming  in  the  way 
of  this  gas  dissolves  it,  and  thereby  obtains  augmented  solvent  power. 
(3)  The  cai)acity  of  w^ater  for  dissolving  mineral  substances  is  aug- 
mented by  increase  of  temperature  (ante^  p.  283).  It  is  conceivable  that 
cold  springs,  containing  a  large  percentage  of  mineral  solutions,  may 
have  acquired  this  impregnation  at  a  great  depth  and  at  a  higher 
temperature.  As  a  rule,  however,  thermal  water,  as  it  cools,  deposits 
its  diusolved  minerals  on  the  walls  of  tlie  fissures  up  which  it  ascends. 
Hence,  no  doubt,  the  successive  layers  in  mineral  veins.  (4)  Pressure 
likewise  raises  the  solvent  power  of  water  (p.  283).  (5)  Some  of  the 
•dntions,  duo  to  decompositions  effected  by  the  water,  increase  its 
ahility  to  accomplish  further  decompositions  (p.  280).  Tlius  the  alkaline 
<*rbonates,  which  are  among  the  earliest  i»roducts,  enable  it  to  dissolve 
wlica  and  decompose  silicates.  These  carbonates  likewise  promote  the 
decomposition  of  some  sulphates  and  cliloridos.  (.'alciuni-earbonate, 
^hich  is  found  in  the  water  of  most  springs,  is  the  result  of  decomposi- 
tiou,  and  by  its  presence  Iciids  to  the  further  disintegration  of  various 
*ttinerals.  "  Carlwnic  acid,  bicarbonate  of  lime,  and  the  alkaline 
^bonates  bring  about  most  of  the  decompositions  and  changes  in  the 
J^eral  kingdom.  It  is  a  matter  of  great  importance  to  find  that  the 
■ime  suljstances  which  give  rise  to  so  many  decompositions  in  the 
ttttneral  kingdom  are  the  chief  ingredients  in  the  waters."  ^ 

The  nature  of  the  changes  effected  by  the  percolation  of  water  through 
■thterrancan  rocks  will  be  best  understood  from  an  examination  of  the 
oiuuposition  of  si)ring-water.  Springs  may  be  conveniently,  though  not 
▼ery  scientifically,  grouped  into  two  classes  :  1st,  Common  springs, 
Wch  as  are  fit  for  ordinary'  domestic  purposes,  and,  2ud,  mineral  spnngs, 
hi  which  the  proportions  of  dissolved  mineral  matter  are  so  much  higher 
as  to  remove  the  water  from  the  usual  potable  kinds. 

Common  Springs  posscsH  a  tempemturo  not  bighor  but  frequently  lower  than 
tbitof  the  localities  at  which  they  rise,  and  ordinarily  contain,  besides  atmospheric  nir 


>  Biachof,  •  Clicm.  Gecl.*  i.  p.  17. 
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11.   LV:v>jajaa  -.i-'i  ■  'Id  Hei  Sinttione 
I'l.  •^irinaa. 

Fr»'iii  •ij>  'ilit-  ■:  -  Tv-i.-nt  Iiott  rraii^  "he  prnpoition  n  liiASolTed  mine 
«oi«»uuxt>>-  iUiTUcnu  ..T  'ii'iw:  "Tiu-re  Tiii.-i  Tise  :a  •nicarwjils  tractSw  imb*1  hi>ir  it  wi 
3(ji>uai!i!£!v  TiiiikA  ^a  'L'^-sf  ^a»-r^  'Jl*:  :^.<?k?  ire  niai:.ir  ?ilit*tH}tu.  Tlie  maxian 
;»«:n-^rnt:»^-  ::  ,t»>hi»  N'\  i:J  -vaff  Irsd  riiAii  I  pure  la  ^veiy  I»'.'.mN)  .>t' wau-r.  til*?  mininv 
'tins:  ■••  M'-'  'r-jiu  .Tiiiito,  III  >"',  1,  "Ti  'ii'.-  -Ti'Tir^.  liie  muxinmni  Ta*  22'o2^  in  N( 
it  -¥•*  ~  •-•?.  ii-'k  -3  N-'-  '-**   t  Trai  *"*C<.'.- 

M  .  :i  •  r  i  1  **  ■•  r  1 2  iT"   ip*  iu  -*ni»:-  :Est.iO'~:i  •-  i«L  in  Hiiun  wrtnn,  or  •-ven  Kiili 
Thcnnui  -it-m^^  iir:  :ii'-T*-  ".s-'iAlj  nintrtl  -vattTs  '^iiu  v-^M  ^[nnss,  bat  ihtTf  Joe* 
;iDiiHir  V  '^-    lay  at-t.-asiry  r»r!at;».ttt  '•■tT..— n  •i-niiitramr'?  anti  •'hfiui*':il  i*onipoBit 
Mini-rt&i  -prinir?  nujr  -J'-  r»>n:rnl7  ■"'!*t*aixii-i  :'"r  ■j»t  li •jjtittl  pnnri?i'S  aivc-rJing  to 
Iin?Tniiinv:  niiatml  -iibstano-?  ■--ntaint  i  ia  'heiiu  whk'Ii  miiy  rm^e  in  amoant  ftom  ! 
:Umi  ^rtuiiait.-s  n»  r  liir  .' 

Oi/oir*'""*  '*or?Vwi»  ••nuin  .TiIi*i»im--ir''Hmii:c  in  sni-h  t^aancity  as  t^  bo  drpoeitet 
the  torn  of  i  whitr'riat  n»imii  ■•!•«*!!.-»  ■■•v.?r  whi-'Ii  the  water  dews.  Caloiam-cari«?n 
:Vi?or.iing  TO  Fr»a»-ni't*.  Ls  .IL-ei-lv.?-!  hj  10.»V«>  .n*  ooM  and  by  8S(H  parts  of  warm  wftl 

•  I>r.  R.  H.  PanI  in  Waiid*  •  Diet  Chf-m-'  v.  p.  1m±!. 

•  'Iliven  Pollntion  CVmrnLwi^n,  €th  Report,'  lS74,pp.  107-131.  See  also  Bep 
nf  Tirit.  Amnc,  Committee  on  irodenrroinid  circnlation  of  water,  U>ginniDg  in  1876L 

•  I'anl,  WitU'  •  Diet  Chem.'  v.  p.  VnH 

•  Kfilh,  •  Ch€m.  Wool/  i.  p,  48.  •*  <>nf  litre  of  water,  citlier  culd  or  bailing,  diwol 
fliKfiit  18  mitligmnimu."    liowoc  nnd  Hcborleuimcr,  *  Chemistry,'  iL  \\  208. 
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Bat  in  natiue,  tho  proportion  of  this  carbonate  present  in  Bprings  depends  mainly  on  tlu^ 
|MOportion  of  free  carbonic  acid,  wliich  retains  tlic  linio  in  solution.  On  the  loss  of 
ctfbonic  acid  by  exposure  and  evaporation,  the  carbonate  is  thrown  down  as  a  white 
precipitate.  This  deposition  is  frequently  brought  about  by  the  action  of  living  pLints 
(Book  III.  Part  IL  Sect  iii.  §  3).  Water  saturated  with  carbonic  acid  will  at  tho 
ftoering-point  disralve  0*70  gramme  and  at  10°  0.  0*88  gramme  of  calcium-carbonate 
per  litre.  Calcareous  springs  occur  abundantly  in  limestone  districts,  and  indeed  may 
be  looked  for  wherever  the  rocks  are  of  a  markedly  calcareous  character.  In  Eome 
leji^ioiu,  they  have  brouglit  up  such  enormous  quantities  of  lime  as  to  form  considerable 
bills  (|)off«a,  p.  341). 

Femi*finoH$  or  Chalybeate  Springs  contain  a  large  proportion  of  ferrous  sulphate 

(iion-Titriol,  copperas)  in  the  total  mineral  ingredients,  and  are  known  by  their  inky 

teste,  and  the  yellow,  brown,  or  red  ochry  deposit  along  their  channel.    Tliey  may  Ihj 

feqnently  observed  in  districts  where  beds  or  veins  of  pyritous  ironstone  occur,  or  wheni 

the  rocks  contain  much  iron-disulphide  in  combination,  particularly  in  the  waters  of 

4d  mines.     By  the  weathering  of  this  sulphide  (marcasitc),  so  abundantly  contained 

>aoDg  stratiiii'd  rocks,  ferrous  sulphate  is  produced  and  brought  to  the  Hiirface,  but  in 

IveKDce  of  carbonates,  particularly  of  tho  ubiquitous  car1)onate  of  lime,  is  decomposed, 

tbe  add  being  taken  up  by  the  alkaline  earth  or  alkali  and  the  iron  becoming  a  ferrouri 

drixnate,  which  rapidly  oxidizes  and  falls  as  the  familiar  yellow  or  brown  crust  of 

^nm  peroxide.     The  rapidity  with  which  ferrous-carbonate  is  thus  oxidized  and 

pncipitated  was  well  shown  by  Fresenius  in  tho  case  of  the  Langenschwalbach  chaly- 

^te  spring.    In  its  fresh  state  the  water  contains  in  1000  parts  0  * 37696  of  protoxide  of 

^   After  standing  twenty-four  hours  it  was  found  to  contain  only  87*7  per  cent,  of 

*J>«ori{;:inal  amount  of  iron ;  after  sixty  hoiu-s  62*9  per  cent.,  and  after  eighty-four  hours 

53*2  i«r  cent.' 

Srihe  Springt*  (Soolquellen)  bring  to  the  surface  a  solution  in  which  sodium 
^Uoridc  greatly  predominates.  Springs  of  this  kind  appear  where  beds  of  solid  rock- 
"■It  exist  underneath,  or  where  the  rocks  are  impregnated  with  tlie  mineral.  Most  of 
*w  brines  worked  as  sources  of  salt  are  derived  from  artificial  borings  into  saliferous 
^^  Thostt  of  (.'heshire  in  England,  tlie  Salzkammergut  in  Austria,  Bex  in 
S^itztrland,  A'c,  have  lonj?  bc-en  well  known.  Tliat  of  Clemenshall,  "Wiirtemberg, 
Mdu  upwards  of  2G  per  cent,  of  salt^i,  of  wliich  ahnoet  the  whole  is  chloride  of  sodium. 
*^  other  substances  contained  in  solution  in  the  water  of  brine  springs  are  chlorides 
'f  potassium,  magnesium,  and  calcium ;  sulphates  of  calcium,  and  less  frequently  of 
^riih.  {K>ta8sium,  magnesium,  barium,  strontium,  or  aluminium;  silica;  compounds  of 
*iine  and  fluorine ;  with  phosphates,  arseniates,  bonitcs,  nitrates,  organic  matter, 
'•Aon-dioxide,  sulphuretted  hydrogen,  marsh-gas,  and  nitrogen.' 

Urdicinal  Spring^y  a  vague  term  applied  to  mineral  springs  which  have  or  are 
'*lieved  to  have  curative  eflfects  in  difl'erent  diseases.  Medical  men  recognise  various 
•Nitics,  distinguished  by  the  particular  substance  most  conspicuous  in  each  variety  of 
^^t— Alkaline  iru/^-rK,  containing  lime  or  soda  and  carbonic  acid — Vichy  or  Saratoga ; 
^*Wer  WaUrttt  with  sulphate  of  magnesia  and  soda — Sedlitz,  Kissingen;  Salt  or 
*wia/«f  TKaAerx,  with  common  salt  as  the  leading  mineral  constituent — Wiesbaden, 
^Itenham;  Earthy  Wat^n^,  lime,  either  a  sulphate  or  carbonate,  being  the  most 
*wk<Hl  ingreilient — Bath,  Lu<'oa;   Sutphurous  Ua/'^rj*,  with  sulphur  as   sulphuretted 


'  Journal  fur  Prakt,  Chtm.  Ixiv.  368,  quoted  by  Roth,  op.  cii.  i.  p.  565.  The  river  in 
^bcVale  of  Ovoca,  Ireland,  contains  so  much  ferrous  sulphate,  carried  into  it  by  mine- 
^^ti,  that  its  be<l  and  banks  for  seveml  miles  down  to  the  sea  are  covered  with  an 
♦idi^ous  deposit. 

'  KotlL,  *Chem.  Geol.*  i.  p.  442.  Bitichof,  'Chem.  (iool.*  ii.  Many  subterranean 
•»tfcN.  thouj^h  not  deserving  the  name  of  brines,  contain  considenible  proportioUH  of 
cblofiiles.  Ou  the  ulkuline  chlorides  of  the  Coal-measures  see  R.  MulherlH-,  Bull.  Acnd, 
%  Belgique,  1875,  p.  16;  also  R.  Laloy,  Ann.  Soc.  GuA,  Nord,  1875,  p.  li»5. 
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hjdrogen  «nri  in  lolphiilu—Au-lft-Chapelle,  Hjirogaie.  Some  of  theae  mfl<liASi>^i 
•IffiDgB  are  thennal  wateis.  ETen  where  no  longer  wmnn,  the  water  may  havo 
Msqnired  ita  pecnlLir  medicinal  characten  at  a  great  depth,  and  therefore  nnderth^ 
infloence  of  increaaed  temperature  and  preaaoxe.  Solphnr  springs  are  aometimea  warm.  , 
bnt  also  occar  abundantly  oold,  where  the  water  rises  through  xocka  oontainin^ 
decomposing  salphidea  and  organic  matter.  Sulphates  are  there  flrrt  fotmed,  which  1k> 
the  reducing  effect  of  the  organic  matter  are  decomposed,  with  the  reaultant  formatic^ 
of  sulphuretted  hydrogen  (p.  65>i  Sulphuretted  hydrogen  and  sulphuioiu  acid  a^ 
sometimes  oxidized  into  sulphuric  acid,  which  remains  free  in  the  wmt^.* 

OU  Spring*. — Petroleum  is  aometimea  brought  up  in  drops  floating  in  spring-water 
^8t  Catherine's,  near  Edinburgh).    In  many  countries  it  comes  up  by  itself  or  mingletf 
with  inflammable  gases.    Beferenoe  has  already  (pp.  174,  218)  been  made  to  the  abtm. 
dance  of  this  product  in  North  America.    In  western  Pennsylvania,  aome  oil-wells  havo 
yielded  as  much  as  2000  to  3000  barrels  of  oU  per  day.    That  the  oil,  which  is  specistf/ 
confined  to  particular  layers  of  rock  in  the  Carboniferous  and  Devonian  systems,  oiue* 
from  the  alteration  of  organic  substances  embedded  in  the  rocks  of  the  crust,  can  hsitUj 
be  doubted,  but  no  satisfoctory  explanation  has  been  given  of  the  probable  nature  ud 
distribution  of  the  organisms  which  yielded  the  oil.' 

Results  of  the  Chemical  Actiou  of  U  ndergronud 
Water. — Three  remarkable  results  of  the  chemical  operations  of 
underground  water  are:  1st,  The  internal  composition  and  minute 
structure  of  rocks  are  altered.  2nd,  Enormous  quantities  of  minenl 
matter  are  carried  up  to  the  surface,  where  they  are  partly  deposited  in 
visible  form,  and  partly  conveyed  by  brooks  and  rivers  to  the  sea. 
3rd,  As  a  consequence  of  this  transport,  subterranean  tmmelB, 
passages,  caverns,  grottoes,  and  other  cavities  of  many  varied  shapes 
and  dimensions  are  formed. 

(1)  Alteration  of  Bocks. — The  processes  of  oxidation,  deoxidatiou,  siih- 
tion,  hydration  and  the  formation  of  carbonates,  described  (pp.  317-319)  as 
carried  on  above  ground  by  rain,  are  likewise  in  progress  on  a  great  scale 
underneath.     Since  the  permeability  of  subterranean  rocks  permits  water 
to  find  its  way  throiigh  their  pores  as  well  as  along  their  divisional 
planes,  chemical  changes,  of  a  kind  like  those  in  ordinary  weatheringt 
take  place  in  them,  and  at  some  depth  may  be  intensified  by  intoinal 
terrestrial  heat.     This  subterranean  alteration  of  rocks  may  consist  in 
the  mere  addition  of  substances  introduced  in  chemical  solution ;  in  the 
simple  solution  and  removal  of  some  one  or  more  constituents ;  or  in 
a  complex  process  of  removal  and  replacement,  wherein  the  original 
substance  of  a  rock  is  molecule  by  molecule  removed,  while  new  ingre- 
dients are  simidtaneously  or  afterwards  substituted.     In  tracing  these 
alterations  of  rocks,  the  study  of  pseudomorphs   becomes  imj^ortant, 
for  we  thereby  learn  what  was  the  original  composition  of  the  minenl 
or  rock.    The  mere  existence  of  a  pseudomorph  points  to  the  removal 
and  substitution  of  mineral  matter  by  permeating  water.^ 

*  Koth,  op.  cit.  i.  pp.  444,  452.  *  Soo  the  authorities  cited  anU:,  p.  219. 

'  It  is  not  needful  to  take  account  here  of  such  exceptioual  cases  as  the  artificial 
convuTdion  of  aragonito  into  calcito  by  exposure  to  a  high  temperature.  In  such 
paramorphs  the  change  is  a  molecular  or  crystalline  ruther  than  a  chemical  one,  though 
how  it  takes  place  is  still  unknown.  Pseudomorphs  may  be  artificially  formed. 
Crystals  of  atacamite  (Cu^O.GL  +  4  H.O)  phiced  in  a  solution  of  bicarbonate  of  soda  are 
completely  changed  into  nuuaohite  in  four  yeara.  ^Tschermak's  Jfm.  MUth,  1877,  p.  97> 
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The  extent  to  which  such  minoml  replacement  lias  becu  carried 
among  rocks  of  the  moat  varied  Btrueture  and  compoaition  is  probably 
beet  ^wn  hf  the  abundant  petrified  organic  forma  in  formations  of  all 
gndt^oal  agea.  The  minuteat  Btructuros  of  plants  and  animala  have 
lean,  particle  by  particle,  removed  and  replaced  by  mineral  matter 
introduced  in  solution,  and  thia  bo  imperceptibly,  and  yet  thoroughly, 
that  even  minntiaa  of  organization,  requiring  a  high  power  of  tho 
nuGiasoope  ibr  their  investigation,  liavc  been  preserved  without  dis- 
toiti(»i  or  diaarrangement.  From  thia  perfect  condition  of  preservation, 
endations  may  be  traced  until  the  organic  atnicture  ia  gradually  lost 
laid  the  cr^'Stalline  or  amorphous  infiltrated  aubetanco  (Fig.  99).  Tho 
iMrt  important  petrifying  media  in  nature  are  calcium -carbonate,  ailica, 
ud  iion-difiulphide  (marcasito  more  uanally  than  pyrite).    (See  Book  V.) 

Another  proof  of  the  alteration  which  rocka  have  aufibrcd  from 
penneatiug  water  ia  supplied  by  tho  abundance  of  veins  of  calcitc  and 
qurta  by  which  they  are  traversed, 
thoe  minerals  having  been  introduced 
in  solution  and  often  from  the  dccom- 
poutiun  of  the  enclosing  rock.  Aa 
Biichof  pointed  out,  a  drop  of  acid 
Kldom  fails  to  give  effervescence  on 
pUoca  of  rock,  composed  of  silicates, 
^liich  have  been  taken  even  at  BOme 
little  depth  from  the  enrfacc,  thus  in- 
kling the  decompoaition  and  deposit 
Wnacd  by  permeating  water.  As  al- 
'<«ly  stated,  one  of  tho  most  remark- 
•We  tvaults  of  tho  application  of  the 

OiwoBcoiw  to  geological  inquiry  ia  the  ^.^  j,_j,^^„  „,^  ^^^  ,„^  uunniJu  id 
Extent  to  which  it  hfui  revealed  theue       fIiowihr  iiuru  pcirnti}-  ytarn-na  hki  i»ru 

fell  1.  ii        J.-  -  1     X         iK'RtniyoJby  cryrttailiiALloD  of  colcltc.    Mu. 

*U-per\'ading  alterations,  even  m  wliat       laasi  lodiiliuciera. 
Xii^t    be    supposed    to   be    perfectly 

^Kdi  rocks.  Among  tho  silicates,  the  must  varied  and  complex 
Uteichanges  have  been  effected.  Besides  the  production  of  calcium 
ttrbonate  by  the  decomposition  of  such  mtuerala  aa  tho  lime- fcln para, 
(Ik  acriea  of  hydrous  green  ferruginous  silicates  (delessite,  aaponitc, 
<^rite,  serpentine,  &c.},  so  commonly  met  witli  in  crystalline  rocks,  are 
Unally  witneaaca  of  tho  influence  of  infiltrating  water.  The  changca 
liable  in  olivine  (p.  156)  offer  instructive  lessoua  on  the  progress  of 
buisformatiun.  One  further  example  may  be  cited  as  supplied  by 
th«  zeolites,  so  common  in  cavities  and  veins  among  many  anoieut 
Xtltanic  and  other  crj-atallino  rocks.  These  have  commonly  rcBulted 
from  the  decomposition  of  fulspara  or  allied  niineralB.  Their  modo  of 
fonnation  is  indicated  by  the  oljservatiou  already  cittxl  (p.  283),  tliut 
Unun  maHOury  at  the  Itatha  of  I'lombiures  has  in  the  course  of  centuries 
Iweu  BU  deoompOMud  by  the  slow  percolation  of  alkaline  water  at  a 
lisipenttm  not  exceeding  50°  C.  (122'  Fuhr.)  under  oi'dimiry  utmo- 
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[phhrif;  priwi'ir-:,  thai  ViiriuUo  ztolitL-  flilic-atcs  luTt  b««:a  dtrTcltiped  i 
th.-;  l,rir;k.' 

'  -J.  I  Chi  m^rnl  I'-^xftd.— Of  thoe  I'V  tar  the  m<«i  abimdiint  is  cslda 
I  nrV^.rmt.-.  Th-  wav  iu  which  this  Hutwt&Di.'e  i&  rtmoTcl  uid  i 
fl-'I».!iit'.il  I'V  jp'-rmeatinfj  wat«r  can  f*:  instmctiTfely  stri'lie'i  in  the  fc 
iii^ti'.n  'if  th>:  i»juili»T  »laliirlilrt  aivl  ^iilihjmilin  tj^neath  damp  archei»«: 
in lim';Mt"iif  carwti'p.  Hi';-  As tach drop  ;r«th<^rs  ••n  the  nxf  and  l«gi 
tfi  irvafifirjite  itnd  !'■«•:  oarbi^nic  nciil,  the  exoeee  of  carb-nate  which  it  n 
ri'>  l'>ii;.";r  prtitin  bi  dt:pofiite>l  r>jund  it«  edgts  ^is  u  rin:;.  Dp  -p  i»ni?t.'eediii 
'1i''']i.  th*-  firiginfil  ring  grows  intv  a  I'lng  [•riii1>:ut  tnhv,  which,  by  inileE 
riii':iit  'Icprmit  inni'lo,  hnyimtK  n  bkU'I  tttalk.  and  uu  reaching  the  Hup: 
iiiay  thi';k<:n  into  »  mawive  pUlar.  At  first  the  (jalcaron^  Knbstanor  ii 
Hift  and,  wh«n  drj',  pnlvemlent,  hut  it  bw.nutts  bj-  degrees  cn-stalliBi-. 
VMnh  stak'.'tit';  is  found  to  p'wtiCMi  an  intemul  ra>iiatiu;:  fihn:>iu  stmrtBre, 
tlir;  flIiroH  I'prihinH)  paHhing  acroxs  the  cuncentri-.'  z>.ines  of  •|;r<>wth.  Tbe 
stalactite  remains  iMtnnteil  with  cal- 
carei.ins  water,  and  the  divergeDt  pnan 
are  developed  ami  continiioil  si  ndu 
froro  the  centre  i.f  the  eUlk.  Thii 
pr*xe»(  may  K-  ('MiiipK't>.-rl  wUhia  i 
sli'jrt  i«.rioil.  At  the  North  Bridge. 
Edinbur};h,  for  example,  wliicli  ww 
erect<-<l  in  1772,  stalactites  ntre  cb- 
tuined  in  1374,  s"ime  '^f  which  momtnrc 
an  inch  and  u-hulf  in  dt;tn]ct«T  and 
]>osii(-si<  the  cliaractt'Hstic  railiBting 
Ktructiire.-  It  ta  doiihtlesH  by  »" 
aiialr^iiiri  pnx-esB  that  liuitstom* 
•  inginnllv  c-i.mpoBcd  i>f  the  dihris  u 

Hr.  juii.— hMlhmrf'ii  part  I.f  t  sill*  til".  ,  '.  .  ■    .       ,     i-c„ 

M-piin-"!  IV  oLiwim.  ealcarcouij  urj^aiiisms  uud  interBtratine* 

Hitiong  perfectly  uualtereil  shales  u>' 
MtiiilstonrrH,  liavri  aetjuired  a  crystalline  structure.^ 

Somo  uih.'iire'jnit  Bprings  dcjioBit  ahnndautly  a  prccijiitate  uf  <X 
hoiiuto  of  liiiio  upon  inosites,  twigs,  leaves,  stones  and  other  olijed 
Thi)  ]>n;cipitittiT  takes  place  when  from  any  cause  the  water  i>arts  wil 
f-itrlxniic  iK-id.  This  may  ariso  fn^m  mere  evaporation,  hut  is  frequent 
duo  b)  Uio  action  of  Img-niossot  and  water-plants,  which,  decompotdi 
the  ciirlxtnic  acid,  causo  a  cmet  of  caTl)onatti  of  Hunt  to  lx(  deposit 
niiiiul  their  stems  and  branches  (ponlen,  p.  446),  Henc«  cali-an-a 
H|iring8  uie  jiopiilarly  culled  "petrifying,"  though  tiny  niercdy  cncn 
orijHiiio  IxNlieH,  and  do  not  convert  them    into  ntone.      Calc-sinter 


Dtiil.ref, ' <i(.H>logi('  Kipi'rimcntatR.'  ITli  <'(  » 

mi.  ....  ..»  I -.  ^_  tiuj  ingleborough  t    _.  „     ,„„ 

century  (Boyil  Duwltins,  Brit.  Aaioc.  ISStP,  m^^ibi.  p.  S: 


'  Tbo  rate  of  d^wait  in  tUo  Ingleborough  C"TC  is  stuted  in  be    -StMi;   iotli 
iinuun.  or  about  21  feot  in  ii  century  (Boyil  Dunk'       -  ■      ■ 


ispiulaUyBO  exosf^oiialljr  npiil  ^wlli. 

8gty,  Aadw  to  Goologic&I  8ociety,Q.  J.  Otiil.  .Svr.  laTJ,  |i.  4'i,  it  itq.    'I 

'ttSSLSu"*"™  *™''   k'  '''"'J;;'**V"'J  ""'^"^  *''*'  iaien»coi«  viitli  (i^uriKcd  U 


way  tfarnugh  tlie  bnniU  of  gnrnlh  of  pebblt 
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inOy  as  this  precipitate  is  called,  may  be  found  in  course  of 
ion  in  most  limestone  districts,  sometimes  in  masses  large  enough 
t  hills,  and  compact  enough  to  furnish  excellent  building  stone. 
ivertine  of  Tuscany  is  deposited  at  the  Baths  of  San  Vignone  at 
3  of  six  inches  a  year,  at  San  Filippo  one  foot  in  four  months, 
latter  locality  it  has  been  piled  up  to  a  depth  of  at  least  250  feet, 
I  a  hill  a  mile  and  a  quarter  long  and  a  third  of  a  mile  broad.  ^ 
dybeate  springs  give  rise  to  a  deposit  of  hydrous  peroxide  of  iron. 
IS  already  been  referred  to  as  a  yellow  and  reddish-brown  deposit 
the  channels  of  the  water.     Some  acidulous  springs,  like  those 

Laacher  See,  deposit  large  quantities  of  ochre.  In  undrained 
a  of  temperate  latitudes  in  Northern  Europe  and  America,  much 
also  deposited  beneath  soil  which  rests  on  a  retentive  subsoil. 
the  descending  water  is  arrested  on  this  subsoil,  the  iron,  in 
a  as  organic  salts  that  oxidize  into  ferrous  carbonate,  is 
Uy  converted  into  the  insoluble  hydrous  ferric  oxide,  which  is 
tated  and  forms  a  dark  ferruginous  layer,  known  to  Scottish 
s  as  "  moorband  pan."  So  effectually  does  this  layer  interrupt 
tinage  that  the  soil  remains  permanently  damp  and  unfertile, 
len  the  **  pan  "  is  broken  up  and  spread  over  the  surface  it  quickly 
grates,  and  improves  the  soil,  which  can  then  be  properly  drained 
p  p.  447). 

Lceous  springs  form  important  masses  of  sinter  round  the  point  of 
T,  The  basins  and  funnels  of  geysers  have  already  been  described 
I).  One  of  the  sinter-beds  in  the  Iceland  gejser  region  is  said 
wo  leagues  long,  a  quarter  of  a  league  wide,  and  a  hundred  feet 
Enormous  ))ed8  of  similar  material  have  been  formed  in 
ellowstone  geyser  region.  Such  accumulations  usually  point 
ximity  to  former  volcanic  centres,  and  are  formed  during  one 
latest  phases  of  volcanic  action. 

Formation  of  subterranean  channels  and  caverns, — Measurement  of 
arly  amount  of  mineral  matter  brought  up  to  tho  surface  by  a 
,  furnishes  an  approximate  idea  of  the  extent  to  which  underground 
indergo  continual  loss  of  substance.  The  warm  springs  of  Bath, 
imple,  with  a  mean  temperature  of  120°  Fahr.,  are  impregnated 
ulphates  of  lime  and  soda,  and  chlorides  of  sodium  and  magnesium. 

n    "RATnaA-V  Aafima+Afl    iliAir   anmiftl    rli ftp.liA.rtr ft   of  miTiftral    matter 
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fcilomctro  (O'SSttl  aqimro  mile)  in  extent,  more  than   16  decin 
(upwards  of  five  feet)  in  a  centniy.' 

By  prolonged  abntraction  of  thid  nntnro,  anbterranoan  to: 
channels,  and  caverns  have  been  formed.  In  regions  abonndii 
rock-fialt  depositH,  the  result  of  the  aolution  and  removal  of  the 
undergronnd  water  is  visible  in  local  sinkings  of  the  ground  an 
consequent  formation  of  pools  and  lakc^a.  The  landslips  and  me' 
GheHhire  arc  illustrations  of  this  process.  In  calcareous  diff 
however,  more  striking  effects  are  olmcrvalile.  The  ground  may 
ho  found  drilled  with  vertical  cavities  (nrallow-holet,  finkt,  doUnai 
the  solution  of  tho  rock  along  lines  of  joint  that  serve  as  t^nnc' 
descending  rain-water.  The  line  of  outcrop  of  a  limes  tone-band,  a 
non-ca]careous  strata,  may  often  lie  traced,  even  under  a  coverii 
superficial  deposits,  by  its  row  of  swallow-holes.  Surface-drainage 
intercepted,  passes  at  onco  underground,  where,  in  course  of  tin 
f  Ifthoratc  system  of  spacious  tunnels  and  chambora  may  be  dissolve 


1 1,  A  1  luiH limp  hill.  pirrQUtnl  lijuavfrn  (hbjwhirh  cnrnmanLMlitwllli  Ihe  vi]1»r  (»)  bj- Ml  opn 
ThF  buttnm  of  thr  nrpm  Ik  corrnd  slth  cwlfmiai  loun,  tbove  which  1[M  1  tijvT  at  italiipKl 
uhlLo  aUlKtlln  hinn  ftnm  the  roof,  jLBd  by  Joining  Ihi-  Hoot  ivpinlc  tbc  nnm  Into  two  eh*H» 

of  tlio  Bolid  rock.  Such  has  been  tho  origin  of  tho  Peak  cav^ 
Derbyshire,  the  intricate  grottoes  of  Antiparoa  and  Adelsbei^g,  e^^ 
vaet  lahj-rinths  of  tho  Hammoth  Cave  of  Kentnoky.'  In  the  0^^ 
time,  the  underground  rivers  open  out  new  oouneci,  and  leave  fc^ 
onea  dry,  as  the  Poik  has  done  at  Adelaberg.  By  the  falling  *^^ 
roofs  of  caverns,  a  oommnnioation  is  established  with  the  snr^. 
land-shells  and  land-animala  fall  into  the  holes,  or  the  cavern^  ' 
tiB  dens  by  beasts  of  prey,  no  that  tho  remains  of  termtiial  ^^^ 
preBcr\-ed  under  the  Btalagmite.  X"(  unfrequently  oavent^  ^^' 
and  freely  iih.l    .     '  i  r> ,   iml  ihdr  entx>^  ' 

l.y:thf  fall  of  1  .  iK.fx'dlso  the  par-y^^T 

of  a  cavern  ( -r  -,.>oii.     Wliere  th^^^»] 

cavern  roof  i.l,.  unG,  tho  stream  iB  « 

'  F,.  no.-lii.- 
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tiiiM  way,  farooksand  riven  suddenly  disappear  from  the  surface,  and  after 

a  IcDg  subterranean  course,  issue  again  in  a  totally  different  surface-area 

o£  river-drainage  from  that  in  which  they  took  tlieir  rise,  and  some- 

-times  with  volume  enough  to  be  navigable  almost  up  to  their  outflow. 

Xn   such  circumstances,  lakes,  either  temporary,  like  the  Lake  Zirknitz 

in  Gamiola,  or  perennial,  may  be  foimed  over  the  sites  of  the  broken-iu 

caverns ;  and  valleys  may  thus  be  deepened,  or  perhaps  even  formed. 

Itlnd,  sand,  and  gravel,  with  the  remains  of  plants  and  animals,  are 

BTwept  below  ground,  and  sometimes  accumulate  in  deposits  of  loam  and 

l3Teccia,  suoh  as  are  so  often  found  in  ossiferous  caverns  (Figs.  101, 102). 

As  from  time  to  time  the  roofs  of  underground  chambers,  weakened  by 

the  constant  abstraction  of  mineral  matter,  collapse,  or  large  portions 

are  detached  from  them  and  fall  on  the  floors  below,  sudden  shocks  are 

generated  whicb  are  felt  above  ground  as  earthquakes.     In  subsiding 

to  fill  up  hollows  from  which  the  rock  has  been  removed  in  solution,  the 

overlying  strata  may  be  greatly  contorted  and  fractured ;  but  of  course 

those  underneath  will  remain  undisturbed. 


Fig.  102.— Sectlnn  of  a  Umivtone  Cavern  with  fallcn-In  roof  and  concealed  entrance  (B.). 

2.  Mechanical  Action. — In  its  passage  along  fissures  and  channels, 
•^^derground   water  not  merely   dissolves  and   removes  materials    in 
*^^"^tion,  it  likewise  loosens  finer  particles  and  carries  them  along  in 
''^^^hanical  suspension.     This  removal  of  material  sometimes  proilnces 
'^^arkable  surface-changes  along  the  sides  of  steep  slopes  or  cliffs.     A 
^iu  porous  layer,  such  as  loose  sand  or  ill-compacted  sandstone,  lying 
*^tween  more  impervious  rocks,  such  as  masses  of  clay  or  limestone,  and 
**opiug  down  from  higher  ground,  so  as  to  come  out  to  the  surface  near 
*^^  base  of  a  line  of  abrupt  cliff,  serves  as  a  channel  for  underground 
^^^ter  which  issues  in  springs  or  in  a  more  general  oozing  at  the  foot  of 
^'^e  declivity.     Under  these  circumstances  the  support  of  the  overling 
^^88  of  rock  is  apt  to  be  loosened ;  for  the  water  not  only  removes  piece- 
meal the  sandy  layer  on  which  that  ovorljnng  mass  rosts,  but,  as  it  were, 
"iliricates  the  rock  underneath.     Consequently,  at  intervals,  portions 
^^  the  upper  rock  break  off  and  slide  down  into  the  valley   or  plain 
V'low.    Such  dislocations  are  known  as  landslips,^     The  movement  may 

'  Bdtzep,  in  his  work  •*  Ueber  Borgsturze  in  den  Alpen  **  (Zurich,  1875).  classifies 

^J»«8  Undslipe  into  four  categoricB,  viz.,  let,  Rock-falls  (Felsstiirze) ;  2nd.  Earth-slips 

(^nUchliffe);  3rd,  Mud-streams  (SchlammBtrorae).  where  soft  strata  saturated  with 

^*^i  are  crushed  by  the  weight  of  overlying  rock  and  move  down  in  mass,  like  lava ; 

«h,  Mixed  falls  (gcmischtc  SUirze),  whore,  as  in  most  inshmces,  rock,  earth  and  mud  arc 


\ 
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be  gnwlnftl,  kh  in  the  case  of  the  Beo  Rouge  in  the  Tarentftise,  where  -tlo 
Hide  of  the  moniitnin  is  nlowly  overwhelming  the  village  of  Miroir,*  €z»i7  it 
may  lie  fludilen  an<l  diiWHtroua. 


Along  i^n-crautaEir.iI  river  Ta11eyi,iit  tliebalN:  ordiffBBtlbject  to  continniil 
reniural  or  niHttrial  by  ninniug  water,  tlie  pheoomena  of  Inndalipi 
cooat  line  of  the  British  Idlimdii  abounds  with  iiutru::tivi)  exnmpIcB.    On  the  thorea 

DoiBt-fuhirc,  lor  iiutmcu  (Fig.  10-1),  impcrvimia  Liwftic  olaj-a  (a)  are  oTerlniu  by  , ^^  . 

greeniuiDd   (6),  nbnye  which  lies   chalk  Itf  ^*^  -*••  J* 

capped  with  gravel  (^    In  coDseqaenoe  i^-^^K^I 

the  percolation  of  wntcr  throDgh  the 

xoiia  (Ji),  tho  support  of  tho  orerljing 

in  dcatroycd,  and  hence,  ttota  time  to 

urgmeDts  ore  luuncbed.  down  towatdi  the 

In  this  way,  a  confused  medley  of  zoom 

and  hullowe  (/)  roriuB  a  chuacteristic  Btrij 

(if  ground  tenued  tbc  "  Undercliff " 

aud  other  parts  of  the  Englith  oooiti 

recession  of  the  upper  or  inland  oliff  i 

Inunelicd  down  tlic  ilcolivities.     Jlore  recently  he  hot  offered  auotlier  claMificution  o. 
londxlipti,  according  to  the  dimcnaiuns  of  tlie  nrass  moved  and  the  aolid  or  mnddv' 
condition  of  (he  material,    Nearr  Jakrh.  1880  (ii.)  p.  198.    See  A.  Rothpletz.  ZeUtk  ^^ 
DariKh.  Gfol.  Gr».  1881,  p.  TAO ;  also  op.  eit.  1882,  pp.  430, 435.     E.  Buss  uid  A.  Heiai     *■ 
.n..i. , ^,..^,  2uri«h,  ir-* 


ly,  LjDW-ficgU  {H.). 


'DerBergstur 


'  U  U.ffn-11.  ShU.  Sot.  G-'-ol  Fra^ 


1.(1877)  p.  47. 
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the  opemtioa  of  iipriags  is  here  more  rapid  thau  that  of  the  lower  cliff  (</)  washed  by 

the  aea.'    In  the  year  1839,  after  a  season  of  wet  weather,  a  mass  of  chalk  on  the  same 

€XMut  slipped  OTer  a  bed  of  clay  into  the  sea,  leaving  a  rent  three-quarters  of  a  mile 

long,  150  feet  deep,  and  240  feet  wide.    The  shifted  mass,  bearing  with  it  houses,  roads, 

and  fields,  was  cracked,  broken,  and  tilted  in  various  directions,  and  was  tlnis  prepared 

for  further  attack  and  removal  by  the  waves.^    Of  the  antiquity  of  many  landslips, 

interesting  proof  is  supplied  by  the  ancient  buildings  occasionally  to  be  seen  upon  the 

fallen  masses.    There  would  seem,  in  these  cases,  to  have  been  comparatively  little 

»ltdttion  of  the  scenery  for  many  centuries.    The  undcrclifT  of  the  Isle  of  Wight,  the 

elifla  west  of  Brandon  Head,  county  Kerry,  the  basalt  escarpments  of  Antrim,  and  the 

edijes  oi  the  great  volcanic  plateau  of  Mull,  Skye,  and  Raasay,  furnish  illustrations 

of  such  old  and  prehistoric  landslips. 

On  a  more  imposlDg  scale,  and  interesting  from  its  melauolioly  circumstances  being 
■o    well  known,  was  the  celebrated  fall  of  the  Ross- 
bevg,  a  monntain  (a,  Fig.  105)  situated  behind  the 
Rigi  in  Switzerland,  rising  to  a  height  of  more  than 
5OO0  feet  above  the  sea.    After  the  rainy  summer  of 
1 806,  a  large  part  of  one  side  of  the  mountain,  con- 
BistiDg  of  steeply  sloping  beds  of  bard  red  sandstone       ^p^^-^ 
and  conglomerate  (fr),  resting  upon  soft  sandy  layera  c 

Cc  €\  gave  way.  The  lubrication  of  the  lower  surface   y,^  los.-Section  illustrating  the  Fall 
l>y  the  water  having  loosened  the  cohesion  of  the  of  tbe  R(»swberg. 

oveilying  mass,  thousands  of  tons  of  solid  rock,  set 

loose  by  mere  gravitation,  suddenly  swept  across  the  valley  of  Goldau  (f?),  burying 
ahoQt  a  square  German  mile  of  fertile  laud,  four  villages  containing  330  cottages 
and  outhousee,  with  457  inhabitants.*  In  1855  a  mass  of  debris,  3500  feet  long,  1000 
^'^t  wide,  and  600  feet  high,  slid  into  the  valley  of  the  Tiber,  which,  dammed  back 
^y  the  obstruction,  overflowed  the  village  of  San  Stcfano  to  a  depth  of  50  feet,  until 
^^''^ne*!  oiT  by  a  tunnel. 

§   3.   Brooks   and    River k. 

These  will  be  considered  nnder  four  aspects: — (1)  their  sources  of 
"^^Pply,  (2)  their  discharge,  (3)  their  flow,  and  (4)  tlieir  geologiciil 
*^^tioii. 

1.    Sources  of  Supply. — Rivers,  as  the  natural  drains  of  a  land- 

^'"face,  carry  out  to  sea  the  surplus  water  after  evaporation,  together 

*th   a  vast    amount  of   material   worn   off  the   land.     Their  li([uid 

^^^tents  are  derived  partly  from  rain  (including  mist  and  dew)  and 

^^Ited   snow,  partly  from  springs.     In   a  vast  river-system,  like  that 

the  Mississippi,  where  the  area  of  drainage  is  so  extensive  as  to 

race   different  climates   and   varieties   of  rainfall,    the   amount    of 

^'^^^cliarge,  being  in  a  great   measure   independent  of  local  influences 

^*      weather,    remains    tolerably    uniform,   or    is    subject    to    regular 

P^rtodically-recurrent  variations.      In    smaller  rivers,   such    as    those 

^*     Britain,   whose   basins  lie   in   a   region   having   the   same   general 

*^txire8  of  climate,  the   quantity   of  water  is  regulated  by  the  local 

^  De  U  Beche,  *  (Jeol.  Observer,*  p.  22. 
.    *  Conybeare  and  Buekland's  ^Axmouth  Landslip,'  London,  1S40.     Lyell,  *Prin- 
^Ples,'  I  p.  536. 

.  *  Zay,  *  Qoldau  und  seine  Gegend.*  A  8mall  landslip  took  place  at  the  same 
locality  m  An^t,  1874.  Baltzer,  Neues  Jahrh,  1875,  p.  15.  Upwards  of  150  destruc- 
"^^  laodslipB  have  been  chronicled  in  Switzerland.    Riedl,  Neues  Jahrh.  1877,  p.  910. 
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)^mfall.  A  wet  season  swells  the  streams,  a  dry  ono  dimlnifll] 
them.  Hence,  in  estimating  and  comparing  the  geological  work  do 
by  different  rivers,  we  must  take  into  account  whetiier  or  net  t 
tiottrces  of  supply  are  liable  to  occasional  great  augmentation 
diminution.  In  some  rivers,  there  is  a  mofe  or  less  regularly  recorrii 
season  of  flood  followed  by  one  of  drought.  The  Nile,  fed  by  the  Bpri 
rains  of  Abyssinia,  floods  the  plains  of  Egypt  every  summer,  tising 
Upper  Egypt  from  30  to  35  feet,  at  Cairo  23  to  24  feet^  and  in  t 
seaward  part  of  the  delta  about  4  feet.  The  Ganges  and  its  adjmu 
begin  to  rise  every  April,  and  continue  doing  so  until  the  plains  fl 
converted  into  a  vast  lake  32  feet  deep.  In  other  rivers,  sudden  a 
heavy  rains,  occurring  at  irregular  intervals,  swell  the  usual  volmne 
water  and  give  rise  to  floods,  freshets  or  "  spates."  This  is  marked 
the  case  witJi  the  rivers  of  Western  Europe.  Thus  the  Bhone  sometin: 
rises  11^  feet  at  Lyons  and  23  feet  at  Avignon;  the  Sadne  from  20 
24J^  feet.  In  the  middle  of  March  1876,  the  Seine  rose  20  feet  at  Paris,  t 
Oise  17  feet  near  Compi^gne,  the  Mame  14  feet  at  Damery.  The  Ard^ 
at  Goumier  exceeded  a  rise  of  69  feet  during  the  inundations  of  182 
The  causes  of  floods,  not  only  as  regards  meteorological  conditionB,  b 
in  respect  to  the  geological  structure  of  the  ground,  merit  the  carei 
attention  of  the  geological  student.  Ho  may  occasionally  observe  th) 
other  things  being  equal,  the  volume  of  a  flood  is  less  in  proportion 
the  permeability  of  a  hydrographic  basin,  and  the  consequent  ease  wi 
wliich  rain  can  sink  beneath  the  surface. 

Wore  rivers  entirely  dependent  upon  direct  supplies  of  rain,  th 
would  only  flow  in  rainy  seasons  and  disappear  in  drought.  This  d< 
not  happen,  however,  because  they  derive  much  of  their  water  i 
directly  from  rain,  but  indirectly  through  the  intermediate  agency 
springs.  Hence  they  continue  to  flow  even  in  very  dry  weath 
because,  though  the  superficial  supplies  have  been  exhausted,  1 
underground  sources  still  continue  available.  In  a  long  drought,  1 
latter  begin  at  length  to  fail,  the  surface  springs  ceasing  first,  a 
gradually  drying  up  in  their  order  of  depth,  until  at  last  only  de< 
seated  springs  furnish  a  perhaps  daily  diminishing  quantity  of  wal 
Though  it  is  a  matter  of  great  economic  as  well  as  scientific  interest 
know  how  long  any  river  would  continue  to  yield  a  certain  amount 
water  during  a  prolonged  drought,  no  rule  seems  possible  for  a  genera 
applicable  calculation,  every  area  having  its  own  peculiaritieB 
underground  drainage,  and  varying  greatly  from  year  to  year  in  1 
amount  of  rain  which  is  absorbed.  The  river  Wandle,  for  instan 
drains  an  area  of  51  square  miles  of  the  Chalk  Downs  in  the  south-e 
of  England.  For  eighteen  months,  from  May  1858  to  October  1859, 
tested  by  gauging,  there  was  very  little  absorption  of  rainfall  over  1 
drainage  basin,  and  yet  the  minimum  recorded  flow  of  the  Wandle  v 
10,000,000  gallons  a  day,  which  represents  not  more  than  '4090  inch 

*  For  a  graphic  account  of  the  behaviour  of  rivers  swollen  by  a  rapid  and  hei 
rainfall,  see  Sir  Thomas  Dick  LAuder's  *  Morayshire  Floods.' 
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■Dresden  is  said  to  havo  been  perceptibly  diininislied,  and  in  the  Ehinc 
tho  low-water  level  has  been  lowered,  and  tlie  floods  have  been 
augmented.^ 

3.  Flow. — While,  in  obedience  to  the  law  of  gravitation,  a  river 
al^vvays  flows  from  higher  to  lower  levels,  great  variations  in  the  rate 
autl  character  of  its  motion  are  caused  by  inequalities  in  the  angle  of 
nlope   of   its    channel.     A    vertical   or  steeply  inclined    face   of  rock 
originates  a  waterfall ;  a  rocky  declivity  in  the  channel  gives  rise  to 
rApids;  a  flat  plain  allows  the  stream  to  linger  with  a  scarcely  visible 
cixirent;  while  a  lake  renders  the  flow  nearly  or  altogether  imper- 
ceptible.    Thus  the  rate  of  flow  is  regulated  in  the  main  by  the  angle 
of  4  inclination  and  form  of  the  channel,  but  partly  also  by  the  volume 
t>F    water,  an  increase  of  volume  in  a  narrow  channel  increasing   the 
rc&t^e  of  motion  even  without  an  increase  of  slope.''' 

The  oourso  of  a  great  river  may  be  divided   into  tlin;<5  parts: — 
I  •     The  Mountain  Track, — where,  amidst  clouds  or  snows,  it  takf^s  its  rise 
a  mere  brook,   and,   fed  by  innumerable  similar  torr(;ntM,  ihwlwH 
[)idly  down  the  steep  sides  of  the  mountains,  leaping  fn^m  (;rag  to  crag 
endless  cascades,  and  growing  every   moment  in   volume,- until    it 
CMiters  lower   ground.      2.    The    Valhy    Track, — The   river   now   flows 
tli^xough  lower  hiUs  or  undulations,  and  is  found  at  one  time  in  a  wid<3 
f<t^xtile  valley,   then   in  a  dark   gorge,   now   falling   headlong   into  a 
c^^^'taract,  now  expanding  into  a  broad  lake.     This  is  the   part   of  its 
C4;^xeer  where  it  assumes  the  most  varied  aspects,  and  receives  the  largc-st 
tt-ibutaries.    3.  Tlte  Plain  Track, — Having  quitted  tlie  undulating  region, 
til. driver  finally  emerges  upon  broad  plains,  probably  wholly  or  in  great 
-rt  composed   of  alluvial   fonnations   deposited   by  its   own   waters, 
ere  winding  sluggishly  in  wide  curves,  it  may  eventually  bifurcate,  as 
*"t    approaches  the  sea  and  spreads  through  its  delta,  enclosing  tracts  of 
*^^t  meadow  or  marsh,  and  finally,  amid  banks  of  mud  and  sand,  passing 
^^t  into  the  great  ocean.     In  Europe,  the  Khine,  Khonc,  and  Danube ; 
^^^  Asia  the  Ganges  and  Indus ;  in  America  the  Mississippi  and  Ama- 
zon; in  Africa  the  Nile  and  Niger  illustrate  this  typical  course  of  a 
Si^t  river. 

If  wo  draw  a  longitudinal  section  of  the  course  of  any  such  river 
**X>nx  its  source,  or  from  the  highest  peaks  around  that  source,  to  its 
^outh  at  the  sea,  we  find  that  the  line  at  first  curves  steeply  from  the 
fountain  crests  down  into  the  valleys,  but  grows  less  and  less  inclined 
^*Ux)ugh  the  middle  portion,  until  it  finally  can  hardly  be  distinguished 
^^"oua  a  horizontal  line.  Though  chanicteristic  of  great  rivers,  this 
*^ture  is  not  confined  to  their  coui-ses,  but  belongs  t<j  the  architecture 
^f  the  continents. 

It  is  evident  that  a  river  must  flow,  on  the  whole,  fastest  in  the  first 
l*Oriion  of  its  course,  and  slowest  in  the  hist.     The  common  motho<l  of 

'  Beport  of  (Auutrian)  Committee  on  Dimiuutioii  of  Water  in  Spring^f^^Kivcrfe. 
'*'or-.  ImI.  Civ,  Enginteris,  xlii.  (1875)  p.  271. 

^  Bee  A  Tylor  on  the  Laws  of  Kiver-action,  Geol.  May.  1875,  p. 
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per  s<|uaro  iiiilo,  equal  to  a  depth  of  7-31  inches  of  rainfall  run  oflf^,  ^ 
lesH  than  a  third  of  the  total  rainfall.  The  most  carefully  collected  A^c^ta 
at  present  available  are  probably  those  given  by  Humphreys  and  AI^^^^^^q^ 
fur  tlio  basin  of  the  Mississippi  and  its  tributaries,  as  shown  in  ^^he 
subjoined  table:  ^  — 

Ratio  of  Drainage 
to  Rainfiill. 

Ohio  River 0-24 

MiHsouri  River        .  .  .         .     0'15 

Upper  Misflimippi  Kiyer  .         .....     0*24 

Small  tributorieg 0*90 

ArkanBOH  and  White  River  .0*15 

Red  River 0*20 

Yazoo  River 0-90 

St.  Francis  Rivor 0*90 

Entire  MiHsi&sippi,  cxoludive  of  Re<l  River         .         .     0*25 


In  the  Mississippi  basin,  one  fourth  of  the  rainfall  is  thus  diBcharg^^^^ 
into  the  sea.     The  Elbe,  from  the  beginning  of  July  1871  to  the  end         ^^ 
June  1872,  was  estimated  to  earry  off  at  most  a  quarter  of  the  rainfa 
from  Bohemia.^     The  Seine  at  Paris  appears  to  carry  off  about  a  third 
the  rainfall.     In  Great  Britain  from  a  fourth  to  a  third  part  of  the  rail 
l^iU  is  i)erhaps  carried  out  to  sea  by  streams.^ 

In  comparing  also  the  discharges  of  different  rivers,  regard  should  _ 
paid  to  the  influence  of  geological  structure,  and  particularly  of  th»  -^^  # 
permcal>ility  or  impermeability  of  the  r<x;ks,  as  regulating  the  supply  o^^^, 
water  to  the  rivers.  Thus  the  Thames,  from  a  catchment  basin  of  367^  ^^ 
square  miles  and  with  a  rainfall  of  27  inches,  has  a  mean  annuSi^^'*^ 
discharge  at  Kingston  of  1250  millions  of  gallons  a  day,  and  rather  mor^'^^  *' 
than  688  millions  of  gallons  in  summer.  The  Severn,  on  the  othe^^-*^ 
hand,  which  gathers  its  supplies  mainly  from  the  hard,  impervious  slat.^^"^* 
hills  of  Wales,  has  a  drainage  area  above  Gloucester  of  3890  Bquarr^*^^ 
miles,  with  an  average  rainfall  of  probably  not  less  than  40  inches.  Ye^^  -^ 
its  daily  summer  discharge  does  not  amount  to  298  millions  of  gallott -»— o^i 
and  its  minimum  sinks  as  low  as  100  millions  of  gallons,  while  that  ^^  O' 
tlie  Thames  in  the  driest  season  never  falls  below  350  millions.  In  tti^Eh® 
one  cjiso,  the  water  is  stored  up  within  the  rocks  and  is  dispense^^^^ 
giadually ;   in  the  other,  it  in  great  measure  runs  off  at  once.*     It  ^ 

likewise  deserving  of  note  that  the  ojwrations  of  man,  particularly  &     *^ 
draining  land  and  deforesting,  may  materially  alter  the  mean  level  of  * 

river  and  increase  the  volume  of  floods.     The  mean  level  of  the  Elbe  ^&-   ^ 

*  *■  PhysicB  and  Hydraulics  of  the  Mississippi  River,*  Washington,  1861,  p.  186. 
«   Vrrhandl  Gaol  ReidimnstaH,  Vienna,  1876,  p.  173. 
^  In  mountainous  tracts  having  a  large  rainfall  and  a  short  descent  to  the 

proportion  of  water  returned  to  tlie  sea  must  be  very  much  greater  than  this, 
liateman's  observations  for  seven  years  in  the  Loch  Katrine  district  gave  a  mean  anni 
rainfall  of  87^  inches  at  the  head  of  the  lake,  with  an  outflow  equivalent  to  a  depth 
81*70  inches  of  rain  removed  fh)m  the  drainage  basin  of  71}  square  miles.    See  a  reo 
paper  by  Gracve  on  the  quantity  of  water  in  German  rivers,  and  on  the  relati- 
between  rainfall  and  discharge,  Der  Ciril-Ingenitur^  1879,  p.  591 ;  Nature,  xxiii.  p.  f 

*  Prestwich,  Q.  J.  Choi.  Soc.  xxviii.  p.  Ixv.  C?ompare  the  conditions  of  the  cai 
ment  ba^in  of  the  Seine  as  given  by  A.  Delaire,  Ann.  Comerv.  Arts  tt  Mtiier^y^o.  1 
p.  3:^5. 
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laid  to  have  been  perceptibly  diminislied,  and  in  the  Ehino 
ker  level   has   been  lowered,   and  the    floods    have    been 

. — While,  in  obedience  to  the  law  of  gravitation,  a  river 
9  from  higher  to  lower  levels,  great  variations  in  the  rate 
3r  of  its  motion  are  caused  by  inequalities  in  the  angle  of 
8    channel.     A    vertical  or  steeply   inclined    face  of  rock 

waterfall ;  a  rocky  declivity  in  the  channel  gives  rise  to 
it  plain  allows  the  stream  to  linger  with  a  scarcely  visible 
lile  a  lake  renders  the  flow  nearly  or  altogether  imper- 
huB  the  rate  of  flow  is  regulated  in  the  main  by  the  angle 
)n  and  form  of  the  channel,  but  partly  also  by  the  volume 
1  increase  of  volume  in  a  narrow  channel  increasing  the 
on  even  without  an  increase  of  slope.^ 

rso  of  a  great  river  may  be  divided  into  throe  parts: — 
viain  Track, — where,  amidst  clouds  or  snows,  it  takes  its  rise 
brook,  and,  fed  by  innumerable  similar  torrents,  dashes 
n  the  steep  sides  of  the  mountains,  leaping  from  crag  to  crag 
sascades,  and  growing  every  moment  in  volume,' until  it 
r  ground.  2.  The  Valley  Track, — The  river  now  flows 
er  hills  or  undulations,  and  is  found  at  one  time  in  a  wide 
jy,  then  in  a  dark  gorge,  now  falling  headlong  into  a 
w  expanding  into  a  broad  lake.  This  is  the  part  of  its 
3  it  assumes  the  most  varied  aspects,  and  receives  the  largest 

3.  The  Plain  Track, — Having  quitted  the  undulating  region, 
ally  emerges  upon  broad  plains,  probably  wholly  or  in  great 
Bed  of  alluvial  formations  deposited  by  its  own  waters, 
ig  sluggishly  in  wide  curves,  it  may  eventually  Infiircate,  as 
3S  the  sea  and  spreads  through  its  delta,  enclosing  tracts  of 

or  marsh,  and  finally,  amid  banks  of  mud  and  sand,  passing 
3  great  ocean.     In  Europe,  the  Rhine,  Rhone,  and  Danube ; 

Ganges  and  Indus ;  in  America  the  Mississippi  and  Ama- 
ica  the  Nile  and  Niger  illustrate  this  typical  course  of  a 

raw  a  longitudinal  section  of  the  course  of  any  such  river 
irce,  or  from  the  highest  peaks  around  that  source,  to  its 
16  sea,  we  find  that  the  line  at  first  curves  steeply  from  the 
ests  down  into  the  valleys,  but  grows  less  and  less  inclined 
I  middle  portion,  until  it  finally  can  hardly  be  distinguished 
izontal  line.  Though  characteristic  of  great  rivers,  this 
.ot  confined  to  their  courses,  but  belongs  to  the  architecture 
nents. 

ident  that  a  river  must  flow,  on  the  whole,  fastest  in  the  first 
Its  course,  and  slowest  in  the  hist.     The  common  method  of 

>f  (Austrian)  CommittLO  on  Diminution  of  Water  in  Sprin«;»j  and  Ilivere, 

iv.  Engineers,  xlii.  (1873)  p.  271. 

rylor  on  the  Lawa  of  River-action,  Geol  Mag.  1875,  p.  WS. 
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oomparing  the  fall  or  slope  of  rivers  is  to  divide  the  difiezenoe  of  hmg> 
Ijetween  their  souroe  and  the  sea-level  by  their  length,  so  as  to  give  ti 
decliA-ity  per  mile.     This  mode,  however,  often  foils  to  bring  out  tl 
real  resemblanoes  and  differences  of  rivers,  even  in  regard  to  their  ang 
of  slope.     For  example,  two  streams  rising  at  a  height  of  1000  fee 
and  flowing  100  miles  to  the  sea,  would  each  have  an  average  dope  ( 
1 0  feet  per  mile ;  yet  they  might  be  wholly  unlike  each  other,  one  maldiij 
its  descent  almost  entirely  in  the  first  or  mountain  part  of  its  ooone 
and  lazily  winding  for  most  of  its  way  through  a  vast  low  plain ;  the 
other  toiling  through  the  mountains,  then  keeping  among  hills  and 
ta])le-lands,  so  as  to  form  on  the  whole  a  tolerably  equable  and  rapid  flow. 
The  great  rivers  of  the  globe  have  probably  a  less  average  slope  than 
2  feet  per  mile,  or  1  in  2640.     The  Missouri,  which  has  a  descent  of  28 
inches  per  mile,  is  a  tumultuous  rapid  current  even  down  as  far  as  Kanns 
City.     The  average  sloi>e  of  the  channel  of  the  Thames  is  21  inches 
jx^r  mile ;  of  the  Shannon  about  11  inches  per  mile,  but  between  Eillaloe 
and  Limerick  about  6 J  feet  per  mile ;  of  the  Nile,  below  Cairo,  3-2o  to 
5*5  inches  x>er  mile ;   of  the  Doubs  and  Bhone,  from  Be8an9on  to  the 
Mediterranean,  24*18  inches  per  mile;  of  the  Volga  from  its  souioeto 
the  Hca,  a  little  more  than  3  inches  per  mile.     Higher  angles  of  descent 
are  those  of  torrents,  as  the  Arve,  with  a  slope  of  1  in  616  at  Chamomiixi 
and  the  Durance,  whose  angle  varies  from  1  in  467  to  1  in  208.    The 
('olorado  river  rushes  through  its  canons  with  an  average  declivity  of 
7*72  feet  jKjr  mile,  or  1  in  683.     The  slope  of  a  navigable  river  ought 
hardly  to  exceed  10  inches  \)QV  mile,  or  1  in  6336.^ 

But  not  only  does  the  rate  of  flow  of  a  river  vary  at  different  parts  of 
its  course,  it  is  not  the  same  in  every  part  of  the  cross-section  of  the  river 
taken  at  any  given  point.      A  river  channel  (Fig.  106)  supixtrts  a  8^l^ 

cession  of  layers  of  water  (a,  ft,  c,  d), 
«    ^     ^        **         c     6    a  moving  with  different  velocities,  the 

greatest  movement  being  at  the 
centre  (d),  and  the  least  in  the  layer 
which  lies  directly  on  the  channel. 
At  the  same  vertic^il  depth,  there- 
fore, the  velocity  is  greater  in  pro- 
portion as  the  i^oint  approaches  the 
centre  of  the  sti*eani.  The  water  next  the  sides  and  bottom  (a  a),  bring 
retarded  by  friction  against  the  channel,  moves  less  rapidly  than  the 
layers  (6  6,  c  c)  towards  the  centre  {d).  The  central  piers  of  a  bridge 
have  consequently  a  greater  velocity  of  river-current  to  bear  than  those 
at  the  banks.  The  motion  of  the  surface-water,  however,  is  retarded, 
on  the  other  hand,  by  upward  currents,  generated  chiefly  by  irregularities 
of  the  bottom.^  It  follows  that  whatever  tends  to  diminish  the  friction 
of  the  moving  current  will  increase  its  rate  of  flow.  The  same  bodv  of 
water,  other  conditions  being  equal,  will  move  faster  through  a  narrow 

*  D.  StoyeiidOD,  *  Canal  and  Hiver  Euginceriiig,*  p.  224. 

•  J.  Thomaon,  Ftoe.  Boy*  8oc.  xxviii  (1878)  p.  114. 


Fig.  106. — Cro98-aectlon  of  a  River. 
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gorge  with  ateep  smooth  walls  than  over  a  broad  rough  rocky  l)cd.  For 
the  same  reason,  when  two  streams  join,  their  united  current,  having  in 
many  cases  a  channel  not  much  larger  than  that  of  one  of  the  singlo 
Btxeams,  flows  faster,  because  the  water  encounters  now  the  friction  of 
(mly  one  channel.  The  average  rate  of  flow  is  much  less  than  might  bo 
■apposed,  even  in  what  are  termed  swift  rivers.  A  moderate  current  is 
•bout  1^  mile  in  the  hour ;  even  that  of  a  torrent  does  not  exceed  18  or 
20  miles  in  the  hour.  Mr.  D.  Stevenson  states  that  the  velocity  of  such 
nvers  as  the  Thames,  the  Tay,  or  the  Clyde  may  be  found  to  vary  from 
alxmt  one  mile  per  hour  as  a  minimum  to  about  three  miles  per  hour  as 
«  maximum  velocity.^ 

It  may  be  remarked,  in  concluding  this  part  of  the  Bu)>jcct,  that 
elevations  and  depressions  of  land  must  have  a  powerful  influence  upon 
tke  dope  of  rivers.  The  upraising  of  the  axis  of  a  country",  by  increasing 
tke  slope,  augments  the  rate  of  flow,  wliich,  on  the  contrar^%  is 
diminished  by  a  depression  of  the  axis  or  by  an  elevation  of  the  maritime 
legions. 

4.  Geological  Action. — Like  all  other  forms  of  moving  water, 
streams  have  both  a  chemical  and  mechanical  action.  The  latter  receives 
inoBt  attention,  as  it  undoubtedly  is  the  more  important ;  but  the  former 
wight  not  to  bo  omitted  in  any  survey  of  the  general  waste  of  the  earth's 
wrface. 

L  Chemica  1. — The  water  of  rivers  must  possess  the  powers  of  a 
<iemical  solvent  like  rain  and  springs,  though  its  actual  work  in  this 
J'Mpect  can  be  less  easily  measured,  seeing  that  river-water  is  directly 
feived  from  rain  and  springs,  and  necessarily  contains  in  solution 
Buneral  substances  supplied  to  it  by  them.  Nevertheless,  that  streams 
diwulve  chemically  the  rocks  of  their  channels  can  be  strikingly  seen 
in  limestone  districts,  where  the  lower  portions  of  the  ravines  may  Ix) 
«mnd  enlarged  into  wide  cavities  or  pierced  with  tunnels  and  arches, 
presenting  in  their  smooth  surfaces  a  great  contrast  to  the  angular 
Jwnted  faces  of  the  same  rock  where  exposed  to  the  influence  only  of  tho 
*eather.2 

Danbree  endeuvoured  to  illustrate  the  chemical  action  of  rivers  upon  their  transported 
N)Uea  by  exposing  angular  fragments  of  felspar  to  prolonged  friction  in  revolving 
^fioden  of  sandstone  containing  distilled  water.  He  found  that  they  underwent 
^^derable  decomposition,  as  was  shown  by  tho  presence  of  silicate  of  potash,  rendering 
^  water  alkaline.  Three  kilogrammes  of  felspar  fragments  made  to  revolve  in  an  iron 
^bider  for  a  period  of  192  hours,  which  was  equal  to  a  journey  of  4(30  kilometres  (287 
*^\  yielded  2*720  kilogrammes  of  mud,  while  the  five  litres  of  water  in  which  they 
*^  kept  moving  contained  12*60  grammes  of  potash,  or  2*52  grammes  i)cr  litre.' 

The  mineral  matter  held  in  solution  in  river- water  is,  doubtless,  partly 
«wived  from  the  mechanical  trituration  of  rocks  and  detritus ;  for 
l^iubree's  experiments  show  that  minerals  which  resist  the   action  of 

'  Mtedamation  of  Land,'  p.  18. 
^  For  an  illuntration  of  this  action  by  tho  Bhone  in  the  marine  molusse,  see  F.  Cuvier, 
^^l  8oe,  Gtd,  Franee,  3me  ser.  viii.  p.  164. 

'  'Oeologie  Exp^rimentale,'  p.  271 ;  and  j>o0<eu,  p.  «^8. 
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ime,  with  minor  proportions  of  the  other  ordinary  salts  of  river-water.  Mr.  Prcstwleh 
utiinatei  that  the  quantity  of  carhonate  of  lime  removed  from  the  limestone  areas  of  tlio 
riumies  basin  amounts  to  140  tons  annually  from  every  square  mile.  This  quantity, 
lumning  a  ton  of  chalk  to  measure  15  cubic  feet,  is  equal  to  (i  loss  of  ^|g  of  an  inch  from 
sch  square  mile  in  a  century,  or  one  foot  in  13,200  yeiirn.^  Accoiding  to  monthly 
otaervations  and  estimates  made  in  the  year  186G  at  Lobositz,  near  the  exit  of  the  Elbe 
fnm  its  Bohemian  basin,  this  river  may  be  regarded  as  carrying  every  year  out  of 
Bohemia  from  an  area  of  880  German  square  miles,  or,  in  round  numbers,  20,000  English 
a({aare  miles,  6,000,000,000  cubic  metres  of  water,  containing  622,680,000  kilogrammes 
uf  dissolved  and  547,140,000  of  suspended  matter,  or  a  total  of  1169  millions  of  kilo- 
gniumes.  Of  this  total,  978  millions  of  kilogrammes  consist  of  fixed  and  192  millions 
€f  volatile  (chiefly  organic)  matter.  The  proportions  of  some  of  the  ingredients  most 
inportant  in  agriculture  were  estimated  as  follows:  lime,  140,380,000  kilogrammes; 
Hgnesia,  28,130,000;  potash,  54,520,000;  soda,  39,600,000;  chloride  of  sodium, 
23,320,000  sulphuric  acid,  45,690,000;  phosphoric  acid,  1,500,000.^ 

Kr.  T.  ^Mellard  Reade  has  estimated  that  a  total  of  8,370,630  tons  of  bolids  lii 
mhitiuu  is  every  year  removed  by  running  water  from  the  rocks  of  Knglantl  and  Wales, 
vUeh  is  equivalent  to  a  general  lowering  of  the  surface  of  the  country,  from  that  cause 
■lone,  at  a  rate  of  *0077  of  a  foot  in  a  century,  or  one  foot  in  12,978  years.  The  same 
viiter  computes  the  annual  discharge  of  solids  in  solution  by  the  lihine  to  be  equal  to 
tt^  tons  per  square  mile,  that  of  the  Klione  at  Avignon  232  tons  per  w^uare  mile,  and 
tint  of  the  Danube  at  72'7  tons  per  square  mile ;  and  he  supposes  that  on  an  average 
Mer  the  whole  world  there  may  be  every  year  dissolved  by  rain  about  100  tons  of  rocky 
■itter  per  English  square  mile  of  surface.' 

If  the  average  proportion  of  mineral  matter  in  solution  in  river- 
^ttef  1x3  taken  as  2  parts  in  every  10,000  by  weight,  then  it  is  obvious 
that  in  every  5000  years  the  rivers  uf  the  globe  must  carry  to  the  sea 
tkeir  own  weight  of  dissolved  rock. 

ii.  Mechanical. — The  mechanical  work  of  rivers  is  threefold; — 
l.ljto  transi>oi*t  mud,  sand,  gravel,  or  blocks  of  stone  from  higher  to 
Wer  levels ;  (2^  to  use  these  loose  materials  in  eroding  their  channels  ; 
«nd  (3j  to  deposit  these  materials  where  possible,  and  thus  to  make 
iiew  geological  formations. 

1.  Tratusporthig  Poicer.* — One  of  the  distinctions  of  river- water,  as 
compared  with  that  of  si>rings,  is  that  as  a  rule,  it  is  less  transparent, 
in  other  words,  contains  more  or  less  mineral  matter  in  suspension.**  A 
sudden  heavy  shower,  or  a  season  of  wet  weather,  suffices  to  render 
turbid  a  river  which  was  previously  clear.  The  mud  is  washed  into 
tie  main  streams  by  rain  and  brooks,  but  is  partly  produced  by  tlie 
•Wasion  of  the  water-channels  through  the  operations  of  the  streams 
tkemaelves.  The  channels  of  the  mountain-tributaries  of  a  river  arc 
choked  with  large  fragments  of  rock  disengaged  from  cliflfs  and  crags 

'  Prestwich,  Q.  J.  Geol.  Soc.  xxviii.  p,  Ixvii. 

»  Breitenlohner,  Verhand.  Geol  ReicUansU,  Vienna,  1876,  p.  172.  Taking  tlie 
I'TtMWUjOOO  kilogrammes  to  bo  mineral  matter  in  solution  and  suspension,  this  is  equal 
to  tn  annual  loss  of  about  48  tons  per  English  square  mile.  But  it  includes  all  the 
»Merials  discharged  by  the  drainage  of  an  abundant  population. 

*  Address,  Liverpool  Geol.  Soc.  1877. 

*  (>n  tho  abrading  and  transporting  ix)wer  of  water,  bco  l.ogiu,  Nalurty  i.  pp.  tj*2U, 
<Sl;u.p.72. 

*  The  brcjwn  colour  of  river  or  eatuury  water  is  not  always  due  to  mud.  In  tho 
^^OBtbampton  Water  it  is  causi.'d  in  summer  by  the  prcstmce  of  protozoa  (Perediuium 
/u«m).    A.  Angell,  Brit.  Amn:,  1882,  sects,  p. "^589. 
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i>M|fliifi||y  |t,«*  nmmui  of  hm  of  irarfooe,  which  U  rcprt^nioi  c  v  :Lr  cvur*  criTcI  mJ 

• ,  ?!"""/  '■  lib)  "^  *  ''•"*  P^^  annum  •  V-  /.  G^^L  60c.  TiiLp.  nvii. 

I  mwf  iffil  Bim  KiiglncKrrltig/ p.  315.  Se«  olio Thoulet.  Jha.  ii«  ^i*u«.  i4l.  p.  507. 
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It  is  not  the  Burfaoe  velocity,  nor  even  the  mean  velocity,  of  a  river 
which  can  be  taken  as  the  measure  of  its  power  of  transport,  but  the 
l)ottom  velocity — that  is,  the  rate  at  which  the  stream  overcomes  the 
friction  of  its  channel.  (6)  The  average  specific  gravity  of  the  stones 
in  a  river  ranges  between  two  and  three  times  that  of  pure  fresh  water ; 
benoe  these  stones  when  borne  along  by  the  river  lose  from  a  half  to 
a  third  of  their  weight  in  air.  Huge  blocks  which  could  not  be  moved 
lij  the  same  amount  of  energy  applied  to  them  on  dry  ground,  are 
•wept  along  when  they  have  found  their  way  into  a  strong  river- 
CQirent.  The  shape  of  the  fragments  greatly  affects  their  portability, 
^n  they  are  too  large  and  heavy  to  be  carried  in  mechanical  sus- 
pension. Kounded  stones  are  of  course  most  easily  transported;  flat 
ttd  angular  ones  are  moved  with  comparative  difficulty.  (See  p.  358.) 
(c)  Pare  water  will  retain  fine  mud  in  suspension  for  a  long  time ;  but 
tbe  introduction  of  mineral  matter  in  solution  diminishes  its  capacity 
to  do  HO,  probably  by  lessening  the  molecular  cohesion  of  the  liquid. 
Thus  the  mingling  of  salt  with  fresh  water  causes  a  rapid  precipitation 
of  the  suspended  mud.  Probably  each  variety  of  river-water  has  its 
own  capacity  for  retaining  mineral  matter  in  suspension,  so  that  the 
mere  mingling  of  these  varieties  may  be  one  cause  of  the  precipitation 
ofiediment.^ 

Besides  inorganic  sediment,  rivers  sweep  seaward  the  remains  of 
luid-ttnimals  and  vegetation.  The  great  rafts  of  the  Mississippi  and 
^  tributaries  are  signal  examples  of  this  part  of  river-action.  The 
AtchafiEJaya  has  been  so  obstructed  by  drift-wood  as  to  be  fordable 
like  dry  land,  and  the  Ked  River  for  more  than  a  hundred  miles  flows 
^nder  a  matted  cover  of  dead  and  living  vegetation.  The  Amazon, 
Ganges,  and  other  tropical  rivers  furnish  abundant  examples  of  the 
ttan^port  of  a  ticrrestrial  fauna  and  flora  to  the  sea. 

Beyond  their  ordinary  powers  of  transport,  rivers  gain  at  times 
ooQfliderable  additional  force  from  several  causes.  Those  liable  to  sudden 
»nd  heavy  falls  of  rain  or  to  a  rapid  augmentation  of  their  volume 
by  the  quick  melting  of  snow,  acquire  by  flooding  an  enormous  increase 
of  transporting  and  excavating  power.  More  work  may  thus  be  done 
ty  a  stream  in  a  day  than  could  be  accomplished  by  it  during  years 
of  its  ordinary  condition.^  Another  cause  of  sudden  increase  in  river- 
iction  is  provided  when,  from  landslips  formed  by  earthquakes,  by  the 
undermining  influence  of  springs,  or  otherwise,  a  stream  is  temporarily 
dammed  back,  and  the  barrier  subsequently  gives  way.  The  bursting  out 
rfthe  arrested  waters  produces  groat  destruction  in  the  valley.  Blocks 
w  Ug  as  houses  may  be  set  in  motion,  and  carried  down  for  consider- 

'  T.  Hterry  Hunt,  Vroc.  Boston  Nat.  Hist.  Soc.  1874 ;  W.  Durham,  Ckem,  News,  xxx. 
[iWIJhp.  57. 

'  Tlie  extent  to  which  heavy  ruius  cuu  alter  the  usual  charactors  of  riverB  in  forcibly 
Wpfifled  in  Sir  T.  Dick  Lauder's  *The  Morayshire  Floods/  In  the  year  1829  the 
livoi  of  that  region  rose  10,  IS,  and  in  one  caso  even  50  feet  above  their  common 

■  uost  incrc^ibh'  hav<H'.     See    also   G.  A.   Koch,   **  I'eber 


lerd,  producing  almost 
MvfldiD  in  Tyxol,"  Jdltrb.  Oeol  ReicJmnst.  xxv.  (1875)  p.  97. 
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jiMe  •li^tiim:«rs.    A^iiiii,  the-  transpurtiu'^  jiower  of  rivers  may  be  greatly 
aiiguioiitotl  l»y  frst  (ssiro  pip»t*ni.  p.  3-^6).     Ice  formiug  along  the  banks 
nr  «»n  tlnr  l>i»tt«'m.  eu«l«>s*,s  gravel.  KiinJ,  and  even  blocks  of  r«X5k,  wliich, 
when  tliJiw  f«.iiitni.  hd,-  lifted  up  and  carried  down  the  stream.     In  tLe 
rivei-s  nf  N'lrthem  Riisbia  and  Siljeria,  which,  flowing  from  south  to  north, 
h;ive  the  i«e  thaweil  in  their  higher  conrses  before  it  breaks  up  farther 
down,  much  disatjter  is<  sometimes  caused  by  the  piling  up  of  the  ia*, 
and  then  by  the  bursting  of  the  impeded  river  through  the  tempomy 
ice-barrier.     In  another  way,  ice  sometimes  vastly  inci*eH8es  the  de- 
structive power  of  small  streams,  where  avalanches  or  au   advancing 
Ljlacier  cross  a  vaUey  and  pond  back  its  drainage.     The  vaUey  of  the 
Dninjse.  in  Switzerland,  has  several  times  suffered  from  this  cause,   hi 
1S18,  the  glacier-barrier  extended  across  the  valley  for  more  than  hJf  a 
niile,  with  a  breadth  of  600  and  a  height  of  400  feet.     The  waters  above 
the  ice-ilam  accumulated  into  a  lake  containing  800,000,000  cubic  feet 
By  a  tunnel  driven  through  the  ice,  the  water  was  drawn  oflf  without 
desolating  the  plains  below. 

The  amount  of  sediment  borne  downwai*ds  by  a  river  is  not 
necessarily  determined  by  the  carrying  power  of  the  current.  The 
s\\"it*te»t  streams  are  not  always  the  muddiest.  The  proportion  of 
sediment  is  partly  dependent  upon  the  hardness  or  softness  of  the  n>cks 
f  f  the  channel,  the  number  of  tributaries,  the  nature  and  slope  (>f  the 
gronnd  ft»rming  the  drainage-basin,  the  amount  and  distribution  of  the 
rainfall,  the  size  of  the  glaciera  (where  such  exist)  at  the  sources  <»f  the 
river,  the  chemical  composition  of  the  water,  and  i»rol>ably  other  causes 
A  rainfall  spread  with  some  uniformity  throughout  the  year  may  n«»t 
sensibly  darken  the  rivera  with  mud,  but  the  same  amount  of  fall 
crowdeil  into  a  few  days  or  weeks  may  l)0  the  means  of  sweeping  a  vast 
amount  of  earth  into  the  rivers,  and  sending  them  down  in  a  greatly 
discidoured  state  to  the  sea.  Thus  the  i-ivers  of  India,  swollen  during 
the  rainy  season  (sometimes  by  a  rainfall  of  25  inches  in  40  hours,  as  at 
the  time  of  the  destructive  land-slip  at  Naini  Tal  in  Se2>tember,  1880). 
K'v'ome  rolling  currents  of  mud.* 

The  amount  of  mineml  mutter  transporteil  by  rivers  caD  bo  estimated  by  examininS 
their  waters  at  different  periods  and  places,  and  dctenuining  their  solid  contentB.  A 
cvvapU'te  analysis  should  take  into  ac<x)unt  what  is  chemically  dissolved,  what  U 
iucchanii*ally  suspended,  and  wliat  is  driven  or  pushed  along  the  bottom.  AVe  h»TP 
;\lTviiilT  dealt  with  the  chemically  dissolved  ingredients.  In  detcrminutions  of  the 
v.uvhunically  mixed  constituents  of  river-water,  it  is  most  advantageous  to  obtain  tbt- 


\\\  hi*  i><urneyri  through  equatorial  -Africa,  Livingstone  came  upon  rivurs  *1*^ 
.i  .V  «■.  v.^n.Uly  to  i^vunist  more  of  sand  tlrnn  of  water.  Ho  doficrib^s  the  Zingesi  a*'**^ 
vftf ;  •.  .xv.*M  \\\  tUvMl,  \]0  or  70  yards  wide,  and  waist  deep.  Like  all  these  saiMl-rivefJ* 
ii  >  '-  t'  I-  u\^Vit  part  dry ;  but,  by  digging  down  a  fi-w  feet,  water  is  to  be  found  wliif" 
i*  !>,  -.•-■'Av.r;:  :ilon;r  the  bed  on  a  stratum  of  clay.  In  tryinj;  to  fonl  it,"  he  retoail* 
"  1  ♦,  t  I :  .*i;«Mds  of  {^articles  of  coarse  sand  striking  my  legs,  which  gave  um-  the  id* 

■  i\u\  !»■•  ft-.«»;^  I  •»t'iii«ttcr  removed  by  every  freshet  must  be  very  great.  .  .  .  These  «au*^" 
riv.  T^  -Nil',  v..  ^**t  u)R«8es  of  disintegrated  rook  before*  it  is  fine  enough  to  form  eoil.   1° 

^  -rj:-**:  r'y-'T*'  »>kw  mm^h  wearing  is  going  on,  a  person  diving  to  the  bottom  niiiy  hetf 

^  :ii:-  -'•K*  rK#«NiMb  t€  atonca  knocking  against  each  otlier." 
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iportioii  flnt  by  weight,  and  then  from  its  ayerage  specific  gravity  to  estimate  its  bulk 
an  ingredient  in  the  water.  According  to  experiments  made  npon  the  water  of  the 
none  at  Lyons,  in  1844,  the  proportion  of  earthy  matter  held  in  suspension  was  by 
^^  nhi-  ^Barlier  in  the  century  the  results  of  similar  experiments  at  Aries  gave 
I M  the  proportion  when  the  river  was  low,  ^^q  during  floods,  and  ^  in  the  mean 
lie  of  the  river.  The  greatest  recorded  quantity  is  jj  by  weight,  which  was  found 
rhen  the  river  was  two-thirds  up,  with  a  mean  velocity  of  probably  about  8  feet  per 
eGod.**  *  Lombardini  gives  g^  as  the  proportion  by  volume  of  the  sediment  in  the 
iter  of  the  Po.  In  the  Vistula,  according  to  Spittcll,  the  proportion  by  volume  reaches 
naxinram  of  ^.'  The  Rhine,  according  to  Hartsoeker,  contains  ^^  by  volume  as  it 
nm  thioogfa  Holland,  while  at  Bonn  the  experiments  of  L.  Homer  gave  a  proportion 
^  ^'"^  nbo  ^  volume.'  Stiefonsand  found  that,  after  a  sudden  flooding,  the  water  of 
le  Shine  at  Uerdingen  contained  ^  by  weight  Bischof  measured  the  quantity  of 
sdiment  in  the  same  river  at  Bonn  during  a  turbid  state  of  the  water,  and  foimd  the 
nportioii  to  be  ■^i^^  by  weight,  while  at  another  time,  after  several  weeks  of  continuous 
17  weather,  and  when  the  water  had  become  clear  and  blue,  he  detected  only  37(00.^ 
B  flie  Heuse,  according  to  the  experiments  of  Ghandellon,  the  maximum  of  sediment  in 
vpension  in  the  month  of  December  1849  was  ^j^,  the  minimum  ^y}^  and  the  mean 
4b>'  In  the  Elbe,  at  Hamburg,  the  proportion  of  mineral  matter  in  suspension  and 
olotion  has  been  found  by  experiment  to  average  about  7^.  The  Danube,  at  Vienna, 
ridded  to  Bischof  about  ^  of  suspended  and  dissolved  matter."  The  Durance  has 
idinarily  a  maximum  of  30  grammes  of  sediment  to  one  litre  of  water,  or  J3  by  weight. 
Afixeeptional  floods  it  rises  to  100  grammes  per  litre  of  water,  or  f\,  by  weight  In 
stnne  low  water  the  proportion  may  sink  to  about  j^  \  the  average  for  nine  years 
^  18d7  to  187.5  was  about  ^.^  The  Garonne  is  estimated  to  contain  perhaps  i^.* 
I  the  Avon,  which  falls  into  the  Severn,  the  mean  amount  of  suspended  mud  is  estimated 
iji^  The  observations  of  Mr.  Everest  upon  the  water  of  the  Ganges  show  that, 
lii^^  the  four  months  of  flood  in  that  river,  the  proportion  of  earthy  matter  is  ^Jg  by 
night,  or  gjg  by  volmne ;  and  that  the  mean  average  for  the  year  is  ^  by  weight,  or 
4t  by  volume."  According  to  Mr.  Login,  the  waters  of  the  Irrawaddy  contain  ^  by 
r^t  of  sediment  during  floods,  and  31^  during  a  low  state  of  the  river."  In  the  Yang- 
■e  the  proportion  of  sediment  by  weight  is  estimated  by  Mr.  H.  B.  Guppy  at  ^j^b-*^  The 
aoQnt  in  the  water  of  the  Biver  Plate  is  estimated  at  7^  by  weight*' 

The  most  extensive  and  accurate  determinations  upon  this  subject  yet  made,  are 
hose  of  the  United  States  Grovemment  upon  the  physics  and  hydraulics  of  the 
Cirinippi  river.  As  the  mean  of  many  observations  carried  on  continuously  at 
liftrent  parts  of  the  river  for  months  together,  Humphreys  and  Abbot,  the  engineers 
iwged  with  the  investigation,  found  that  the  average  proportion  of  sediment 
nntikined  in  the  water  of  the  Mississippi  is  yj^  by  weight,  or   5^,  by  volume.'* 


*  Humphreys  and  Abbot,  *  Report  upon  the  Pliysics  and  Hydraulics  of  the  Missis- 
Ippi,'  1861.  p.  147.  '  Ibid.  p.  148. 

"  EdJm,  ^euj  Phil.  Jouni.  xviii.  p.  102.  *  *  Chemical  Geology,'  i.  p.  122. 

'  Annale*  det  Travaux  publics  de  Bdgique,  ix.  204. 

•  Op.  dt.  i.  p.  130.  More  recent  observations  by  Sir  Charles  Hartley  show  that  the 
Betn  proportion  of  sediment  by  weight  in  the  Danube  water  fur  ten  years  frDiii  1  sr.2  to 
IWl  wa«  JU,  or  (at  speoiflc  gravity  1  '9)  3^  by  volume. 

'  G.  WUSon,  Min.  Froc,  Imt.  Civ.  Engtn.  li.  (1877-8)  p.  21«. 


*  Banmgarten,  cited  by  Re'clus, '  La  Toire.' 

•  T.  Howard,  Bnt.  Assoc.  1875,  p.  179. 


^  Jtmm,  Asiatic  Society  of  CaJcutta,  March  1882. 
"  Proe.  Bay.  80c.  Edin.  18.^)7. 

"  JTotere,  xxii.  p.  486.    According  to  Dr.  A.  Woeikolf,  tliis  estimate  is  much  under 
Q^Mh ;    zxiii.  p.  9.    See  also  op.  eit.  p.  584. 
"  0.  liiggin,  Nature,  xix.  p.  555. 
"  *Beport,'  p.  148.    The  specific  gravity  of  the  silt  of  the  Mississippi  is  given  as  1  '9. 
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Bnt   b«iii»>r¥  *?.»    Letter  hirlii  in  iiwpeiuknu  th«T  dweired  that  a  large  ammmt  of 
•xMTie  'ieoin^  fs  ccxutantlj  being  pashied  akng   the  bottom  of  the    rirer.    Tfaqr 
ircdjBated  that  thia  iu?viziz  ftzatnm  carries  erezr  year  into  the  Gulf  of  Mexioo  about 
75i},00iv>j(>  cnbie  feet  of  tand,  earth  and  g;TaTeL     Their  obeerration*  led  them  to 
^ODcImJe  that  the  annual  diicharge  of  water  by  the  Hfiwiwrii^i  is  19,500,000,000^ 
cubic  f<ret,  an«l  «?onsEqTKncly  that  the  weight  of  mud  annually  carried  into  the  ses  by 
this  river  niixst  mch  the  nm  >-f  SI2^*iOjOi)0,000  pounds.    TiAnng  the  total  annotl  eoo- 
tribatiijiu  of  earthy  matter,  whether  in  sospenaioa  or  moving  along  the  bottom,  tbej 
fonnd  them  to  eqoal  a  prism  2^  feet  in  height  with  a  base  of  one  square  mile. 

The  value  of  these  data  to  the  geologist  eonsists  mainly  in  the  Ikct  that  they  Ainiih 
him  with  maseriab  f«>r  an  approximate  measnrement  of  the  rate  at  which  the  snrfiBeof 
the  land  is  lowered  by  sobaerial  waste.    This  sabject  is  dismissed  at  p.  426. 

2.  ExcavaHmg  Potrer. — It  was  a  prominent  part  of  the  teaching  of 
Hntton  and  Flay&ir,  that  rivers  have  excavated  the  channels  in  which 
thej  flow.  Experience  in  all  jiarts  of  the  world  has  confirmed  this 
doctrine.  The  mechanical  erosive  work  of  running  water  depends  for  its 
rate  and  character  npon  (a)  the  friction  of  the  detritus  driven  bj  the 
current  against  the  sides  and  bottom  of  a  watercourse,  modified  bj 
(h)  the  geological  structure  of  the  ground. 

(a)  Driven  downward  bj  the  descending  water  of  a  river,  the  loon 
grains  and  stones  are  rubbed  against  each  other,  as  well  as  upon  the 
rocky  bed,  until  they  are  reduced  to  fine  sand  and  mud,  and  the  ndes 
and  bottom  of  the  channel  are  smoothed,  widened,  and  deepened.  The 
familiar  effect  of  running  water  upon  fragments  of  rock,  in  reducing 
them  to  rounded  pebbles,  is  expressed  by  the  common  epithet  "  water- 
worn."  A  stream  which  descends  from  high  rocky  ground  may  be 
compared  to  a  grinding  mill ;  large  boulders  and  angular  blocks  of  rock, 
diseugageil  by  frosts,  springs,  and  general  atmospheric  waste,  fall  into 
its  upper  end  ;  ^q  sand  and  silt  are  discharged  into  the  sea. 

In  the  series  of  experiments  already  referred  to,  Daubice,  using  fragments  of  gnnitd 
and  quarts^  caused  them  to  slide  oyer  each  other  in  a  hollow  cylinder  partially  filled 
with  waier,  and  rotating  on  its  axis  with  a  mean  velocity  of  0*80  to  I  metre  in  asecooi 
Ho  found  that  after  the  first  25  kilometres  (about  15]^  English  miles)  the  angoltf 
fmgmouts  of  granite  had  lost  ^  of  their  weight,  while  in  the  same  distance  frtgmenti 
already  well  rounded  had  not  lost  more  than  lio  to  ^.  The  fragments  rounded  by  this 
joumey  of  25  kilometres  in  a  cylinder  could  not  be  distinguished  either  in  form  or  in 
general  aspect  ftt>m  the  natural  detritus  of  a  river-bed.  A  second  product  of  th^B^ 
experiments  was  an  extremely  fine  impalpable  mud,  which  remained  suspended  in  the 
water  several  days  after  the  cessation  of  the  movement  During  the  production  of  ttiii 
fine  sediment,  the  water,  even  though  cold,  was  found  in  a  day  or  two  to  have  acted 
chemically  upon  the  granite  fragments.  After  a  journey  of  160  kilometres,  8  kilo- 
grammes (about  6)  lb.  avoirdupois)  yielded  3*3  granunes  (about  50  grains)  of  scdnUe 
sslts,  consisting  chiefly  of  silicate  of  potash.  A  third  product  was  an  extremely  floe 
angular  sand  consisting  almost  wholly  of  quartz,  with  scarcely  any  felspar,  nearly  the 
whole  of  the  latter  mineral  having  passed  into  the  state  of  clay.  The  sand  grsioa,  •* 
they  are  continually  pushed  onward  over  each  other  upon  the  bottom  of  a  river,  become 
rounded  as  the  larger  pebbles  do.  But  a  limit  is  placed  to  tliis  attrition  by  the  sixe  and 
specific  grevity  of  the  grains.*  As  a  rule,  the  smaller  particles  sufier  proportionately 
less  loss  than  the  larger,  since  the  friction  on  the  bottom  varies  directly  as  the  weight 


'G^logie  Exp^rimentalc,'  p.  250,  ei  seq. 
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'  odw  of  fhe  cUameter,  while  the  AiniiMe  expowd  to  fttMtion  varies 
dfaMneter.  Hr.  Borby,  in  recently  oalling  attention  to  this  lektion, 
B  ^  of  an  inch  in  diameter  wonld  be  worn  ten  times  aa  mnch  aa 

diameter,  and  a  pebble  1  inch  in  diameter  wonld  be  worn  relatlTely 
EM  a  few  hnndred  yaida  than  a  sand  grain  iJgg  of  an  ineii  in  dla- 
f  being  drifted  for  a  hundred  miles.'  So  long  as  the  paiiieles 
sosptmiiinn,  they  will  not  abrade  each  others  bat  remain  aagidar. 

tiiA  milky  tint  of  the  Bhine  at  StraaAmrg  in  the  months  of  Jnly  and 
it  to  mod,  but  to  a  fine  angnlar  sand  (with  grains  abont  ^  miUimetn 

oonstitntes  nj^  of  the  total  weight  of  water.  Yet  tlus  sand  had 
ly  flowing  tnmnltnons  river  from  the  Swiss  mountains,  and  had  been 
Is  and  rapids  in  its  jonm^.  He  ascertained  also  that  sand  grains 
er  of  ^  mm.  will  float  in  Ibebly  agitated  water ;  so  that  all  sand  of 
nain  angular.    The  same  observer  has  noticed  that  sand  composed  of 

diameter  of  )  mm.,  and  oarried  akmg  by  water  moving  at  a  rate  of 
1,  is  roonded,  and  loses  abont  iJn  of  its  weiglit  in  every  kilometre 

r  abrasioii  upon  the  loose  materiahi  on  a  river-bed  are  but 
the  eioeiTe  work  performed  by  the  stream.  A  layer  of 
e  upper  portion  of  which  is  pushed  onward  by  the 
protects  the  solid  rook  of  the  river  channel,  but  is  apt  to 
bom  time  to  time  l^  violent  floods.  Sand,  gravel,  and 
Be  parts  of  a  river<ihannel  where  the  cnrrent  is  strong 

them  moving  along,  rab  down  the  rocky  bottom  over 
3riven«    As  the  shape  and  declivity  of  the  channel  vary 

point  to  point,  with,  at  the  same  time,  freqnent  changes 
)f  the  rocks,  this  erosive  action  is  liable  to  continnal 
[t  advances  most  briskly  in  the  nnmerons  hollows  and 
rhich  chiefly  these  loose  materials  travel.    Wherever  an 

which  gravel  is  kept  in  gyration,  erosion  is  mnch 
)  stones,  in  their  movement,  excavate  a  hole  in  the 
as  they  themselves  are  reduced  to  sand  and  mnd,  or  are 
lie  force  of  the  cnrrent,  their  places  are  taken  by  fresh 
down  by  the  stream  (Fig.  107).  Such  poi-holeSy  as  they 
ly  in  size  from  mere  cnp-lDce  depressions  to  hnge 
ols.  As  they  often  coalesce,  by  the  giving  way  of  the 
Is  between  two  or  more  of  them,  they  materially  increase 
f  the  river-bod. 

erodes  its  channel  by  means  of  its  transported  sediment 
3  mere  friction  of  the  water,  is  sometimes  admirably 
le  course  of  streams  Altered  by  one  or  more  lakes.  As 
pes  from  the  Lake  of  Geneva,  it  sweeps  with  a  swift 
rer  ledges  of  rock  that  have  not  yet  been  very  deeply 
iagara  supplies  a  still  more  impressive  example.  Issuing 
I,  and  flowing  through  a  level  cotmtry  for  a  few  miles,  it 
falls  by  a  series  of  rapids.  The  water  leaves  the  lake 
y  appreciable  sediment,  and  has  too  brief  a  journey  in 
r  it,  before  beginning  to  rush  down  the  rocky  channel 

».  xxxvi.  p.  59.  »  *  G^logie  Exp^mentale,'  pp.  256, 258. 
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towards  the  cataract.  The  sight  of  the  vast  body  of  clear  water,  leaping 
and  shouting  over  the  eheeta  of  limestone  in  the  rapids,  ia  id  ■odk 
respectn  quite  tm  Rtriking  a  scene  as  the  great  falls.  To  a  geologist  it  k 
Hliecially  inBtmctive;  for  he  can  observe  that,  notwithstanding  tlie 
tremendous  rush  of  water  which  has  been  rolling  over  them  for  ho  mm 
centuries  these  rocks  have  been  comparativelj  little  abraded.  Tin 
HTnoothed  and  striated  surface  left  by  the  ice^eet  of  the  Glacial  Feiioil 
can  be  traced  upon  them  almost  to  the  water  s  edge,  and  the  flat  ledgo 
at  the  rapids  \re  merely  a  prolongation  of  the  ice  worn  surfiioe  which 
luisHes  under  the  banks  of  drift  on  either  side      The  river  has  hunilr 


eroded  more  than  n  mere  superficial  skin  of  rook  here  tmcp  it  Vfpin  I" 
flow  over  the  glaciated  limestone 

Similar  evidenc*.  la  offered  by  the  St  Lawrence  This  maicstic  rivf' 
leaves  Lake  Ontario  as  pure  as  the  watirs  f  the  lake  itself  The  '«■ 
worn  hummocks  of  gueisn  tt  the  ThouBan  1  Islands  still  retni  i  tlwi'' 
■  haractenstio  smoothed  and  pohshed  surfftce  down  to  anl  ben  alli  H"^ 
Murfaoe  rf  the  current  In  dencendiTig  the  riv  r  I  was  astoninhml '" 
iibserve  that  the  famous  rapids  iif  the  St,  Lawrence  are  aotuallv  lii'niinf' 
in  by  islets  and  steep  banks  of  boiildor-clay,  and  not  of  solid  rock.  ^' 
little  obvious  erosion  does  the  current  perform,  even  in  its  tnranlttiiiW 
billowy  deaoent,  that  a  raw  »oar  of  clay  betokening  a  renciit  Mlip '» 
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0  be  seen*    The  banks  are  so  grassed  over,  or  even  covered  with 
to  prove  how  long  they  have  remained  undisturbed  in  their 

condition.  That  very  considerable  local  destruction  of  these 
ads,  however,  has  been  caused  by  floating  ice  will  be  alluded  to 
m. 

volume  and  rapidity  of  current,  therefore,  will  not  cause  much 
of  the  channel  of  a  stream  unless  sediment  be  present  in  the 

A  succession  of  lakes,  by  detaining  the  sediment,  must 
ily  enfeeble  the  direct  excavating  power  of  a  river.  On  the 
nd,  by  the  disintegrating  action  of  the  atmosphere,  and  by  the 
08  of  springs  and  frosts,  loose  detritus  as  well  as  portions  of  the 
[iks  are  continually  being  launched  into  the  currents,  which  as 

1  along  are  thus  supplied  with  fresh  materials  for  erosion. 

n  the  gradual  excavation  of  a  river-channel,  a  dominant  influence 
Ised  by  the  lithological  nature  and  geological  structure  of  the 
rough  which  the  stream  flows.  This  influence  is  manifested  in 
i  of  the  channel,  the  angle  of  declivity  of  its  banks,  and  in  the 
f  its  erosion.  On  a  small  but  instructive  scale,  these  phenomena 
Baled  in   the   operations   of 

Thus,  one  of  the  most  cha- 
io  features  of  streams,  whe- 
ge  or  small,  is  the  tendency 

in  serpentine  curves  when 

Le  of  declivity  is  low,  and  the  pig.  lOS.-Meandering  course  of  a  brook. 

surfEu^  of  the  country  toler- 
rel.  This  peculiarity  may  be  observed  in  every  stream  which 
fl  a  flat  alluvial  plain.  Some  slight  weakness  in  one  of  its 
nables  the  current  to  cut  away  a  portion  of  the  bank  at  that 
By  degrees  a  concavity  is  formed  round  which  the  upper 
weeps  with  increased  velocity,  while  under-currents  tend  to 
diment  across  to  the  opposite  side.  The  outer  bank  is  accord- 
'om  away,  while  the  inner  or  concave  side  of  the  bend  is  not 
I,  but  is  even  protected  by  a  deposit  of  sand  or  gravel.^  Thus, 
:  alternately  from  one  side  to  the  other,  the  stream  is  led  to 
I  a  most  sinuous  course  across  the  plain.  By  this  process, 
:,  while  the  course  is  greatly  lengthened,  the  velocity  of  the 
proportionately  diminishes,  until  it  may,  before  quitting  the 
ecome  a  lazy,  creeping  stream,  in  England  commonly  bordered 
dges  and  willows.  A  stream  may  eventually  cut  through  the 
land  between  two  loops,  as  at  a,  6,  and  c,  in  Fig.  108,  and  thus 
lile  shorten  its  channel.  Instances  of  this  nature  may  frequently 
rv^  in  streams  flowing  through  alluvial  land.  The  old  deserted 
ire  converted,  first  into  lakes,  and  by  degrees  into  stagnant  pools 
until  finally,  by  growth  of  vegetation  and  infilling  of  sediment 
and  wind,  they  become  dry  ground. 

'  J.  Thomson,  Proc.  Roy.  Soe.  xxv.  (1876)  p.  5. 
=  *i  Aigues-mortes,"  or  dead  waters.    See  p.  375. 
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Although  most  freqnent  in  soft  allnvial  plains,  serpentnie 
coutses  may  also  bo  eroded  in  solid  rook  if  the  original  fom 
surface  was  tolerably  flat.  The  windings  of  the  gorges  of  the 
(Fig.  109)  and  Rhine  through  the  table-land  between  Trdtves, 
and  the  Siebengebirge  form  a  notable  illustration. 

Abrupt  changes  in  the  geological  structure  or  lithologioal  o 
of  the  rocks  of  a  river-channel  may  give  rise  to  waterfalls.  I 
cases,  this  feature  of  river-scenery  has  originated  in  lines  of 
ment  over  which  the  water  at  first  found  its  way,  or  in  the  sa 
logical  arrangement  of  hard  and  soft  rocks  by  which  the  esca 

themselves  have  been  produoe 
occurrence  of  horizontal,  toleial 
pact  striata,  traversed  by  mark 
of  joint,  and  resting  upon  soft 
presents  a  structure  well  ada] 
showing  the  part  played  by  w 
in  river  -  erosion.  The  water! 
with  special  potency  against  tb 
underlying  strata  at  its  base, 
are  hollowed  out,  and  as  the  fom 
of  the  superincumbent  more  so 
are  destroyed,  slices  of  the  latl 
time  to  time  fall  off  into  the 
whirlpool,  where  they  are  red 
fragments,  and  carried  down  the 
Thus  the  waterfall  outs  its  ws 
ward  up  the  stream,  and  as  it  a 
it  prolongs  the  excavation  of  th 
into  which  it  descends.  The 
will  frequently  observe,  in  the  i 
of  waterfalls  and  consequent  ei 
ravines,  the  important  part  taken 
of  joint  in  the  rocks.  These  lii 
often  determined  the  direction  o\ 
vino,  and  the  vertical  walls  on  eii 
depend  for  their  precipitousnesfi 
upon  these  divisional  planes  in  t 
The  gorge  of  the  Niagara  affords  a  magnificent  and  remarkably  simple  11 
of  these  features  of  riyer-action.  At  its  lower  end,  where  it  enters  the  wide  ] 
extends  to  Lake  Ontario,  there  stretches  away,  on  either  side  of  the  river,  a  li 
and  steep  wooded  bank,  formed  by  the  escarpment  of  the  massive  Niagara  1 
Back  from  this  line  of  cliff,  through  which  it  issues  into  the  lacustrine  plain, 
of  the  river  extends  for  about  7  miles,  with  a  width  of  from  200  to  400  yaw 
depth  of  from  200  to  300  feet.  At  the  upper  end  lie  the  world-renowned  ft 
whole  of  this  great  lavine  has  unquestionably  been  cut  out  by  the  rece«i< 
falls.  When  the  river  first  began  to  flow,  it  may  have  found  the  escarpmenl 
across  its  course,  and  may  then  have  begun  the  excavation  of  its  gorge.  1 
bably,  however,  the  escarpment  and  waterfall  began  to  arise  simultaneooaly 
the  same  geological  stmctiire.    As  the  former  grew  in  height,  it  reoeded 


Fig.  109.— Windings  of  the  gorge  of  tho 
Momlle  above  Cochero. 
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starting  point.  The  riTer-nTine  likewise  crept  backwnnl,  but  iit  a  more  tupid  rate, 
and  the  iMolt  hu  been  that  while  at  present  the  cliff,  worn  down  by  atmospheric 
diaiBtegntioD,  etanda  at  Qneeuttown,  the  ravine  dng  by  the  river  extends  T  miln 
ftntbar  inlaod.  The  watofall  will  continue  to  cut  its  way  bock  aa  long  oa  the  etructare 
of  the  goige  oontiDSM  aa  it  li  now — thick  beds  of  limestone  resting  horizontally  upon 
■0ft  ihalea  (Pig.  110).     The  lonei  atrata  at  the  base  are  undcrminetl,  anil  alicc  after 

■lieeUent  offfHsn  theolifforer  which  the  catamct  poun.    The  perullcl  walls  of  this 

great  gmge  owe  their  diiection  and  muinl  charac- 
ter to  panllel  joint*  of  the  strata.    The  leuer  or 

Amaiku  faU  (A  in  Fig.  Ill),  enlera  by  the  lidc 

oT  the  lanne  aod  Ula  orer  ila  lateral  wall.    The 

^MTga  at  Canadian  (Hcme^hoe)  foil  (C)  ocoupiea 

tha  head  of  the  laTine,  and  owea  ita  form  to  the 

iabneetlon  of  two  leta  of  joiiita.    The  stmctore  of        . 

tlie  gorge  being  the  aame  at  both  falla,  it  aeema         '  ^ 

veaamable  to  infer  thai  aa  the  Amerioui  fall,  which 

■ppMta  to  he  diminishing  in  volnmo,  has  out  back      /■  ' 

only  somewhere  abont  110  feet  itom  the  original 

fikoe  of  the  iBTine,  this  branch  of  the  river  has, 

oosnpaiatiTely  apealdng,  only  recently   begnn  to 

iroA    Ooat  Iiland,  which  now  sepaiatea  the  two    ' 

fSBiUi,taan  ontlier  of  drift  retting  on  the  limestone. 

It  hi) been  cat  off  &om  the  rest  of  the  ground  on         ^wa irihc&li."'  "'         "" 

Uie  right  bank  of  the  river  i>y  the  branch  which 

r^ctiu  the  main  atream  by  the  American  falL    From  the  poeition  of  the  glacial  atria) 

it  nay  ha  nmclnded  that  a  great  part,  if  not  the  whole,  of  the  ravine  has  been  ex- 
cnviled  dnoe  the  Glacial  Period.    There  are  indicatioaa,  indeed,  of  a  pre-glacial  valley 


10.— Section  >1  ttas  HorH-idi«  FiUi, 

Ninon, 
llni  eHHMone,  300  Trrti  b,  CUiAan 
nntona  ind  Stule,  30  h«t;  c.  Nln- 
■  Shale,  00  feel)  d,  Nlipn  Uiiu~ 


"i  ^hich  the  wsten  of  Lake  Erie  joined  those  of  Ontario,  before  the  eroaion  of  tijo 
I'^^^t  gDrg&  Bakewell,  itam  bistoricail  notices  and  the  testimony  of  old  residents, 
"^''■d  that  the  reteof  reeeaaion  of  the  fulla  is  three  feet  in  a  year.  Lyell,on  no  better 
""^  sf  eridenoe,  concluded  that  "  the  average  of  one  foot  a  year  would  be  a  mnch  more 
l''^'*hla  conjecture,"  and  estimated  the  length  of  time  requinxl  for  the  excavation  of 
the  Whole  Niagara  ravine  at  35,000  years.' 


'  t-yell, '  Trareb  in  North  America,'  i.  p.  3: 


i.  p.  93.   '  Principles,'  i.  p.  3.18.  Cora- 
p.  IG!).    On  recent  changes  at  tlie 

p.  290.    Tlio  Falla  of  St.  Anthony  on 
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A  tViitmv  .if  im.n-Bt  in  tlic  fiiliire  liUHir>-  <if  thu  Niagjra  rlrtr  ilcKrTes  tn  be 
ll'iliiX''!  Iirtc.  II  is  ..■viili-nt  llint  if  tho  alructure  of  the  gorge  pontiDoeil  the  same  from 
(he  full-,  nf  I^ki-  Kri.',  ilie  r.p.ssinji  of  Ihu  fallfl  wouM  eventually  taj.  the  luka,  and 
reduce  it  lo  tli"  li'Vi-1  nf  tliu  U.tlnui  ff  the  mviiif.  SuccesBiye  stnges  in  Ihia  rttrtiit  <pf 
the  TuUh  aw  >lu<«u  in  fiB-  11'2,  liy  the  Itttcra/  to  m,  and  in  the  eoiiaequent  lowi^riti?  ■•C 
t)ie  lnko  bv  th-' t'tk-w  o. '.  tn  .-,     Iii-  lu'lirveil,  li<'W<'Ver,  thai  n  sliirht  inclination  of  lli-' 


Mmta  curries  thp  snft  unilerlyiu):  phnle  nut  nf  i»(ijiilili'  reaoli  of  tlie  fail,  whieh  «'H 
rpturd  fndeflnJIely  ihc  loniriniir  nf  ill-'  hike. 

A  waterfnll  may  twcaniinially  le  nWived  (o  have  been  prculnce-']  Ir 
the  exirteiire  nf  a  ImrdiT  iiiiil  mure  rettietiiig  linnd  or  liarrier  of  r-k 
(TOBBing  the  cotirik!  nf  the  stream,  an,  for  itifitauce,  where  the  rocks  imf 
iNjeii  i-ut  liy  nil  iiitnisivi'  ilyko  or  mass  nf  l>asalt,  or  where,  as  in  tlit 
caec  of  the  Rhine  at  Schaffhaiisen,  and  i-* 
■^■^h  ^-^^jMl  siMr  iu  that  of  the  Niagara,  the  ntream  h.i> 
^^^^B  ff^^^^^^Hw      ^'''^"  <^i^^i^<^^  <^'>t  "^  i^^  ancient  coiiiK  I?' 

f'  ■  l*  ,  ^~        t>i  cam.  out   I  new  cltannel,  and  rejtHu  it" 

I,  <  lih  1  <me  1>^  a  fall  '     In  theae  ami  all  otbrt 

( ■«  I  H    the  reiii(>\  al  of  the  hanler  niiw  ^ 
■.tin-is  tho  natti-fall,  which,  after  ^fat^K. 
into  a  h*rnB  wt  rii|)i<lti.  in  finally  lost  in  tl" 
Jteneral  abrasion  ot  tho  river-channel. 
Ihe  rcbemblanic  iif  a  dc«p  narrow  rivl■^ 


T- 


g.irge  to  11  rent  opencil  in    tlie   ground  by   Huhteminean  agency.  h»* 
often  led  to  a  mistaken  I*liof  that  euch   marked  superficial  featiiiw 
cotilJ  only  have  arisen  from  actual  violent  diolocation.     Even  wbeiv 
something  ie  conceded  to  the  river,  there  is  u  natural  tendency  to  w 
"iinic  that  there  must  have  Ixcn  «  line  nf  fiiult  and  disjilncemeni  "* 
iuFig.  113,  or  at  least  a  lincof  cmck,  and  conM^wn* 
weakness  (Fig.  U4).    But  the  existence  of  an  n.trwl 
fracture  is  not  necesearv  for  the  ll.rmation  of  a  mviuf 
of  the  first  magnitude.     The  gorge  of  the  Niapta- 
for  example,  has  not  l)cen  deturmined  I>y  any  dislo- 
cation.    StUl  moro  impreswv,-  Yiroof  of  *be  same  tn^^ 
in  fumiahed  !>>•  the  moat  marveUo>iB  river-gcrKW  -^m^ 
[i''l«f^       the  world— these  of  the  Colvjtalo  iegw>^  "|  ^'.'^=» 
America.    The  rivers  there  ft.  ,^  m  ro.vine6  ihom'^X    _ 
l«li  and  hnndieda  of  miles  hmg,  thrv^   ^v  -e*^^  ta-W-lJiw^^s^^ 
ii'ri7OTital  Btrate.'    Tho  Grand  Can.-u  \-■rtle^  "'  '^*'     ""^     - 

"  vaS.  tW'"'  ^^S>- 

.:  ;■!    !..i      wiplinc  lo  Wincliell,  n  rate  nf  t-     ^        ipn  "i^^v^n*  in  l^i^N^ 
.'  iliole  tw-MMoii  Bine-  il.v-<U»c.w  ^^'^ot  t^""'**  ^^ 

<(.  X  GttA.  ^.  Mxiv.  11.  ^       ^veO 
fmhiK  1871.  p.  5M.  «W9 
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JTer  ia  300  miles  long,  and  in  ttoino  pla< 
leptb.    In  mimy  instances,  there  are  two  cau 


more  than  eOOO  feet  in 
i,  the  upper  being  sovgi-al 


>Mleii  wide,  with  vast  linos  of  clifl'-wallK  wnd  a  bruatl  plain  between  them, 
^  "which  runs  the  ee<«ud  canon  as  unother  deep  gorge  with  the  river 
^Hiding  over  it*  lottom.     The  country  in  Imrdly  to  be  iT(«»e(l  except 
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by  bir<i2k  <c  t  r:  :•  iin<ily  hae  it  been  trenched  by  these  nnmerouB  gorge 
Yet  the  wb-'jle  :f  "i^if^  cXv?a virion  has  been  effected  by  the  erosive  actio 
■:f  the  jtr^rAZLS  •ircisel^t:*.-  S^me  idea  of  the  yastness  of  the  eroaa 
cf  th<e»e  rLi»«:ix  oii&y  be  f.^imed  from  Fig.  115,  the  Frontispiece  to  thi 
volume.  1:1.1  :r:e  iZ-iscnriocs  in  Book  TIL 

1-=.  tze  exc:ftT:id^ii  ct  a  ravine,  whether  by  the  recession  of  i 
w^ftrcrfiU  :r  ?f  a  aeiietf  cf  rapidsw  the  action  of  the  river  is  more  effective 
th;tr  rha:  ■:(  the  arzi'.'^piierio  agents.  The  sides  of  the  ravine  coiue- 
^r/i^'uzly  re&kis.  tlieir  vertical  character,  which,  where  they  coincide  with 
I::-.'.*  .'f  Joint..  »  farther  preserved  by  the  way  in  which  atmospheric 
^'Vi*:herin^  acG»  aI>l  u  the  jixnt&  Bnt  where,  from  the  nature  of  tho 
^r.'a::vl  or  ox  the  clisiAte,  the  denuding  action  of  rain,  frost,  and  genenJ 
^vatherin^  x;»  nioce  rapid  than  that  of  the  river,  a  wider  and  opener 
valley  is  hollowed  out,  throogh  which  the  river  flows,  canying  awiy 
:he  n'.oift?riaI$  w:whed  into  it  &um  the  surrounding  slopes  by  rain  and 

.^.  lU^fvdmctif^  iWer. — Every  body  of  vrater  which,  when  iii  luoiioii, 

v.-^irrix.-fijL  along  sedizuent.  dzv^p?  it  when  at  rest.  The  moment  a  current 
1;.4S  :»  »pi\lity  checked,  it  is  deprived  of  some  of  its  carrying  power, 
Aiv.l  logins  ;o  k>ie  hold  upon  its  sediment,  which  tends  more  and  more 
:.*  :^tik  and  hal:  ou  the  K'ttom  the  slower  the  motion  of  the  water.  In 
Kig.  i;^  the  river  in  dv^wing  from  a  to  6  has  a  less  angle  of  declivity 
.kv.,!  jh  «iuulcr  tr;fci:i*^vrriiig  ]x»wer.  and  will  therefore  have  a  greater 
ror.denoy  to  thrt^w  down  sediment,  than  in  descending  the  steeper 
gradicr.t  trv>iu  ^  to  .-. 

In  the  cooi^'*  of  every  brook  aud  river,  there  are  frequent  checks  to 
:ho  curr\>iit.  If  theism  aw  c3Eaumiod«  they  "will  usually  bo  found  to  be 
viAoh  marked  by  a  more  or  lees  c^^uspicuous  deposit  of  sediment.  We 
Ku*iy  iioti«.v  fiicvcu  didorcnt  situations  in  which  stream-deposits  or  ollnWia 
mav  Iv  aoi'uuiulated. 

11*^  At  tho  t\x^t  of  Mountain  Slopes. — When  a  runnel  or  torrent 
de6<^vuds  a  sit*x*p  d^vlivity  it  tears  down  the  soil  and  rocks,  cutting  * 
gash  out  of  tho  side  of  the  mountain  \^Fig.  117).  On  reaching  tho  more 
level  ijrouiid  at  the  l>as<»  of  the  slojv.  tho  water,  abruptly  checked  in  it« 
velvvity,  at  oui.v  dn*j'«t  its  v\>arskr  se^limeut,  which  gathers  in  a  ftn- 
shaixvl  pile  or  o^me  ^^  "  t\>iic'  lie  dejt'ctioH  ** ;  "  Murbru^he  "  ^),  with  the  apex 
pLunting  up  the  water-vvurse.  Huge  accumulations  of  boulders  and 
sliiiigle  may  thus  be  seen  at  the  fix^t  of  such  torrents, — the  water 
flijwin^  through  theuu  often  in  several  channels  which  rc-unito  in  the 
I'laiu  Wyoud.  Fi\»ui  the  depv>sii^  uf  small  streams,  every  gradation  of 
bize  may  be  tnici\l  up  to  hugi'  fans  many  miles  in  diameter  and  several 

*  For  dei»crii>tioiitf  uml  tiv;ui\s  of  thi?  nmu^rkftMo  ropioii,  see  Ivoh  and  Newbtrry. 
*  Kiplontioiu  of  the  Colorado  Rivt  r  of  x\w  W*  st,"  lJJ«^l :  J.  W.  Powoll,  •  Explowtiflft 
or  the  Colorado  River  of  tho  Wo»t  and  it«  Trilmt*ine*,' 1ST5  ;  Captaiu  Duttoii,  *  Tertiary 
II^IS^  ^^  Onmd  Calion  of  tho  Colonulo ' :  Mouoijraph  IT.  V.S.  Gtoloitieal  Sunti* 

t   -i-2:  ^J^'^J^^'^  ^^•'-  iJe-iVAwiw^,  rxv.  WTo),  p.  V»7,  vhere  au  iuterwtingaocuiint 
,^  u  flvm  fifths  dsbaalsB  or  the  I^ioL 
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led  feet  thick,  eaoh  aa  ooour  in  the  upper  basin  of  the  Indus'  and 
be  flanks  of  the  Bocky  Mountains,'  and  other  ranges  in  North 


rica  (Fig,  118).     The  level  of  the  valleys  in  the  Tyrol  lias  been 
Uy  raised  within  historic  times  by  the  detritus  swept  iuto  them 


the  surrouudiag  muuntains.     Old  churches  and  other  buildings  are 
boried  in  the  accumiilatcd  sediment.^ 


I)  In  Kivi.'r-buds. — Thin  in  cliHractt'rUtiually  bLowii    by  the  accn- 
tion  of  (t   l«d  of  Hand  or  shingle  iit  tlio   concave   side  of  each 

'«  40  interesting  account  of   the  alluvial   depoBitu  of   this  region,  see  Drew, 

0wl.  Sue.  xxix.  p.  441 :  also  hia  '  Juiumoo  and  Knibniert)  TerrilorieB,'  18T5. 

tM  DnttDn'i '  [ligli  Plateaux  of  Utali.'      HaTden's  •  Reporta  of  the  U.S.  Goo- 

I  and  O«o;;ra|iliical  Survovaof  the  Turritoriea.' 

}.  A.  Kodk,  JiAri.0t6l.  ^eichtanU.  ut.  (ISTO)  p.  123. 
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Bharp  bend  of  a  river-course.  While  the  main  upper  current  is  malm: 
a  more  rapid  sweep  round  the  opposite  Ixink,  under-currents  pass  aoro 
to  the  inner  side  of  the  curve  and  drop  there  their  freight  of  loo 
detritus,  which,  when  laid  bare  in  dry  weather,  forms  the  famili 
sand-bank  or  shingle  beach.  Again,  when  a  river,  well  supplied  wii 
sediment,  leaves  mountainous  ground  where  its  course  has  been  rapi 
and  enters  a  region  of  level  plain,  it  l)egins  to  drop  its  burden  on  tl 
channel,  which  is  thereby  heightened,  till  it  may  actually  rise  above  tl 
level  of  the  surrounding  plains  (Fig.  119). 

Tliifl  tendency  u  displayed  by  the  Adige,  Keno,  and  Brenta,  which,  descending  fn 
the  Alps  well  supplied  with  detritus,  debouch  on  the  plains  of  the  Po.  The  Po  it* 
has  been  quoted  as  an  instance  of  a  river  continuing  to  heighten  its  bed,  while  man 
self-defence  heightens  its  embankments,  imtU  the  surface  of  the  river  becomes  higl 
than  the  plains  on  either  side.  It  has  been  shown  by  Lombardini,  however,  that  f 
bed  of  this  river  has  undergone  very  little  change  for  centuries ;  that  only  here  ■ 
there  docs  the  mean  height  of  the  water  rise  above  the  level  of  the  plains,  being  genera 
considerably  below  it,  and  that  even  in  a  high  flood  the  surface  of  the  river  is  scares 
ten  feet  above  the  pavement  in  front  of  the  Palace  at  Ferrara.  The  Po  and 
tributaries  have  been  carefully  embanked,  so  that  much  of  the  sediment  of  the  lir* 
instead  of  accumulating  on  the  plains  of  Lombardy,  as  it  naturally  would  do,  in  eara 
out  into  the  Adriatic.  Hence,  partly,  no  doubt,  the  remarkably  rapi<l  rate  of  g^*^ 
of  the  delta  of  the  Po.  But  in  such  cases,  man  needs  all  his  skill  and  labour  to  k 
the  banks  secure.    Even  with  his  utmost  efforts,  the  river  will  now  and  then  bs 


/TTTT  trntmna   t    j/v,  '        t.'ni  ■**  . 


Fig.  119.— Section  of  a  River-plain,  showing  heightening  of  channel  1>y  deposit  of  wdiment  (£r.) 

through,  sweeping  down  the  barrier  which  it  has  itself  made,  ns  well  as  any  a4ldit£« 
embankments  construet<;d  by  him,  and  currying  its  flood  far  and  wide  over  the  p  J 
Left  to  itself,  the  river  would  incessantly  shift  its  course,  until  in  turn  every  pasr 
the  plain  had  been  again  and  again  traversed.  It  is  indeed  in  this  way  that  a  ^ 
alluvial  plain  is  gradually  levelled  and  heightened.* 

(c)  On  Biver-banks  and  Flood-plains. — Ah  is  partly  implied  in 
action  described  in  the  foregoing  paragraph,  alluvium  is  laid  down. 
the  level  tracts  or  flood-plain  over  which  a  river  spreads  in  flood, 
consists  usually  of  line  silt,  mud,  earth,  or  sand ;  though  close  to 
channel  it  may  be  partly  made  up  of  coai-ser  materials.    When  a  floo^ 
river  overflows,  the  i)ortious  of  water  which  spread  out  on  the  plaJ 
by  losing  velocity,  and  cousequently  power  of  transport,  are  compel 
to  let  fall  more  or  less  of  their  mud  and  sand.    If  the  plains  happen  to» 
covered  with  wood,  bushes,  scrub,  or  tall  grass,  the  vegetation  acts  ' 
part  of  a  sieve,  and  filters  the  muddy  water,  which  may  rejoin  the  rxn 
stream  comparatively  clear.     The  height  of  the  i)lain  is  tiiua  increaJ 
by  every  flood,  until,  partly  from  this  cause  and  partly,  in  the  cane  o 
rapid  stream,  from  the  erosion  of  the  channel,  the  plain  can  no  lonj 

*  It  is  in  the  north  of  Italy  tliat  the  struggle  between  man  and  nature  iu  this  depi 
ment  has  been  most  persistently  waged.    8ee  on  this  subject  Lombardini,  in  Jam. 
P(mts  et  CKaunfe»,  1847.     Beardmore's  *  Tables/  p.  172.     The  bed  of  the  Yang' 
Kiang  has  been  raised  in  places  far  above  the  level  of  the  surrounding  eountty  by 
process  of  embanking.     E.  L.  Oxenham,  Journ.  Geograph.  Soc.  xlv.  (1875)  p.  188. 
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btorerspread  by  the  river.  As  the  chsBnel  ie  more  and  more  deepened, 
the  river  oontinnea,  as  hefore,  to  he  liable,  from  inequalitieB  in  the 
■ittnial  of  its  bankB,  sometimes  of  the  most  trifling  kind,  and  from  the 
liehaTioaT  of  irater  flon'ing  in  irregular  channels,  to  ^vind  from  side  to 
nde  in  wide  cnrves  and  loopB,  and  cats  into  its  old  alluvium,  making 
grentaally  a  newer  plain  at  a  lower  level.  Prolonged  erosion  carriee 
the  channel  to  a  still  lower  level,  where  the  stream  can  attack  the  later 
lUsTial  deposit,  and  form  a  stili  lower  and  nnwor  one.    The  river  cornea 


Fig.  im.— Section ofRLvrr-li!: 

^  tbia  means  to  be  fringed  with  a  aeries  of  terraces  (Fig.  120),  the 
nr&co  of  each  of  which  represents  a  former  flood-level  of  the  stream. 

la  BritMD,  it  ii  common  to  find  three  taoh  teriaceB,  but  aometimct  m  nuiDy  as  six  or 
Wlm  (r  eren  more  maj  occur.  On  the  Seine  and  otlier  tiver«  of  the  North  of  Franoe, 
tten  it «  marked  tcmee  at  a  hei^t  of  li!  to  17  metres  above  the  present  water-level, 
bloilb  Araerlce,the  rirer-terracM  exi^t  on  so  gtHodaBCale  that  the  geologitts  of  that 


-.->.'^: 


"•Mnr  hare  named  one  of  the  later  pcriodi  of  geological  bUtor}',  dnrio);  whioli  tboao 
'tnitt  were  formed,  the  Ttrraet  Epoch.  The  modern  alluvium  of  the  ttiieiMiiipi, 
'•"tt  the  month  of  the  Ohio  to  the  Golf  of  Meiico,  eovers  nn  area  of  19,450  miles,  and 
^  a  breadth  of  from  25  to  7.1  miles  and  a  depth  of  from  25  to  40  feet.  The  old 
^mn  of  the  Amazon  likewise  forma  eitcnsive  lines  of  cliff  for  hondreds  of  miles, 
^^Mth  which  a  newer  platlbrm  of  dctritna  is  being  formeil.' 

In  the  attempt  to  reconBtnict  the  history  of  the  old  river-terraces 
"f  B  countrj-,  we  have  to  conuider  whether  they  have  been  entirely 

■o  well  brought  out  in 
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cut  out  of  older  alluvium  (in  which  case,  of  course,  the  valleys  mnrt 
have  l)een  deeper  and  broader  than  now,  before  the  formation  of  the 
terraces) ;  whether  they  afford  any  indications  of  having  been  formed 
during  a  period  of  greater  rainfall,  when  the  rivers  were  larger  than  at 
present ;  whether  they  point  to  upheaval  of  the  interior  of  the  countij, 
which  would  accelerate  the  erosive  action  of  the  streams,  or  to  depreesion 
of  the  interior  or  rise  of  the  seaward  tracts,  which  would  diminish  tittt 
action  and  increase  the  deposition  of  alluviiim.  Professor  Dana  Ins 
connected  the  terraces  of  America  with  the  elevation  of  the  axis  of  that 
continent,  llicre  can  be  no  doubt  that  both  in  Europe  and  N(H:th 
America  the  rivers  at  a  comparatively  recent  geological  period  had  a 
much  greater  volume  than  they  now  possess. 

(d)  In  Lakes. — ^When  a  river  enters  a  lake  its  cuiTont  is  at  once 
checked,  and  its  sediment  begins  to  spread  in  fan-shape  over  the  lake- 
bottom  (c  in  Fig.  122).    Every  trik- 
tary  stream  brings  in  its  contribution 
of  detritus.     In  this  way,  a  series  of 
shoals  is  pushed  out  into  the  lake 
(Fig.  123).     This  phenomenon  may 
frequently  be  instructively  obeenred 
from  a  height  overlooking  a  small 
lake  among  mountains.    At  the  month 
of  each  torrent  or  brook  lies  a  little 
tongue  of  its  alluvium  (a  true  delta\  through  which  the  streamlet  winil« 
in  one  or  more  branches,  before  mingling  its  waters  with  those  of  the 


Kig.  122.— Streamlet  (f>)  entering  a  Rinall  lake 
(«),  and  depositing  a  fan  of  sediment  (c). 


Fig,  123.— rian  of  a  lake  ent^ro*!  by  three  streams 
(c,  d,  e),  each  of  wliich  de^HJitits  a  cone  of  sedi- 
ment (a,  b)  at  its  moutli. 


Fig.  124.—Lake  (as  in  Fig,  123^)  fllUd  up  and*** 
verted  Into  an  alluvial  plain  by  the  tkK* 
streams,  c,  d,  c 


lake.  Two  streams  entering  a  lake  from  opposite  sides  may  join  their 
alluvia,  so  as  to  divide  the  lake  into  two,  like  the  once  united  lakes  of 
Thun  and  Brienz  at  Interlaken.  Or,  by  the  advance  of  the  alluvial 
deposits,  the  lake  may  bo  finally  filled  up  altogether,  as  has  happencJ 
in  innumerable  cases  in  all  mountainous  countries  (Fig.  124\ 

The  rapidity  of  the  infilling  is  sometimes  not  a  little  remnrkahlc.  Sinco  tho  vctf 
1714,  the  KandtT  is  said  to  have  thrown  into  tho  Lake  of  Thuii  a  delta  meitfnrin!? 
230  acres,  now  partly  woodland,  partly  meadow  and  marsh.  The  Aar.  at  its  cutraco  into 
tlie  Lake  of  Brienz  lias  de[»08ited  a  delta  3500  to  4000  fet.>t  broad,  formed  of  detritoa  whkb 
at  the  mouth  of  tlie  river  has  an  outward  slope  of  30°,  tlmt  gradually  falls  to  the 
nearly  level  hike  floor.    In  twenty-seven  years  after  its  rcctiflcation  the  Reuss  had  U«l 
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own  in  the  Lake  of  Lncenie  a  delta  estimatod  to  contain  upwards  of  141  million  of 
nUc  feet  of  sediment*  which  is  equivalent  to  a  discharge  of  19,350  cubic  feet  in  a  day,  or 
learij  7,000,000  cubic  feet  in  a  ycar.^ 

In  the  case  of  a  large  lake  whoso  length  is  great  in  proportion  to  the  volume  of  tlie 
aibatarj  river,  the  wliole  of  the  detritus  may  be  deposited,  so  tliat,  at  the  outflow,  the 
iifB  becomes  as  dear  as  when  its  infant  waters  began  their  course  from  the  springs, 
BOiw%  and  mists  of  the  &r  mountains.  Thus,  the  Ilhone  enters  the  Lake  of  Gkineva 
kailNd  and  impetuous,  but  escapes  at  Geneva  ns  blue  translucent  water.  Its  sediment 
bkid  down  on  the  floor  of  the  lake,  and  chiefly  at  the  upper  end,  as  an  important  delta 
vfaieh  quite  rivals  that  of  a  great  river  in  the  sea.  Hence,  lakes  act  as  filters  or  sieyes 
to  intercept  the  sediment  which  is  trayelling  in  the  rivers  from  the  high  grounds  to  the 
M  (p.  359). 

(e)  Estnarine  Deposits;  Bars  and  Lagoon-baniers. — If  we  take  a 
Iroad  view  of  terrestrial  degradation,  we  must  admit  that  the  deposit  of 
tny  sediment  on  the  land  is  only  temporary ;  the  inevitable  destination 
of  aU  detrital  material  is  the  floor  of  the  sea.  Where  a  gently  flowing 
liver  comes  within  the  influence  of  the  alternate  lise  and  fall  of  the 
tides,  a  now  set  of  conditions  is  established  in  regard  to  the  disposal  of 
the  sediment.  During  the  flow  of  the  tide  in  the  Severn,  for  example,  the 
uspended  mud  is  carried  up  the  estuaiy,  and  sometimes  far  up  its  tribu- 
taries. For  two-thirds  of  the  ebb,  though  the  surface-water  is  running  out 
npidly,  the  bottom-water  is  practically  at  rest :  only  during  the  remaining 
tldrd  of  the  ebb  does  the  bottom-water  flow  outwards  and  with  sufficient 
▼elodty  to  scour  the  channel.  But  this  lasts  for  so  short  a  time  that  it 
harlly  removes  as  much  mud  or  sand  as  has  been  laid  do\vn  during  flood 
and  the  earlier  part  of  ebb-tide.  Hence  the  sediment  is  in  a  state  oi 
ooDtinnal  oscillation  upward  and  downward  in  the  estuary.  At  the 
lower  end,  some  portion  of  it  is  continually  being  swept  out  to  sea.  At 
the  npjKjr  end,  fresh  material  of  similar  kind  is  being  supplied  by  the 
river.  But,  between  these  two  limits,  the  same  sediment  may  be  kept 
in  Buspension  or  may  be  alternately  deposited  and  removed  for  many 
Weeks  or  months  before  it  finally  escapes  to  sea  and  is  spread  out  on  the 
bottom.  To  this  cause,  doubtless,  the  remarkable  turbidity  of  many 
estuaries  is  to  be  attributed.^ 

Where  a  river,  with  a  considerable  velocity  of  current,  enters  the  sea, 
its  mouth  is  commonly  obstructed  by  a  bar  of  gravel,  sand,  or  mud.  The 
formation  of  this  barrier  results  from  the  conflict  between  the  river  and 
the  ocean.  The  muddy  fresh  water  floats  on  the  heavier  salt  water,  its 
current  is  lessened,  and  it  can  no  longer  push  along  the  mass  of  detritus 
*t  the  bottom,  which  therefore  accumulates  and  tends  to  form  a  bar. 
Moreover,  as  already  mentioned  (p.  355),  though  fresh  water  can  for  a 
I'JUg  time  retain  line  mud  in  suspension,  this  sediment  is  rapidly 
thrown  down  when  the  fresh  is  mixed  with  saline  water.  Hence,  apart 
from  the  necessary  loss  of  transporting  power  by  the  checking  of  the 
current  at  the  river-mouth,  the  mere  mingling  of  a  river  with  the 
wa  must  of  itself  bo  a  cause  of  the  deposit  of  sediment.     Moreover, 

'  A.  Heim,  Jahrb,  Sdueehtr  AlpenMuh*,  1879. 

*  8ee  an  interesting  paper  by  Prof.  SoUos,  Q.  J.  Qeol  Soe,  xxxix.  (188.S)  p.  Gil,  nml 
ivthoritics  there  cite<l. 
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n  many  cases  the  the  sea  itself  piles  up  great  part  of  the  Band  and  graven 
of  the  bar.  Heavy  river-floods  push  the  bar  farther  to  sea,  or  eves 
temporarily  destroy  it;  storms  from  the  sea,  on  the  other  hand,  drive  fi 

farther  up  the  stream. 

Some  of  these  facts  in  the  economy  of  rivers  have  been  well  studied  at  tho  months  • 
the  Mississippi.    At  the  soath-west  pass,  the  bar  is  equal  in  bulk  to  a  solid  man  ob% 
mile  square  and  400  feet  thick,  and  advances  at  the  rate  of  838  feet  each  year.    It  « 
formed  where  tho  river  water  begins  to  ascend  over  tho  heavier  salt  water  of  the 
and  consists  mainly  of  the  sediment  that  is  pushed  along  the  bed  of  the  river. 

singular  feature  of  the  Missiasippi 
the  formation  upon  them  of  **  mud-lump  m 
These  are  masses  of  tough  day, 
L^^      ^^  ^^/"^  iJi  *Jz6  from  mere  protubennoea  like 

^/^  --^  ^^       ^  r^-^  trunks,  up  to  islands  several  acrea  In  ^ 

,^'-^  tent     They  rise  suddenly,  and 

^^  X  heights  of  from  3  to  10,  nmetimc 

18  feet  above  the  sea  loveL  Bah 
emitting  inflammable  gas  rite  vpon 
After  the  lapse  of  a  considenlile  tiiK 
the  springs  cease  to  emit  gas,  and  -% 
lumps  are  worn  away  by  the 


Fig.  126.- Shingle  and  fmd-BpIt  CO  at  the  mouthof     ^^^  ^ver  and  the  gulf.    The  origiife. 
an  OBtuary  (c\  entered  by  a  river,  and  opening  upon      ^,  ,        ,  *.  ..    *     <» 

on  exposed  rocky  coaftt-iinc  (/?.)•  these  excRSoenccs  has  been  attributed 

the  generation  of  carburetted  hydvc^s 

by  the  decomposing  vegetable  matter  in  the  sediment  underlying  the  tenaciooi  ^1 

of  tho  bars.^ 

Conspicuous  examples  of  the  formation  of  detritul  bars  moy  occasionally  be  oUsiui  w 
at  the  mouths  of  narrow  cstuarie^  as  at  e  in  Fig.  125.    A  constant  struggle  takes  'pS%i 
in  such  situations  between  the  tidal  currents  and  waves  which  tend  to  heap  up  tho  1^ 
and  block  tlie  ontraiico  to  the  esluar}-,  and  the  scour  of  the  river  and  ebb-tide 
endeavours  to  keep  tho  passage  open. 

Another  remarkable  illustration  of  the  contest  between  alluvium-carrying 
and  the  land-eroding  ocean  is  shown  by  the  vast  lines  of  bar  or  bank  which 

Fig.  126.— Section  of  bar  and  higoon.    Slapton  Pot-l,  Start  Bay,  Devon  (W.). 

along  the  coasts  both  of  the  Old  and  the  New  World.    Tho  streams  do  not  flow  st 
into  the  sea,  but  run  sometimes  for  many  miles  parallel  to  the  shore-line,  accumi 
beliind  the  barriers  into  broad  and  long  lagoons,  but  eventually  breaking  tbior 
barriers  of  alluvium  and  entering  the  sea.    On  a  small  scale,  examples  oecui 
coasts  of  the  British  Islands,  as  ot  Start  Bay,  Devon  (Fig.  126),  where  the  s) 
with  their  weathered  surface  (d)  are  flanked  by  a  fresh-water  lake  (e),  ponded  b 
bar  Qi)  from  the  sea  (a).    The  lagoons  of  the  Italian  coast,  and  the  Kuriscbe  and 
Haf  in  the  Baltic,  near  Dantzic,  are  familiar  examples.    A  conspicuous  serief 
alluvial  bars  fronts  the  American  mainland  for  many  hundred  miles  round  tl 
Mexico  nud  the  shores  of  Florida,  Georgia,  and  North  Carolina  (Fig.  127).*    1 

^  Humphreys  and  Abbot,  *  Keport  on  Mississippi  Rlw/  18G1,  p.  4/ 
*  See  Keport  by  H.  D.  Kogers,  Brit.  Assoc,  iii.  p.  IS." 
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aovuti  hmidied  inileB  on  the  east  const  of  ludia  is  Bimilarly  bordered.  £lio  do  Botiumoui, 
indeed,  ertfmatied  that  abont  a  third  of  the  whole  of  the  coast-liues  of  tho  contiuents  is 
fHqged  with  soch  alluvial  hara.^ 

On  a  ooast-line  Buch  as  that  of 'Western  Europe,  subject  both  to  powerful  tidal  actiou 
and  to  Strang  gales  of  wind,  many  interesting  illustrations  may  be  utiidiod  of  the  struggle 
lietween  the  rivers  and  tho  sea,  as  to  tho  disposal  of  tho  sediment  borne  from  tho  land. 
]>e  la  Bedie  described  an  example  from  the  coast  of  South  Wales  whcro  two  streams, 
tlie  Xowey  and  Nedd  (a  and  6,  Fig.  128),  enter  Swansea  Bay,  bearing  with  them  a 


Fig.  137.— Plan  of  cout-bjin  and  lagooiw.    Cua«t  of  Florida. 

cHWWidBnble  amount  of  sandy  and  muddy  sediment    Tho  fine  mud  is  carried  by  tho 

ebb-^e  {i  t  i)  into  the  sheltered  bay  between  Swansea  (c)  and  tho  Mumblo  Rocks  (e), 

liai  hi  portly  tnrept  round  this  headland  into  tho  Bristol  Channel.    The  coar&or  sandy 

petiimci^t,  more  rapidly  thrown  down,  is  stirred  up  and  driven  shorowords  by  tho 

Vieaken  caused  by  the  prevalent  west  and  soutli-wcst  winds  (ic).    Tho  sundy  flats 

thox«by  formed  are  partly  uncovered  at  low  water,  and  being  tlien  dried  by  the  wind, 

snpply  it  with  the  sand  which  it  blows  inhind  to  form  the  lines  of  sand-dunes  (/).' 
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Fig.  128.— >Actioii  of  riven*,  tides,  and  winds  in  Swanst'a  lUy  (/y.\ 

(/)  Deltas  in  the  Sea.— Tho  tendency  of  Boiliment  to  accumulate 

'**  *  tongue  of  flat  land  when  a  river  loses  itself  in  a  lake,  is  exhibited 

^    ^  vaster  scale  where  tho  great  riverH  of  tho  continents  enter  the 

*^*      It  was  to  one  of  these  maritime  accuinulationH,  that  of  the  Nile, 

of  *^    *  Leoons de Geologle pratique,'  i.  p.  219.    In  this  volume  some  mtercstlug  examples 
*U|8  kind  of  deposit  are  described.  '  *  Geological  Observer/  p.  88. 
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tliat  tho  Greeks  gavo  the  name  Delta,  from  its  resomlilance  to  theit 
letter  A,  witli  the  apex  i)omting  up  the  river,  and  the  base  fronting  Hu 
fiCA.  Thiti  shape  being  the  common  ono  in  all  snch  alluvial  dcpositiit 
river  iiioulliB,  tho  term  delta  haa  become  their  general  designatioa. 
A  delta  consiists  of  siicceaaivo  layers  of  dotrituB,  brought  down  ftm 
tho  liiiid  aud  spread  out  at  the  mouth  of  a  river,  until  thej  met 
tho  Burfaco,  and  then,  ])artly  by  growth  of  vegetation  and  partly  bif 
flooding  of  tlio  river,  form  a  plain,  of  which  tho  inner  and  higher 
portion  comes  eventually  to  bo  obovo  the  reach  of  floods.  Lugn 
quaiitities  of  drift-wooil  are  oftca  carried  down,  and  bodies  of  aninali 
are  swept  olTto  bu  buriod  iu  the  delta,  or  even  to  bo  floated  outtoKi. 
Ileneo,  in  deposits  funned  at  tho  months  of  livcrB,  wo  may  alwsp 
expect  to  And  terrestrial  organic  remains. 

A  dolta  does  nut  necessarily  form  at  every  river-mouth,  even  where 
tliere  is  plenty  of  Hedinicnt.  In  particular,  where  tho  coast-lino  on 
either  side  is  lofty,  and  the  water  deep,  or  where  tiie  coast  is  swept  I'jr 
powerful  tidal  currents,  there  is  no  delta.'  In  some  oases,  too,  the 
soilimeut  spreads  out  over  the  sea-bottom  without  being  allowed  bf  ttn^ 
sea  to  build  itself  up  into  land,  as  happens  at  tho  months  of  some  of 
tho  livers  in  the  north-west  of  Franco. 

When  a  river  enters  upon  tho  delta  portion  of  its  course  it  asnimo« 
a  new  character.  In  the  previous  parts  of  its  journey  it  is  augracuU.- J 
by  tiibutaries ;  but  now  it  Ixigins  to  split  up  into  branches,  which  wiutl 
to  and  fro  through  tho  flat  alluvial  land,  often  coalesciug  and  HoM-*^ 
ODclosiug  insular  s)>aceB  of  all  dimenaious.  The  feeble  current,  ix^ 
longer  aV>le  to  bear  along  all  its  weight  of  sediment,  allo^v-s  much  of  it 't*^ 
sink  to  tho  bottom  aud  to  gather  over  tho  tracts  which  are  from  time  **' 
time  submerged.  Hence  many  of  the  channels  are  choked  up,  whil* 
others  are  openeil  out  in  tlio  plain,  to  be  in  turn  abandoned ;  and  th**"* 
tho  river  restlessly  shifts  its  channels.  The  seaward  ends  of  at  lcft.»* 
tho  main  channels  grow  outwards  by  tho  constant  accumulation  *^' 
detritus  puKlicd  into  the  sea,  unless  this  growth  chances  to  be  chocko^ 
by  any  manue  curieiit  sweeping  past  tho  dolta. 

ThMu  ftutima  iiro  nowboro  more  atrikiugly  displayed  tlian  bj  tlio  great  delta  rf  tl»* 
Mismnaippi  (Fig.  li'J).  The  nrc«  of  tbia  va-it  eipooM  of  oUuTinm  U  ginm  kt  lliSO" 
aiuero  iniica,  ndvancing  nt  the  rate  of  •itii  feet  yearly  into  tbo  Gulf  of  Uexko  li  * 
point  nliidi  ia  now  22il  mili'a  from  (ho  lieail  of  the  dclla.*  On  a  fwii|ll«r  »■** 
the  Tivi>rs  of  Kuro|>c  fiirnieh  maoy  cxwllunt  iliuBtriLtioni  of  delta^^nnrth.  TliH  tli* 
Ittiiuo,  MeUBc,  BHiiibro,  Scheldl,  nnd  other  tivcra  liare  finroed  tha  wiifa  ■■rili^^ 
I'liiin  uf  Holliiud  nnd  the  Nctlicrlonda.  The  Rhone,  which  hoi  deptxtM  anl^Bilao' 
ilellii  ill  Ibii  Mi.'dili-rruiieuii  Sen,  ia  eompuled  to  furnish  eveiy  yaw  (by  tlin  V  ■■' 
ltln"iiit)  iilxiiit  four  Hiillioiia  of  cubic  mHroa  of  sediment  tii  thi-  ibun.'«.  Tii- 
ifii.livi  uf  tho  Adri.itiu  fkii  nru  being  so  rapidly  Bhimowed  audflUad, 


'  C'uiisult  A<iiiiiml  S|imll'e  memoir,  'An  inveatlgaHanorthe^hAi 
r,.N..  iiilliunc,.  „ii  11.,  \-Ll..-a  JqiuBil.'  folio,  Londoa.  18H.  ^^ 

'  IItiin|ihre)siimlAlilx.t,  0^1.  (■(■(.;  sou  atw  0.  JBmflii,  ttttL  K 
1. 1>.  Ifi.,.    TIjo  li,lL-  huu  a  mean  riw  of  Ifi.iadM  <- 
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_^L.^fij'aA  other  aliekiiiB,  tbnt  Bavenna,  originall;  btiilt  in  a  Ingoon  like  Venice,  ia 
xkO*  i  miles  tnra  the  ie»,  and  the  pott  of  Adrie,  so  well  known  in  anoient  timcB  an  to 
X»^K  gifea  Ita  name  lo  the  Adriatic,  ia  now  14  tuilas  inlaud,  wliilo  on  otliec  parts  of 
-ftX^  eoait-line  the  breadth  of  laod  gained  within  tho  lagt  IWO  jean  lioa  been  as  innch 
^M^  10  mtlea.  Boring;!  Hyi  water  near  Venice  to  a  deptii  of  572  foet  have  diBclotcd  a 
^pKBHenim  of  nearly  horizontal  clajH,  Bands,  and.  ligniUrcrooa  beds.  Slarjne  ahclls 
^0!DmUam,  Ae.)  ooeai  ia  the  Band;  layers;  the  ligiiitaB  and  lignitiferoui  ckys  contain 
3,— •nrilfg.iitaliiili  and  terrestrial  sheila  (_Sueeinea,  I'tipa,  BelU),  the  whoto  saccsssioD  of 
^l.tf(oiltB  indieating  an  alternation  of  marine  and  terrestrial  or  fresh-water  conditions.' 
<!>■  Ike  opfwaite  tiide  of  the  Italian  peningulo,  great  additions  have  been  made  to  the 
tl  I  Wll  llliw  within  tlu)  historical  period.  II  is  computed  that  the  Tuscan  rivers  lay  down 
^tm  nach  ai  12  millioa  cubic  yards  of  sediment  every  year  witbin  tbe  marshea  of  tho 
Jtfwanma.  Tbe  " yellow"  Tiber,  ns  it  was  aptly  termed  by  the  Romans,  owes  its 
ooloor  to  tho  abondjuioe  of  the  sediment  whii^  it  carries  to  sea.  It  has  long  been 
adding  to  tho  co(ut-lino  around  its  month  at  the  rale  of  fiHim  12  tolSfeetperannnm.  Tho 


Fig.  12».— Map  at  Dclts  of  MlulHtppl. 

^''^ieiii  harbour  of  Ostfa  is  now  consd^uently  more  than  3  miles  inland.  Its  mina  aro 
^*  prcnnt  b<Hug  excafated,  but  every  Hood  of  the  river  leaves  a  thick  deposit  of  mnd  on 
^  stieets  and  on  tho  floors  of  the  uncovered  hooses.  Honco  it  would  seem  that  the 
~">tr  lias  not  only  advanced  its  coast-line  bat  baa  rttiacd  its  bed  on  the  plains,  by  tho 
^poiil  of  sUnviDRi,  so  that  it  now  overflows  places  which,  2000  years  ago,  could  not 
""e  letn  so  freqaently  under  water.*    In  the  Black  Sea,  a  great  delta  is  rapidly 


„  '  Rlie  de  Beaumont,  '  Lccona  do  Gikilogiu  pratiiiiie,"  i.  p.  32S.  Oeul.  JUuj.  ii. 
('8p),  p.  486. 

.,  Sr«  an  intereadng  article  by  rroffssor  Chnrica  Martins  on  tho  AiBnea-Mortcs, 
'■'^  dead  waters  of  ilisusoil  rivpr-cliannela)  in  Bevut  iltt  Be.ux  JtSoniU;  1874,  p.  7S0.  1 
""^puiicd  the  dLjtinguubcd  Frcneli  ffpnlogist  on  the  nccnsinn  of  bis  visit  to  Ostia  in  tho 
*KWE  of  1873,  an<l  was  mncli  struck  with  tbo  proofs  of  tlio  nipidity  of  deposit  in  favour- 
^^•itattions.  In  the  orticlo  just  cited,  and  in  another  in  Comii^'s  nnd.lxiviii.  p.  174lj, 
"tonlaaUe  informntinn  is  given  mgnrding  tltc  progress  of  the  delta  of  thu  Rhone  in 
^  'MitotiancaD.     Inlcrcstiug  historical  informiiUou  ns  to  geological  changes  ul  thi- 
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growins  at  tbc  moiUhB  of  the  Dunnbi-.  At  the  KJlift  outlets,  tlie  water  u  tfaallowinr; 
taat  tiAt  the  lines  of  Boundiiigs  of  (i  futt  nnd  !I0  Tcet  ore  oditmeing  into  the  m*  at  tl 
Tu(«  of  betvoon  300  and  400  feet  per  luinum.'  Tlie  typical  delta  of  tbo  Nile  hu 
ueawiinl  border  ISO  miles  in  lengtli,  the  dlstanco  from  which  to  tbo  upex  of  the 
wlicre  tlie  river  bifnrcateH  is  !)0  miles.  The  unitud  dclla  of  the  Uatiges  and  Brahniapnl 
(Fig.  130)  covers  a  space  of  between  50,000  and  60,000  wjnare  miks,  and  hu  be 
bored  through  to  a  depth  of  481  feet,  the  whole  mass  of  deposits  consisting  of  flue  *ui 
nnd  elafs  with  occasional  pcbble-bcdd,  a  bed  of  peat  and  remains  of  trees,  bat  with 
trace  of  any  marine  organisni.' 

(;;)  Sea-bomo    Sediment. — Although   more   properly   to  be  ni 
midcr  tho  section  on  the  Son,  the  finnl  coiirao  of  the  materi&Ia  worn 
minB  and  rivcm  from  tho  eurfaco  of  the  land  may  ho  reforrod  to  here, 
far  the  larger  part  of  these  niutoriaU  sinkit  to  the  bottom  close  to  < 
land.    It  iti  only  tho  fino  mud  carried  in  Hui)|)cn&ion  in  tho  water  whici 
carried  out  to  bou.     Tu  nono  of  the  nnmorouu  aouudingu  and  dred] ' 


in  tho  Gulf  of  Kfcxico  has  MiBfliBHippi   mud  been  obtained  from  '™ 

bottom  more  than  100  miles  oastwanl  fmm  tho  mouth  of  the  ri^^^'-' 
The  aoundiiigs  taken  by  the  Challenger  brought  up  laud-dori"^^ 
detritus  from  depths  of  1500  fathoms— 200  miles  or  more  from  ■*" 
nearest  shores  (p.  420).  The  sea  fronting  tho  Amazon  ie  someti.»*-'* 
discoloured  for  300  miles  by  the  mud  of  that  river. 

mouths  of  the  Rhine,  Meme,  Elbe,  Po,  Ithone,  and  other  European  rirers,  m  wbI-''  **• 
ot  tho  Nile,  will  be  found  in  Elie  de  Beaumont's  'Lccons  de  GebloKie  prati^**^ 
vol.  i.  p.  253.  6      1-       -» 

'  Hartley,  Jlfin.  of  Proe.  ImL  Civ.  Kngin.  xixvi.  p.  21t!.  ^ 

*  For  u  full  account  of  tho  Hllnviau  of  tlio  Indo-Ciangetic  jilaiu,  aoo  Hedlioott   ^^^ 
Itlauford'a  '(Juology  of  India,'  chap,  ivii.,  and  authorities  thore  cited;   also  •  b***^^^ 
roceut  p«u)er  by  Mr.  Mudlioott,  lUcordi  Gtot.  Snrr.  hutia,  1881,  p.  220. 
.         •  A.  AgiwBtK,  .IniM-.  Arad.  xii.  (1882).  p.  lOf. 
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§  4.  Lakes. 

Depiesfdons  filled  with  water  on  the  surface  of  the  land,  and  known 
as  Lakes,  occur  abundantly  in  the  northern  parts  of  both  hemispheres, 
and  more  sjMiringly,  but  often  of  large  size,  in  wanner  latitudes.  For 
the  most  part,  they  do  not  belong  to  the  normal  system  of  erosion  in 
which  running  water  is  the  prime  agent,  and  to  which  the  excavation 
of  Talleys  and  ravines  must  be  attributed.  On  the  contrary,  they  are 
exceptional  to  that  system,  for  the  constant  tendency  of  running  water 
is  to  fill  them  up.  Their  origin,  therefore,  must  be  sought  among  some 
of  the  other  geological  processes.     (See  Book  VII.) 

Lakes  are  conveniently  classed  as  fresh  or  salt.  Those  which 
possess  an  outlet  contain  in  almost  all  cases  fresh  water;  those  which 
have  none  are  usually  salt. 

1.  Fresh-'water  Lakes. — In  the  northern  parts  of  Europe  and 
America,  lakes  are  prodigiously  abundant  on  ice-worn  rocky  surfaces 
irrespective  of  dominant  lines  of  drainage.  They  seem  to  be  distributed 
«8  it  were  at  random,  being  found  now  on  the  summits  of  ridges,  now  on 
the  sides  of  hills,  and  now  over  broad  plains.  They  lie  for  the  most 
part  in  rock-basins,  but  many  of  them  have  barriers  of  detritus.  Their 
t  connection  with  the  operations  of  the  glacial  period  will  be  afterwards 
alluded  to.  In  the  mountainous  regions  of  temperate  and  polar  lati- 
tudes, lakes  abound  in  valleys,  and  are  connected  with  maiu  drainage 
lines.  In  North  America  and  in  Equatorial  Africa,  vast  sheets  of  fresh 
^at^T  occur  in  depressions  of  the  land,  and  are  rather  inland  seas  than 
laken. 

The  water  of  many  lakeu  has  been  observed  to  rise  above  its  normal 
kvd  for  a  few  minutes  or  for  more  than  an  hour,  then  to  descend  beneath 
that  level,  and  to  continue  this  vibraticm  for  some  time.     In  the  Lake  of 
Geneva,  where  these  movements,  locally  known  there  as  Seiches^  have 
I'^ng  Injcn  noticed,  the  amplitude  of  the  oscillation  ranges  up  to  a  metre 
"I  oven  sometimes  to  two  metres.     No  obvious  cause   appears  for  these 
^t^irhaiices.     In  some  cases  they  may  be  due  to  subterranean  move- 
nients ;  but  probably  they  are  mainly  the  effect  of  atmospheric  perturba- 
tions, and,   in  particular,  of  local  storms  with  a  vertical  descending 
nidvemont.^ 

The  distribution  of  temperature  in  lakes  is  a  question  of  considerable 
geological  interest  in  regard  to  which  careful  measurements  are  much 
needed. 

The  observations  of  Sir  Robert  Ghristiaon,  at  Loch  Lomond  in  Scotland,  show  that  in 
^  iheei  of  water,  which  lies  25  feet  above  the  sea-level,  with  a  depth  of  abont  600  feel, 
*ndiiin  great  measure  surroanded  with  high  hills,  a  tolerably  constant  temporatnro  of 
^t  iT  Fahr.ia  found  to  pervade  tlie  lowest  100  feet  of  water.'    Again,  in  the  Lake 


I  F.  A.  Forel,  Amoc.  Fran^Ue,  1879,  p.  493. 

J  fat  o\mn9.\\xm  on  the  freezing  of  this  and  other  lakes,  sec  J.  Y.  BuchanaiK 

, 'Vwf*  *^-  P-  *^^'    ^  the  deep-water  temperature  of  lakes,  A.  Buclmn,  Brit.  AtfWMi 
'«72.  gect*.  p.  207. 
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of  Geueva  the  surface  touiperaturc  in  aiitnmn  is  78^  Fahr.,  while  the  bottom  water  tt 
a  <1c])th  of  950  feet  was  found  to  mark  41^  7'.  The  Lago  Sabatino  near  Rome  has  b 
tcmpcruture  of  77^  at  the  surface,  but  one  of  44^  at  a  depth  of  490  feet  Bimilsr 
obser^'atioiis  on  other  deep  lakes  in  Switzerland  and  Northern  Italy  indicate  (he 
existence  in  all  of  them  of  a  permanent  mass  of  cold  water  at  the  bottom.  The  cold 
heavy  water  of  the  surface  in  winter  must  sink  down,  and  as  the  upper  Inyerd  csddqC 
be  heated  by  the  direct  mys  of  the  sun,  save  to  a  trifling  and  superfieial  extent,  tk 
tcmperjituro  of  the  deep  parts  of  these  basins  is  kept  permanently  low. 

Geological  function  s. — Among  the  geolo  gical  fuuctiona 
discharged  by  lakes  the  following  may  be  noticed : 

1st.  Lakes  equalise  the  tempei-ature  of  the  localities  in  which  they 
lie,  preventing  it  from  falling  as  nuicli  in  winter  and  rising  as  much  in 
summer  as  it  would  otherwise  do.^  The  mean  annual  temprature 
of  the  surface  water  at  the  outflow  of  the  Lake  of  Geneva  is  nearly 
4°  warmer  than  that  of  the  air. 

2nd.  Lakes  regulate  the  drainage  of  the  area  below  their  outfall, 
thereby  preventing  or  lessening  the  destructive  oiFects  of  floods.^ 

3rd.  Lakes  filter  river  water  and  permit  the  undisturbed  accu- 
mulation of  new  deposits,  which  in  some  modern  cases  may  cover 
thousands  of  square  miles  of  surface,  and  may  attain  a  thicknesi  of 
nearly  3000  foot  (Lake  Superior  has  an  area  of  32,000  square  niib; 


Fig.  131.— Section  of  a  «lvlta-conc  pushed  by  a  brouk  into  a  lake. 

Lago  Maggiore  is  2800  feet  deep).  How  thoroughly  lakes  can  filter 
river  water  is  typically  displayed  by  the  contrast  between  the  muJtly 
river  which  flows  in  at  the  head  of  the  Luke  of  Geneva,  and  the  "W"® 
rushing  of  the  arrowy  Rhone,"  which  escapes  at  the  foot.  The  moutlis 
of  small  brooks  entering  lakes  afford  excellent  materials  for  study iujrtbc 
behaviour  of  silt-bearing  streams  when  they  roach  still  water.  R[<^'^ 
riA-ulet  may  be  observed  pushing  forward  its  delta  composed  c)f  successi^'^ 
sloping  layers  of  sediment  (ante,  p.  370).  On  a  shelving  bank,  tue 
ct>arser  detritus  may  repose  directly  upon  the  solid  rock  of  the  distri^'* 
(Fig.  131).  But  as  it  advances  into  the  lake,  it  may  come  to  rest  n]>o« 
some  older  lacustrine  deposit  (Fig.  132). 

A  river  which  flows  through  a  succession  of  lakes  cannot  carry  mnch 
sediment  to  the  sea,  unless  it  has  a  long  course  to  run  after  it  Jias  jw^^ttl 

'  The  lakeH  of  SwtHlen,  vrhich  etiver  one- twelfth  of  the  surface  of  tho  country,  exerctf* 
an  iniiMirtaiit  influoiicu  on  oliiuHto  aceordiug  as  they  iire  frozen  or  ojr'ij.  St-o  nw* 
IliMihrundrtBcfli  cm  the  freezing  and  breakiug-up  of  the  ice  on  the  Swediuli  1^*** 
-1/*//.  liur.  Cnitraf  Mvttorol,  France,  1878.  ,, 

•  Windrt,  by  blowing  strongly  down  the  length  of  a  lake,  sometimes  ooubiJ*-'* .!•. 


]  li-tiLi-,  UuHigh  uu  thu  whulo  bkas  tond  to  modonte  floods  in  the  outflowing  nv^  ^^ 
iiioy,  hy  n  cninbliuUian  oC ciwmmrt«>BB%  loinetimea  indcaso  thorn. 
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tJbe  lowest  lake,  and  receives  one  or  more  muddy  tributaries.  Let  us 
tppose,  for  example,  that,  in  a  hilly  region,  a  stream  passes  through  a 
fim  of  lakes  (as  a,  6,  c,  in  Fig  133).  As  the  highest  lake  will  intercept 
inch,  perhaps  all,  of  this  sediment,  the  next  in  succession  will  receive 
Uitle  or  none  until  the  first  is  either  filled  up  or  has  been  drained  by  the 
oxiiting  of  a  gorge  through  the  intervening  rock  at  /.  The  same  process 
'vnll  be  repeated  at  e  and  d  until  the  lakes  are  efifaced,  and  their  places  are 
by  aUavial  meadows. 

the  detrital  accumulations  due  to  the  influx  of  streams,  there 
some  which  may  properly  be  regarded  as  the  work  of  lakes  them- 
"oJves.     Even  on  small  sheets  of  water,  the  eroding  influence  of  wind 


Fig.  132.— Stream-dctrUus  pushed  forward  over  a  previous  lacustrine  silt  (B.). 

ves  may  be  observed;  but  on  large  lakes  the  wind  throws  the  water 
waves  which  almost  rival  those  of  the  ocean  in  size  and  destructive 
Beaches,  sand-dunes,  shore-cliffs,  and  other  familiar  features  of 
meeting-line  between  land  and  sea,  reappear  along  the  margins  of 
lioh  great  fresh-water  seas  as  Lake  Superior.  Beneath  the  level  of  the 
''«tt»r,  a  terrace  or  platform  is  formed,  the  distance  from  shore  and  depth 
f  ^which  vary  with  the  energy  of  the  waves  by  which  it  is  produced. 
diia  subaqueous  platform  is  well  developed  in  the  Lake  of  Geneva.^ 

4th,  Lakes  serve  as  basins  in  which  chemical  deposits  may  take 
place.  Of  those  the  most  interesting  and  extensive  are  those  of  iron-ore, 
vrliich  chiefly  occur  in  northern  latitudes  (p.  174).^ 

r       c  _^^ 


Fig.  133.— Filling  up  of  a  succession  of  lakes  (^.). 

^th.  Lakes  furnish  an  abode  for  a  lacustrine  fauna  and  flora,  receive 
1^0  remains  of  the  plants  and  animals  washed  down  from  tlie  surround- 
ing ootmtry,  and  entomb  these  organisms  in  the  growing  deposits,  so  as 
*^  preserve  a  record  of  the  lacustrine  and  terrestrial  life  of  the  ^x^riod 
auiing  which  they  continue.  Besides  the  more  familiar  pond-snails  and 
"8he8,  lakes  possess  a  pecidiar  pelagic  fauna,  consisting  in  large  measure 
^^  ^tomostracous  crustaceans,  distinguished  more  esi)ecially  by  their 

\  D.  Colladon,  Bi^Xl.  Soc.  Otol.  France  (3),  iii.  p.  GGl. 
For  an  olaborato  papci;  on  these  lake-ores  (8oc-erzo),  see  Stapif.  Z,  DeiiUch.  Geol. 
^^  XYiil  pp.  80-173 ;  also  A.  F.  Thorcld,  G€oL  Fdren.  Sluchholm.  Fork.  iii.  p.  20,  and 
^^'^^  Section  m.  p.  447. 
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truiiHparcucy.^  TlieHC,  as  well  as  the  organisius  of  bliallower  ivatci^ 
doubtless  furnish  calcareous  matonals  for  the  mud  or  marl  of  the  lakes 
bottoms.  But  it  is  as  receptacles  of  sediment  from  tho  land,  and  i^ 
localities  for  the  preservation  of  a  portion  of  the  terrestrial  fauna  an 
flora,  that  lakes  present  their  chief  interest  to  a  geologist.  TheS 
de][)osits  consist  of  alternations  of  sand,  silt,  mud,  gravel,  and  occasum^ 
irregular  seams  of  vegetable  matter,  together  with  layers  of  calcaroo^ 
marl  formed  from  the  accumulation  of  lacustrine  BheMaj  EntowhostraeOyS^ 
In  lakes  receiving  much  sediment,  little  or  no  marl  can  accnmuli^. 
during  the  time  when  sediment  is  being  deposited.  In  small,  clear, 
not  verj'  deep  lakes,  on  the  other  hand,  where  there  is  little  scdim< 
or  where  it  only  comes  occasionally  at  intervals  of  flood,  thick  beds 
white  marl,  formed  entirely  of  organic  remains,  may  gather  on  fcl 
bottom,  as  lias  hap^xined  in  numerous  districts  of  Scotland  and  Irela 
Tho  fresh-water  limestones  and  clays  of  some  old  lake-basins  (thos^ 
Pliocene  time  in  Auvergne  and  Switzerland,  and  of  Eocene  ag^ 
Wyoming,  for  example)  cover  ai'cas  occasionally  hundreds  of  miirn 
miles  in  extent,  aiid  attain  a  thickness  of  hundreds,  sometimes  e"v« 
thousands  of  feet. 

Existing  lakes  are  of  geologically  recent  origin.  Their  disappoankT~a 
is  continually  in  progress  by  infilling  and  erosion.  Besides  the 
phicement  of  their  water  by  alhi  vial  accumulations,  they  are  lowered 
eventually  drained  by  the  cutting  down  of  the  barrier  at  their  ontl^ 
Where  they  are  eftacod  merely  by  erosion,  it  must  be  an  excesd^^rc 
hIow  process,  owing  to  the  filtered  character  of  the  water  (p.  359) ;  "fc 
where  it  is  performed  by  the  retrocession  of  a  waterfall  at  the  head  of^ 
advancing  gorge  it  may  bo  relatively  rapid  after  it  has  once  beg^a.^ 
In  a  river  coui-so  it  is  usual  to  find  a  lake-like  expansion  of  allia."^^ 
land  above  each  gorge.  These  plains  may  be  regarded  as  old  I.»l 
bottoms,  which  have  been  drained  by  tho  cutting  out  of  tho  ravSi^^ 
Successive  terraces  often  fnngo  a  lake  and  mark  foimer  levels  o^  * 
waters.  It  is  when  we  reflect  upon  the  continued  operation  of  *; 
agencies  which  tend  to  efface  them,  that  we  can  best  realise  why 
lakes  now  extant  must  necessarily  be  of  comparatively  modem 
Their  modes  of  origin  are  discussed  in  Book  YII. 

2.  Saline  Lakes,  considered  chemically,  may  be  grouped  as  j^ 
lakes,  where  the  cliief  constituents  are  sodium  and  magnesium  chloTio 
with  magnesium  and  calcium  sulphates  :  and  hitter  lakes,  which  U8U»* 
are  distinguished  by  their  large  percentage  of  sodium  car1x)uate  as  '**'* 
as  chloride  and  sulphate  (natron-lakes),  sometimes  by  their  proporticJi*  ^ 
borax  (borax  lakes).  From  a  geological  point  of  view  they  may  ^ 
divided  into  two  classes— (1)  those  which  owe  their  saltness  to   *^ 

»  F.  A.  Ford,  ArcJiivcs  d.  Sciences,  Bept.  1882.    O.  E.  Imhof,  Ann.  Mag.  NaL  ^^ 
1884,  p.  Gl). 

'  Tho  lovel  of  tlie  Luku  of  Gcueva  in  said  to  liuvc  been  lowered  about  six  and  a 
feet  Biuco  Bomau  times  (Daiu»e,  Bull  8oc,  Geol.  France  (3),  iii.  p.  140) ;  but  thif 
bo  explicable  by  dimiuution  iu  tho  water  supply. 
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'vaporation  and  oonoeutration  of  wat«r  poured  into  tlicni  by  their  fce<1er8 ; 
>xid  (2)  those  which  wore  originally  parts  of  tho  ocoaii. 

(a)  Salt  and  bitter  lakes  of  terrestrial  origin  are 
hlniidantly  scattered  over  inland  areaa  of  drainnge  in  the  heart  of 
Kntinenia,  as  in  Utah  and  adjaeent  territories  of  North  America,  and  on 
■lu  great  plateau  of  Central  Asia.  These  sheets  of  water  were  doiibtleaa 
Vdh  at  first,  but  they  have  progressively  increased  in  salinity,  because, 
luagh  the  water  is  evaporated,  tliere  is  no  escape  for  its  dissolved  salts, 
•"iKdi  oonseqaeutly  remain  in  the  increasingly  concentrated  liquid.  In 
^iVh,  extensive  lakes  formed  by  the  ponding  back  of  valley  waters  by 
Uavial  fana,  have  grown  saline  and  bitter,  and  have  become  the  site  of 
eposita  of  rock-salt  and  soda.' 

rbe  Orest  Salt  Lako  of  Utah,  which  Iioe  now  been  so  carofidly  rtndicd  by  OUbert 
id  other  geologi«te,  may  be  taken  m  a  typical  enample  of  an  inland  basin,  foimcd  by 
Mjoal  mbtemiaetin.  moTement  that  has  intercoptcd  the  drainage  of  a  largo  area, 
'enbi  laiatall  and  evaporation  on  Iho  whole  balance  each  other,  and  where  the  wafer 


Msomea  increasingly  salt  Rrom  evaporation,  bnt  is  liable  to  flnctnations  in  level, 
eootding  to  oecillations  nf  metooTobgioel  condilions.  The  present  lake  urcupics  an 
r««or  nth(T  more  than  2000  aquore  miles,  its  sarrocc  being  at  a  height  of  J2S0  feet 
boTe  the  see.  It  is,  however,  merely  the  Bhrank  tcninant  of  a  once  far  more  exlensito 
tiect  of  water,  to  whicli  Iho  namo  of  I.nko  BonDevillc  has  been  given  by  Gilbert  It  is 
■Krilj  tumniDiled  with  mountains,  along  the  sides  of  which  wpH -defined  lines  of  tcmco 
»uk  ftwrnet  levels  of  the  water.  The  highest  of  lliese  terraces  lice  sbont  940  feet 
■Ixm  the  present  siufaeo  of  the  lake,  so  thnt  when  st  its  greatest  dimensions,  this  vast 
■hasl  of  mier  most  have  stood  at  a  level  of  aboat  u20D  feet  nbore  the  sen,  nnd  covered 
>»  Vea  of  300  miles  from  north  to  south,  nnd  180  miles  in  extreme  width  Item  cast  to 
"■t.  It  ^ras  then  oertainly  ftesh,  for,  having  an  outli't  to  the  nortit,  it  drained  into  the 
'^"tte  Ocean,  and  in  its  slroliHed  deposits  an  abundant  lacustrine  moUuBcan  fauna  lus 
**"  fi»ikL  Aeootdiug  to  Gilbert  there  are  proofs  tliat,  previous  to  the  great  extension 
''  I*ko  Bonneville,  there  was  a  dry  period,  during  which  considerable  acenmulntione 
^  **iWeiial  detritus  were  formed  along  tlie  slopes  of  tlie  mountains.  A  great  meleoro- 
^St^l  change  then  took  place,  and  the  whole  vast  bnsiii,  not  only  tltat  tL-nniil  Lflke 
^OevUle,  but  a  second  large  bnsm,  Lake  Ijihontati  of  King,  lying  to  the  wi'st 

'  1'.  Drew, '  Jummoo  uml  Kiiuhmir  Tetritories." 
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ninl  Imnlly  inferior  in  area,  was  gnidually  filled  with  fresh  water.  Again  anol 
nK't(.'or(ilof;i(*al  revolution  supervened  and  the  cHmnte  onco  more  hcoame  dry.  ' 
waters  hhraiik  ]»a(>k,  and  in  so  doing,  when  they  had  sunk  below  the  level  of  tl 
outlet,  bo«;nn  to  grow  increasingly  saline,  llie  decrease  of  the  water  and  the  incn 
of  Hiilinily  were  in  direct  relation  to  each  other,  until  tlie  present  degree  of  couoential 
lias  been  rcaclictl,  as  shown  in  the  table  (p.  .SS3).  The  Great  Salt  Lake,  at  pra 
having  an  extreme  depth  of  less  than  TiO  feet,  is  still  subject  to  oscillations  of  lei 
Wlien  8ur\Tye<l  by  tlie  Stansbnry  expedition  in  1849,  its  level  was  eleven  feet  h\ 
than  in  1S77,  when  the  Survey  of  the  40th  Parallel  examined  the  ground.  From  18 
however,  a  slow  subsidence  of  the  lake  has  1xx;n  in  progress,  consequent  vpoi 
diminution  of  the  ruinFall.  I^irgo  tracts  of  flat  land,  formerly  under  water,  are  Ixi 
laid  bare.  As  the  water  rece<les  from  them  and  they  are  exposed  to  the  remarkaUly< 
utmospliero  of  these  rt^gions,  thoy  sov>n  become  cnistcd  with  a  white  saliferooi  t 
alkaline  deiKwilion,  which  likewise  |)cnneati^  the  dried  mud  underneath.  So  atxoDi 
saline  are  the  waters  of  the  lake,  and  so  rapid  Iho  evaporation,  as  I  found  on  trial,  i 
one  ihxits  in  spite  of  oneself,  and  the  under  surfaces  of  the  woo<len  sti'ps  leading  into 
water  at  the  Ixithing-placcs  are  hiuig  with  short  stalactites  of  salt  from  the  evapamt 
of  the  drip  of  the  emergent  bathers.^ 

(h)  Salt  lakes  of  ocoaiiic  origin  aro  conipanitively  i 
ill  nnmlxir.  In  their  ease,  portions  of  the  sea  have  l)ecn  isolated 
movements  of  the  earth's  crust,  and  these  detached  areas,  exposed 
evaporation,  which  is  only  partially  conii)ensat«d  by  inflowing  riv 
have  shrunk  in  level,  and  at  the  same  time  have  sometimes  grown  ni 
Salter  than  the  parent  ocean. 

The  Caspian  Sea,  180,000  sc^uarc  miles  in  extent,  and  with  a  maximum  dept 
fi-om  2000  to  :U)00  feet,  is  a  magnificent  example.    The  shells  living  in  its  water 
cliiefiy  the  same  as  those  of  the  Black  Sea.    Banks  of  them  may  Ikj  traced  betwec 
two  seas,  with  salt  lakes,  marrihes,  and  other  evideucos  to  prove  that  the  Caspif 
once  joined  to  the  Black  Sea,  and  had  thus  communication  with  tho  main 
In  this  case  also  there  are  proofs  of  considerable  changes  of  water-level.    At  ' 
the  surface  of  the  Caspian  is  85}  feet  below  that  of  the  Black  Sea.    The  Sea  c 
also  sensibly  salt  to  tho  taste,  was  onco  probu]>ly  uniteil  with  tlio  Caspian,  b 
rests  at  a  level  of  2427  feet  aliove  that  sheet  of  water.    The  step(>es  of  South 
Kussia  arc   a   vast  deprcs^sion  with  numerous  salt  lakes  and   abundant  sa^ 
alkaline  deposits.     It  has  Ix^en  supposed  that  this  depression   continued  fa7 
north,  and  that  a  great  firth,  running  up  between  Europe  and  Asia,  sirctcl 
plotely  acrohd  what  are  now  tho  steppes  and  plains  of  the  Tundras,  till  it  mi 
the  Arctic  Sea.    Seals  of  a  si)ecics  {Phnca  cfl/«j)/<ja),  which  may  bo  only  a  Ttri 
common  northern  form  (Ph.  fivtida)^  abound  in  the  Caspian,  which  is  tlie  tor 
of  the  chief  hoal-fisheries  of  tlio  world.^    On  the  west  side  of  the  Ural  cha 
prettent,  by  means  of  canald  connecting  the  rivers  Volga  and  Dwixui|  tomo 
fnnu  the  Caspian  into  the  White  Sea.' 

The  cause  of  the  isolation  of  the  Caspian  and  tho  other  saline  faaiiiu  of 

'  ^tuch  information  rc;rurdin<^  the  Great  Basin  and  its  lakes  ig  to  be  firai 
of  Wlnrler'n  Snrrnj  ]\'e*t  of  WUh  Mrriilian,  vols.  i.  and  iv.  of  the  AirW| 
PnralhU  and  7iV;K)r/  of  V.S'.  Gtol.  i>urvvy,  1880-81. 

-  Anollur  variety  <ir  Hi>eciis  of  seal  inhabits  Lako  BaikaL  Foruw 
Htructurt'  and  distrihution  of  si'al.s  s<.e  an  interesting  monognph  bj  J. 
Minn  IhuuouK  I'ubh'catumti  of  U.S.  Gvoloqicul  ami  Oaoaraphieid  Anvnr  t^tl 
W:lslun;;ton,  1880.  * 

■*   Count  v(»n  llehnt;rs<n,  however,  has  stated  hie  belkf  that  ! 
nortliern  ])rolongiition  of  tho  Arulo-Coitpiun  Sea  there  ii  noeridin 
th('  pn-sence  of  which  over  the  Tundras  the  opinion  mM  flidefly  !• 
him,  all  froi^h-water  sjH.'i'irs,  and  tliero  aro  no  mariDaehf*^' 
with  in  the  ]>lains  at  tho  foul  of  tho  Urul  Monnfn*** 
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is  to  bo  Bought  in  nndergrotmil  moTemeiits  which,  according  to  Helmorseu,  arc  still  in 
progress,  but  partly,  and,  in  the  caso  of  the  smaller  basins,  probably  chiefly,  in  a 
gcnenl  diminution  of  the  water-supply  all  over  central  Asia  and  the  neighbouring 
regions.  The  rivers  that  flow  from  the  north  towards  Lnko  Balkash,  and  that  once 
doubtless  emptied  into  it,  now  lose  themselves  in  the  wastes  and  arc  evaporated  before 
reaching  that  sheet  of  water,  which  is  fed  only  from  the  mountains  to  the  south.  The 
channels  of  the  Amur  Darya,  Byr  Darya,  and  other  streams  Ix^ar  witness  also  to  the 
flame  geneial  desiccation.*  At  present,  the  amount  of  water  supplied  by  rivers  to  tlio 
CSosplan  Sea  appears  on  the  whole  to  balance  that  removed  by  evaporation,  though  there 
aie  slight  ycorly  or  seasonal  fluctuations.  In  the  Aral  1)asin,  however,  there  can  be  no 
donbt  that  the  waters  are  progressively  diminishing,  the  nite  in  the  ten  years  between 
18M  and  1858  having  been  18  inches,  or  1*8  inch  per  annum. 

Owing  to  the  enormous  volume  of  fresh  water  poured  into  it  by  its  rivers,  the  Caspian 

Sea  is  not  as  a  whole  so  salt  as  the  main  ocean,  and  still  less  so  than  the  Mediterranean 

Sea.    Nevertheless  the  inevitable  result  of  evaporation  is  there  manifested.    Along  the 

shallow  pools  which  border  this  sea,  a  constant  deposition  of  salt  is  taking  place,  forming 

sometimes  a  pen  or  layer  of  rose-coloured  crystals  on  the  bottom,  or  gradually  getting 

dryland  corered  with  drift-sand.    Tliis  concentration  of  the  water  is  particularly  marked 

in  tho  great  ofishoot  called  the  Karaboghaz,  which  is  connected  with  the  middle  basin 

of  the  Caspian  Sea  by  a  channel  150  yanls  wide  and  5  feet  deep.    Through  this  narrow 

mouth  there  flows  from  the  main  sea  a  constant  current,  which  Von  Baer  estimated  to 

carry  daily  into  the  Karaboghaz  350,000  tons  of  salt.    An  approciublo  increase  of  the 

KvltnesB  of  tluit  gulf  has  been  noticed ;  seals,  which  once  fi-equeuted  it,  have  forsaken 

lis  larren  shores.    Layers  of  salt  are  gathering  on  tho  mud  at  tho  bottom,  where  they 

have  formed  a  salt  bed  of  unknown  extent,  and  tho  sounding  line,  when  scarcely  out  of 

tho  water,  is  covered  with  saline  crystals.' 

The  following  table  sliows  the  composition  of  the  water  of  some  salt  lakes — 


GonatitnenU  (except 
^beRoUwrwlfle  stated). 


CftHpi&u  Sea. 


NcAr  mouth  of 
11.  Ural 
(Gobcl). 
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^^'rtdc  of  Sodium.  . 
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•»       Calciom 

».       Potaaslom  . 
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0*3G73 
0*t632 
0-0013  (MgCOs) 

0*0076 
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0*0190 

0-0171  (CaCOs) 
0*1239 
99*3700 
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•  • 
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1'U7-I2 

0*0554  (CaWa) 
3*2493 
86-7005 


(•reat  Salt  I^ke, 

UUU  (0.  D. 

Allen). 


11*8628 
1*4908 


23-02S 
1-736 

•  • 

0*101 

0*005 
0*042 

0-316 
73-842    85-0060 


rO- 0862  (excess) 
I    Chlorine)     / 

0-0868 
0-5363 
0-9321  (NaS04) 


1 100-0000 


.100-0000 

I 


100*OOOjIOO*0000 


1 100*00 


IVad 
Sea. 


8*6372 

15-9774 

4-7197 

0-8379 

0*8157 
0*0889 


73*9232 


100*0000 


DepoBiU  in  Salt  and  Bitter  Lakes. — Tho  study  of  tho  precipi- 
.  ^ions  which  tako  placo  on  tho  floors  of  modem  salt  lakes  is  important 
^'^  "throwing  light  upon  the  history  of  a  number  of  chemically-formed 
*^'^Vb.    The  salts  in  these  waters  accumulate  until  their  point  of  satu- 


^Iv 


Buil.  Acad. 


.  Imp.  St.  PiteriHiourg,  xxv.  p.  535  (18710.    For  an  account  of  thcso 
,^    ^'1^  and  Ijftke  Aral,  see  H.  Wood,  Journ.  May.  Otog.  Soc.  xlv.  (1875),  p.  3(i7,  wlicro 
^  Estimate  is  given  of  the  annual  amount  of  ovaponition. 

p  *  Yon  Baer,  Bull  Acad.  St,  Ptterfbourq  (1855-G).  See  also  Carpenter,  Proc.  Hoy. 
^!^**0.  8oe,  x?iii.  No.  4.  For  the  composition  of  tho  water  of  salt  and  bitter  lakes, 
^^  the  analyses  eollect(.'d  by  Roth  in  his  •  Chcmi!?cho  Gcologie,'  i.  p.  403  et  seq. 
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ration  is  reachecl,  or  until  by  chemical  reactions  they  are  thrown  down. 
The  least  soluble  are  naturally  the  first  to  appear,  the  water  becoming 
progressively  more  and  more  saline  till  it  reaches  a  condition  like  that  of 
the  mother-liquor  of  a  salt  work.  Gypsum  begins  to  be  thrown  down 
from  sea-water  when  37  per  cent,  of  water  has  been  evaporated,  bnt  93 
per  cent,  of  water  must  be  driven  oflf  before  chloride  of  sodium  can  begin 
to  1k3  deposited.  Hence  the  concentration  and  evaporation  of  the  water 
of  a  salt  lake  having  a  composition  like  that  of  the  sea  would  give  rise 
first  to  a  layer  or  sole  of  gypsum,  followed  by  one  of  rock-salt.  This  has 
been  found  to  be  the  normal  order  among  the  various  salifcrous  for- 
mations in  the  earth's  crust.  But  gypsum  may  bo  precipated  without 
rock-salt,  either  because  the  water  was  diluted  before  the  point  of  satu- 
ration for  rock-salt  was  reached,  or  because  the  salt,  if  deposited,  haa 
been  subsequently  dissolved  and  removed.  In  every  case  where  an 
alternation  of  layers  of  gypsum  and  rock-salt  occurs,  there  must  have 
been  repeated  renewals  of  the  water  supply,  each  gypsum  zone  marking 
the  commencement  of  a  new  series  of  precipitates. 

But  the  composition*of  many  existing  saline  lakes  is  strikingly  unlike 
that  of  the  sea  in  the  proportions  of  the  different  constituents.  Some  of 
them  contain  carbonate  of  sodium  ;  in  others  the  chloride  of  magnesinm 
is  enormously  in  excess  of  the  less  soluble  chloride  of  sodium.  These 
variations  modify  the  effects  of  the  evaporation  of  additional  suppliea  of 
water  now  poured  into  the  lakes.  The  presence  of  the  sodium-carbonate 
causes  the  decomjiosition  of  lime  salts,  with  the  consequent  precipitation 
of  calcium-carbonate  accompanied  with  a  slight  admixture  of  magiiesimn- 
carbonate,  while  by  further  addition  of  the  sodium-carbonate  a  hydrated 
magnesium-carbonate  may  be  eventually  precipitated.  Hunt  has  shown 
that  solutions  of  bicarbonate  of  lime  decompose  sulphate  of  magneria 
with  the  consequent  precipitation  of  gypsum,  and  eventually  also  rf 
hydrated  carbonate  of  magnesia,  which,  mingling  with  carbonate  of  liB6i 
may  give  rise  to  dolomite.^  By  such  processes  the  marls  or  clays  dejw- 
sited  on  the  floors  of  inland-seas  and  salt  lakes  may  conceivably  1* 
impregnated  and  interstratified  with  gypseous  and  dolomitic  matter, 
tlioiigli  in  the  Trias  and  other  ancient  fonnations  which  have  been 
formed  in  enclosed  saline  waters,  the  magnesium-chloride  has  probalilj 
l)ecn  the  chief  agent  in  the  production  of  dolomite  (ante^  p.  296). 

The  Dead  Sea,  Elton  Lake,  and  other  very  salt  waters  of  the  AxaIo-Oaqil> 
doprcsijion,  arc  interesting  examples  of  salt  lakes  far  advanood  in  tho  procea  of  totr 
centration.^    Tlic  jc^reat  excess  of  the  mngncsium-chloride  shows,  as  Bischof  pofnted  > 
til  at  tlie  waters  of  these  Ijasins  are  a  kind  of  mother-liquor,  Croat  whieh  moit    ■ 
sodium-chloride  has   already  been   deposited.     Tho   greater  the  praportkni 
magnesium-chloride^  the  loss  sodium-chloride  can  be  held  in  soliitioii.    Hfiiir 
as  the  waters  of  tho  Jonlan  and  other  streams  enter  the  Dead  8el^  their  f 
sodinm-cliloride  (which  in  the  Jordan  water  amounts  to  fram  *0925  to  ••' 


'  Sterry  Hunt,  in  '  Geology  of  Canada'  (18G3),  p.  575. 
-  Tho  bead  S<'a,  like  the  Great  Salt  Lake,  was  ociginQy^ 
(»f  Mehnita,  &c.,  found  in  lacufctrino  terraces  1300  fcei^el*' " 

♦  :Mouut  Stir/  1885,  pp.  100, 180. 
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im  at  onee  pradpitated.    With  it  gypsum  in  crystals  goes  duwn,  ali»o  the  carbonate 

of  lime  whieh,  though  present  in  the  tributary  streams,  is  not  found  in  the  waters  uf  the 

I>CMi  Sea.    In  spring,  the  rains  bring  large  quantities  of  muddy  water  into  this  sea. 

Oving  to  dilution  and  diminished  evaporation,  a  check  must  be  given  to  the  deposition 

of  oommon  salt,  and  a  layer  of  mud  is  formed  over  the  bottom.     As  the  summer 

ftdnuioesi  and  the  supply  of  water  and  mud  decreases,  while  evaporation  increases, 

tliB  depodtion  of  salt  and  gypsum  begins  anew.*    As  the  level  of  the  Dead  Sea  is  liable 

to  miationa,  parts  of  the  bottom  are  from  time  to  time  exposed,  and  show  a  surface  of 

l>lidih-giey  clay  or  marl  full  of  crystals  of  oommon  salt  and  gypsum.    Bods  of  similar 

•Alifenras  and  gypsiferouB  clays,  with  bands  of  gypsum,  rise  along  the  slopes  for  some 

lifiiglit  above  the  present  siurface  of  the  water,  and  mark  the  deposits  left  whou  the 

Dcid  Bea  covered  a  larger  area  than  it  now  does.    Save  occasional  impressions  of 

cltifted  terrestrial  plants,  these  strata  contain  no  organic  remains.'    Interesting  details 

vejiarding  saliferous  deposits  of  recent  origin  on  the  site  of  the  Bitter  Lakes  were 

obtuned  daring  the  constmotion  of  the  Suez  Canal.    Beds  of  salt,  interleaved  with 

'I'UiiiniB  oi  day  and  gypsimi-crystals,  were  found  to  form  a  deposit  upwards  of  30  feet 

^luek,  extending  along  21  miles  in  length  by  about  8  miles  in  breadth.    No  fewer  than 

'^  layers  of  salt,  from  3  to  18  centimetres  thick,  oould  be  counted  in  a  depth  of  2*46 

'Kutres.    A  deposit  of  earthy  gypsum  and  clay  was  ascertained  to  have  a  thickness 

of  967  feet  (112  metres),  and  another  bed  of  nearly  pure  crumbling  gypsum  to  be  about 

290  feet  (70  metres)  deep.' 

The  desiccated  floors  of  tbo  great  saline  lakes  of  Utah  and  Nevada  have  revealed 

some  interesting  facts  in  the  history  of  saliferous  deposits.     The  ancient  terraces 

marking  former  levels  of  these  lakes  are  cemented  by  tufa,  which  appears  to  have  been 

abimdantly  formed  along  the  shores  where  the  brooks,  on  mingling  with  the  lake, 

unmediately  parted  with  their  lime.    Even  at  present,  oolitic  grains  of  carbonate  of 

lime  sre  to  be  found  in  oonrso  of  formation  along  the  margin  of  Great  Salt  Lake, 

though  carbonate  of  lime  has  not  been  detected  in  the  water  of  the  lake,  being  at  once 

precipitated  in  the  saline  solution.    The  site  of  the  ancient  salt  lake  which  has  been 

tmued  Lake  Lahontan  displays  areas  several  scjuare  miles  in  extent  covered  with 

^posits  of  calcareous  tufa  twenty  to  sixty  and  even  one  hundred  and  fifty  feet  thick. 

Xhia  tufie^  however,  presents  a  remarkable  peculiarity.    It  is  sometimes  almost  wholly 

^^otnposed  of  what  have  been  determined  to  be  calcareous  pseudumorphs  after  gaylussitc^ 

C*  mineral  composed  of  carbonates  of  calcium  and  sodium  with  water) — the  sodium  of 

the  mineral  having  been  replaced  by  calcium.    When  this  tufa  was  originally  formed, 

the  waters  of  the  vast  lake  must  have  been  bitter,  like  those  of  tlie  little  soda-lakes 

^rhich  now  lie  on  its  site — a  dense  solution  in  which  carbonate  of  soda  predominated. 

On  the  margin  of  one  of  the  present  Soda  Lakes,  crystals  of  gayludsite  now  form  in  the 

^^ei  season  of  tlie  year.    Yet  no  trace  of  carbonate  of  lime  has  been  detected  in  the 

^fiater.    The  carbonate  of  lime  in  the  crystals  must  be  derived  from  water  which  ou 

Wintering  the  saline  lakes  is  at  once  deprived  of  its  lime.^ 

§  5.  T  e  r  r  e  B  t  r  i  a  1    I  c  o. 

Presh  water,  under  ordinary  circumstuuceH,  when  it  reaches  a  tem- 
^^ture  of  32®  Fahr.  passes  into  the  solid  state  by  erj'stallizing  into  ice. 
■^  tliis  condition,  it  performs  a  series  of  important  geological  operations 

^  Bischof,  'Chem.  Geol.*  i.  p.  ;W7.  Koth,  *  Chem.  (ieol.'  i.  p.  47G. 
0^  I^artet,  Bull.  Soc.  G^oL  France  (2),  xxii.  p.  450  vt  seq.  Below  the  high  ternicca, 
g^^^ining  lacustrine  shells,  evidence  of  shriiikaj^c  and  coneeutnition  is  supplied  by 
"P^eous  marls  and  a  bed  of  salt  (30  to  50  feet),  600  feet  above  the  present  water-level. 
Ir  liOsseps,  Comptes  rend.  Ixxviii.  p.  1740,  Ann.  Chim.  et  Phys.  (5),  iii.  p.  139.  Bader, 
*''^.  Qeol.  JUichtanst  1809,  p.  288. 

*   King}  Exploraiiim  of  the  -kOth  Parnlleh  i.  V-  510. 
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l)ofuro  l)eiiig  again  melted  and  relegated  to  the  general  mass  of  liquid 
terrestrial  waters.  Five  conditions  under  which  ice  oecui's  on  the  land 
deserve  notice,  viz.,  frost,  frozen  rivers  and  lakes,  hail,  snow,  and  gladera. 

Frost. — Water,  if  pt^rfectly  still,  may  fall  l)elow  the  freezing-point- 
without  freezing,  but  when  it  is  then  moved,  it  at  once  freezes  over.    I 
freezing,  water  expands.     If  it  Ikj  confined  in  such  a  way  that  expauaoi 
is  impossible,  it  remains  liquid  even   at  temperatures   far  below  th-^a 
freezing-point ;  but  the  instant  that  the  pressure  is  removed  this  chiUoi^fl 
water  becomes  ice.     There  is  a  constant  effort  on  the  jmrt  of  the  watt— ^  t 
to  expan<l  and  l>ecome  solid,  very  considerable  pressure  l)eiug  needed  fco 
counterbalance  this  expansive  power,  which  inereajses  as  the  temperatuime 
sinks.      At  30°  Fahr.  the  i>ressure  must  amount  to  14G  atmospheres^, 
or  the  weight  of  a  column  (jf  ice  a  mile  high,  or  138  tons  on  the  wiuaxie 
foot.     Consequently  when  the  water  freezes  at  a  lower  temperature,  \ia 
pressure  on  the   walls  of  its    enclosing  cavity  must  exceed   138  tonu 
on   the   B({uare   foot.      Bombshells  and  cannon   filled   with   water  and        r 
liermetically  sealed  have  l>een  burst  in  strong  frosts  by  the  expansion 
of  the   freezing  water   within   them.     In   nature,  the  enormous  pres- 


I 


I 


sures  which  can  l)e  obtained  artiiieially  occur  rarely  or  not  at  alL  | 
because  the  spaces  into  which  water  j^t-'i^ctrates  can  hardly  ever  bu 
so  securely  closed  as  to  permit  the  water  to  be  coolwl  down  cougider- 
ably  IkjIow  JVJ"^  Fahr.  Ixjfore  freezing.  But  ice  fonning  in  cavities  at  | 
even  two  or  three  degrees  below  the  freezing  point  exerts  an  enormous  ^ 
disruptive  force.  i 

Soils  and  rocks,  being  all  porous,  and  usually  containing  a  good  «leal  -. 
of  moisture,  have  their  i)ai  tides  pushed  asunder  l)y  the  freezing  of  tlii> 
interstitial  water.  Stones,  stumps  of  trees  or  other  objects  imlxHided  in 
tlu^  ground  are  s(pieezed  out  of  it.  AVlien  a  thaw  comes,  tlie  soil  Het'iu* 
as  if  it  had  ])ecn  ground  down  in  a  mortar.  Water,  freezing  in  the 
in  numeraire  Joints  and  lis^^url'S  of  r«»cks,  exerts  great  pressure  ui>unthe  j 
Avails  betwe^'u  which  it  lies,  pushing  them  asunder  as  if  a  wedge  wore 
driven  between  tliem.  AVhen  this  ice  nudts,  the  separated  masses  dono^ 
nrtnrn  to  their  original  position.  I'heir  centre  of  gnivity  in  succesflV^ 
winters  beconios  ni<»re  and  more  displacu«l,  until  the  sundered  inaSJe* 
fall  a[»art.  In  mountainous  districts,  where  the  winters  are  severe,  »D** 
in  liigli  latiiud<.s,  niueh  waste  is  thus  produced  on  exiK)Bed  cliffs  i*^ 
luosu  blocks  of  rork.  Some  measure  of  its  magnitude  may  be  seen  inth* 
ln'Mps  of  angular  rubbisli  which  in  these  regions  so  frequently  lie  at  i»** 
foot  of  crags  and  sleep  slopes.  At  Spitzbergen  and  on  the  ooast  ofGw**" 
laml,  the  obstrved  aiiiount  of  destruction  caused  by  frost  is  eIl0^mo^'*^. 
Th«'  sliort  Avanii  su:'nnier,  mt-lting  the  snoAV,  fills  the  poreB  and  jt»iTit?^  '* 
llic   nxks  with    water,   whieh   when  it  freezes  splits  off  ^  •■  r^  "^ 

lannrliiii^  tlirin  t(.»  the  base  of  the  declivities,  wher-  .uit-^*^ 

broken  u]t  l»y  the  same  cause. 

Frozen   Rivers   and   Lakes. — lu  countries  aui-b         ti&u^dir 
liikes  and  rivers  are  IVozen  over  in  winter  with   •»  ii  i*' 

feet  tliiek.     I  nder  certain  conditionSf  alRe 


'.  ii  I  5.]  GEOLOGICAL  ACTION  OF  ICE,  387 


onnB  on  the  bottoms  of  the  rivers  and  rises  to  the  surface.^  In  soYoral 
v^yBy  geologioal  changes  are  thus  effected.  Mud,  gravel,  and  bouldeis 
noased  in  the  anchor-ice  or  pushed  along  by  it  on  the  bottom,  are 
noved  from  their  position.  This  ice,  formed  in  considerable  quantity  in 
He  rapids  of  the  Canadian  rivers,  is  carried  down  stream  and  accumu- 
ijktefl  against  the  bars  and  banks,  or  is  pushed  over  upon  the  surface  of  the 
ipper  ioe.  By  its  accumulation  a  temporary  barrier  is  formed,  the 
jursting  of  which  causes  destructive  floods.  When  the  ice  breaks  up  in 
Murly  summery  cakes  of  it  which  have  been  formed  along  shore,  and  have 
)uclo6cd  beach-pebbles  and  boulders,  float  off  so  as  either  to  drop  these 
in  deeper  water  or  to  strand  them  on  some  other  part  of  the  shore. 

This  kind  of  tianspoit  takes  placo  on  a  great  scale  on  the  St.  Lawrence.  The 
flleta  of  boulder-clay  and  solid  rock  are  fringed  with  blocks  which  have  been  stranded 
bj  ice  and  which  are  ready  to  be  again  enclosed,  and  floated  off  further  down  stream. 
Should  a  gale  arise  during  the  breaking  up  of  the  frost,  vast  piles  of  ice,  with  mingled 
S^ntvel  and  boulders,  may  be  driven  ashore  and  pushed  up  the  beach ;  even  blocks  of 
itone  of  considerable  size  are  sometimes  forced  to  a  height  of  several  yards,  tearing  up 
the  soil  on  their  way,  and  helping  to  form  a  bank  above  the  water-level.  In  the  same 
river,  great  destruction  of  banks  has  been  caused  by  rafts  of  ice,  and  particularly  of 
inchor-ioe.  Crab  Island,  for  example,  which  was  about  an  acre  and  u  half  in  extent  at 
the  beginning  of  this  century,  has  entirely  disappeared,  its  place  being  iudicuted  merely 
hy  a  strong  ripple  of  the  water,  which  is  every  year  getting  deeper  over  the  site.^ 
Other  islands  have  also  been  destroyed.  Great  damage  is  frequently  done  to  quays  an<l 
bridges  in  the  same  region,  by  masses  of  river-ice  driven  against  them  on  the  arrival  of 
spring.  Kcference  has  already  been  made  to  the  increased  power  of  transport  and 
erosion  ac<|uired  by  rivers  liable  to  be  frozen  over,  and  especially  when  their  ice  is 
broken  up  in  the  higher  parts  of  their  courses,  before  it  gives  way  in  the  lower  (p.  35<)). 
Hail,  the  formation  of  which  is  not  yet  well  nnderstocxl,^  falls 
eliiefly  iu  Kummer  and  during  thuuderHtorins.  Wlien  the  pellets  of  ico 
*^*5  frozeu  together  so  as  to  rfacli  the  jji;round  in  lumps  as  largo  as  a 
pi|5i!ou'8  egj^,  or  larger,  groat  damage  is  often  doric  to  wittle,  Hying  birds, 
^'^'l  Vegetation.  Trees  have  their  leaves  and  fruit  torn  t)!!",  and  farm 
^'*"opH  are  IjeatiJU  down. 

Snow. — In  tliose  parts  of  the  earth's  surface  where,  cither  from 
''""Vgi'aphical  position  or  from  elevaticni  into  the  upper  cold  regions  of  the 
^^^oephere,  the  mean  annual  tempeniture  is  below  the  freezing  point, 
^^  condensed  moisture  falls  chiefly  as  snow,  and  remains  in  great 
*^^«-ure  nnmelted  throughout  the  year.  A  line,  termed  the  snotc-Une,  can 
^  ^faced,  below  which  the  snow  disappears  in  summer,  but  above  which 
'  ^X>iitinues  to  cover  the  whole  or  great  part  of  the  surface.  The  snow- 
"*^*i  comes  down  to  the  sea  around  the  poles.  Between  these  limits 
•  ^BCtt  gradually  in  level  till  it  reaches  its  liigliest  elevation  in  tropical 
^^i tildes.     South  of  lat.  78°  N.  it  begins  to  retire  from  the  sea- level,  so 

*  These  conditions,  acci^rding  t<>  Dr.  Rae  (Nuturf,  xxi.  p.  588),  are :  Ist,  a  rocky  or 
??^^  bottom ;  2nd,  shallow  water  as  compared  with  that  higlier  up  the  stream ;  3rd,  a 
^^tjer  current  and  rougher  water,  in  comparison  with  a  smooth  and  slower  motion 
"^J^^i^^^ly  ftbove.  It  is  a  loose,  slushy,  adhesive  kind  of  ice.  See  also  Naturcj  xxi. 
'  ^X2;  xxii.  31,  54. 

*  Bleasdell,  Q.  /.  thol.  So<:  xxvi.  p.  (>61i ;  xxviii.  p.  *2il2. 
^    For  an  account  of  the  different  theories  proposed  to  uucouut  ibr  hail,  sec  Prof. 

lier,  A890C.  Fran^aiite,  1879,  p.  543;  1880,  p.  436. 

2  c  2 
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that  on  the  coast  of  northern  Scandinavia  it  is  already  nearly  3000  ^^ 
above  the  sea.  None  of  the  British  mountains  quite  reach  it.  Ll  ^j^ 
Alps  it  stands  at  8500  feet,  on  the  Andes  at  18,000  feet,  and  on  -^^ 
northern  slopes  of  the  Himalayas  at  19,000  feet. 

Snow  exhibits  two  different  kinds  of  geological  behaviour :  (1)  con- 
servative,  and  (2)  destructive.  (1)  Lying  stationary  and  unmclted,/^ 
exercises  a  protective  influence  on  the  face  of  the  land,  shielding  rods, 
soils,  and  vegetation  from  the  effects  of  frost.  On  low  grounds  this  u 
doubtless  its  chief  function.  (2)  o.  When  snow  falls  in  a  partially 
melted  state  it  is  apt  to  accumulate  on  branches  and  leaves,  until  by  its 
weight  it  breaks  them  off,  or  even  bears'  down  entire  trees.  Great 
deHtniction  is  thus  caused  in  dense  forests,  h.  Snow  accumulating  on 
gentle  slopes  and  slowly  sliding  downwards,  pushes  soil  or  loose  stonee 
down-hill.  Considerable  transport  of  rotted  rock  and  boulders  may  ihns 
arise.^  c.  Snow  on  steep  mountain  slopes  is  frequently  during  spring 
and  summer  detached  in  sheets  from  10  to  more  than  50  feet  thick  and 
several  hundred  yards  broad  and  long,  which  rush  down  as  awdau\» 
(Lawinen),  sweep  away  trees,  soil,  rocks,  and  heap  them  up  in  the  valleys.' 
d.  Another  indirect  effect  of  snow  is  seen  in  the  sudden  rise  of  riven 
when  warm  weather  rapidly  melts  the  mountain  snows.  Many  summer 
freshets  are  thus  caused  in  Switzerland.  It  is  to  the  melting  of  the 
snows,  rather  than  to  rain,  that  rivers  descending  from  snowy  moontaiDS 
owe  their  periodical  floods.  Hence  such  rivers  attain  their  greatest  volume 
in  summer,  c,  A  curious  destructive  action  of  snow  has  been  ol)8erve<l 
(m  the  sides  of  the  Rocky  Mountains,  whore  the  drifting  of  snow  crystals 
by  the  wind  in  some  of  the  passes  has  damaged  and  even  killed  the 
pine-trees,  wearing  away  the  foliage,  cutting  off  the  bark,  and  even 
Hawing  into  the  wood  for  several  inches.^ 

Glaciers^  and  Ice-sheets. — Glaciers  are  rivers  of  ice  fonned  bv 
the  slow  movement  and  compression  of  the  snow  which,  by  gravitation, 
creeps  downward  into  valleys  descending  from  snow-fields.  The  snow 
in  the  higher  regions  is  loose  and  granular.  As  it  moves  dcwTiward  it 
becomes  firmer,  passing  into  the  condition  of  ncvS  or  fim  (p.  117)- 
(Jradually,  as  the  separate  granules  are  pressed  together  and  the  air  is 
K(iueezed  out,  the  mass  iissumes  the  character  of  blue  compact  cn'stalline 
ice.  From  a  geological  point  of  view,  a  glacier  may  l>e  regarded  as  th<? 
drainage  of  the  8no\vfall  alnn'e  the  snow-line,  bh  a  river  is  the  drainage 

•  H.  Y.  Hiiul,  Cmtndian  Xntumlist,  viii.  M87S^  pp.  1»»37,  07G. 

'  An  rtviilaiiohc  innir  Oriiions  IVssus,  Canton  Vaiid  (Dec.  18R2),  pile*!  np  a  ni**» 
nf  iov  and  snow  200  tV'ci  tliick  (some  of  the  i><!-l>look8  iKjin^  18  ft^>t  lonp),  and  c(»TereJ 
:i  sciuare  km.  of  fijround.  Xuturr,  xxvii.  p.  181.  Streams  may  l>e  thiia  )dockc<l  ui».** 
the  Inn  was  at.  Siis  in  IH27.  For  acconnts  of  avalanches,  nee  J.  Coaz,  •  Die  Lai^'in^'^ 
in  den  Schwrizeraljxn,*  Berne,  1881. 

•*  Clarence  Kinjr,  Explonition  of  iOth  Pamlhl,  i.  p.  r)27. 

*  On  prlaciers  and  their  pr<^olojrical  work,  see  De  SanBSun*, »  Vovaja'S  dans  leu  Alp* 
tj  .'>3.">:  Apnissiz,  't^tudes  Hiir  Ich  (ilaciers/  1810;  Keiidn,  '  Theorie  des  Glaciers  de  1* 
Sa voir-,' 3r^w.  ^0(1(7.  iJ?«roiV,  X.,  translated  into  Enprlish,  187.');  J.  D.  Forbes.  'Travel^ 
in  the  Alp.*,' 1813:  *  Xorwav  and  its  Glaciers.' 18:>3;  '  Oectisional  Papew  on  Glucieff- 
\sy.):  Tvnhdl.  'Glaciers  of  the  Alps,»  1857;  Mousson,  •  Gletscher  der  Jetztieit,' 1S54; 
A.  Heim,  •  Haudbuch  der  Gletscherkundc,'  Stuttgart,  1885. 
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the  lain&lL  A  glacier,  like  a  river,  is  always  iu  motion,  though  so 
owly  that  it  seems  to  be  solid  and  statiouar}\  It  descends  as  a 
ritde,  thick-flowing  substance,  like  pitch  or  resin.  The  motion  is 
nequal  in  the  different  parts,  the  centre  moving  faster  than  the  sides 
nd  bottom,  as  was  first  ascertained  through  accurate  measurement  by 
L  D.  Forbes,  who  found  that  in  the  Mer  de  Glace  of  Chamouni,  the  mean 
laily  rate  of  motion  in  the  summer  and  autumn  was  from  20  to  27  inches 
nthe  centre,  and  from  13  to  19^  near  the  side.  Helland  has  observed 
ihit  on  the  west  coast  of  Greenland  the  glacier  of  Jacobshavn  has  a 
remarkably  rapid  motion,  its  rate  for  twenty-four  hours  ranging  from 
18*2  feet  to  64'8  feet.  The  consequence  of  this  differential  motion  is  seen 
n  the  internal  banded  structure  of  a  glacier,  in  the  downward  curvature 
)f  the  transverse  fissures  (crevasses),  and  in  the  arrangement  of  the  lines 
)f  rabbish  thrown  dow^i  at  the  termination,  which  often  present  a  horse- 
ikoe  shape,  corresponding  to  that  of  the  end  of  the  ice  by  which  they 
irere  discharged.  > 

Under  the  term  Ice-sheet  is  included  the  deep  mantle  of  snow 
ind  ice  which,  in  the  Polar  regions,  covers  the  land  and  creeps  out  to 
Ka.  In  high  Arctic,  and  still  more  in  Antarctic  latitudes,  land-ice, 
fonned  from  the  drainage  of  a  great  snow-field,  attains  its  greatest 
iimeDsions.  The  land  in  these  regions  is  buried  under  an  ice  cap  which 
ranges  up  to  a  thickness  (in  the  South  Polar  circle)  of  10,000  feet 
[2  miles)  or  even  more.  Greenland  lies  under  such  a  pall  of  snow  that 
dl  its  inequalities,  save  only  the  steep  mountain-crests  and  peaks 
near  the  coast,  are  concealed.  The  snow,  creeping  do-wn  the  slopes,  and 
mounting  over  the  minor  hills,  passes  beneath  by  pressure  into  compact 
ice.  From  the  main  valleys,  great  glaciers,  like  vast  tongues  of  ice,  2000 
f»r3000  feet  thick,  and  sometimes  5(»  miles  or  more  in  breadth,  push  out 
to  sea,  where  they  break  off  in  huge  fragments,  which  float  away  as 
icebergs.  As  fur  back  as  1777,  Captain  Cook  gave  interesting  descrip- 
tions of  the  glaciers  of  South  Georgia  (Lat.  54'^  8.),  which  reach  the  sea 
inaline  of  cliffs  (Fig.  139;. 

Some  features  of  geological  importance  in  the  iKjhaviour  of  a  glacier 
w  it  descends  its  valley  deserve  mention  here.  When  the  ice  has  to 
travel  over  a  very  uneven  floor,  some  portions  may  get  embayed,  while 
overlying  parts  slide  over  them.  A  massive  ice-sheet  may  thus  have 
Dumy  local  eddies  in  its  lower  portions,  the  ice  there  even  travelling  for 
^ous  distances,  according  to  the  nature  of  the  ground,  obliquely  to  the 
{general  flow  of  the  main  mass.  In  descending  by  a  steep  slope  to  a 
•ttore  level  part  of  its  course,  a  glacier  becomes  a  mass  of  fissured  ice 
'tt  great  confusion.  It  descends  by  a  slowly  creeping  ice- fall,  where  a 
nver  would  shoot  over  in  a  rushing  waterfall.     A  little  below  the  fall, 

'  The  cause  of  glacier  motion  has  been  a  much-vexed  que8tion  in  pLysics.  See, 
'Jendei  the  works  cited  in  the  foregoing  note,  J.  Thomson,  Vwc.  Roy,  Soc.  1850  7 ; 
HoKly,  (n>.  eit  1869;  CroU,  *  Clinutte  and  Time,'  1875;  Hopkins,  rhil.  Mag.  IS^T); 
^  TraiiH.  1862 ;  Helmlioltz,  JhuleJberg  Verhandl.  Nat.  Med.  1865,  p.  194 ;  Vhil 
%  1866,  p.  22;  Pfaff,  Ahad.  Bayer.  1876.  The  banded  structure  of  glacier-ice  may 
^compared  with  shear-structure  (pp.  290,  506). 
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rhi'  traL-iureti  io«.>.  ^vith  ^ill  its  ohaoe  •)!*  pinnacles,  bastions,  and  cbaamiii 
prebsetl  roirether  .i^:ain.  find  by  regelation  becomes  once  nune  a  solid 
Tiui2$8  I  Fiir-  13."»'». 

Tlie  boily  -^t  rhe  n^iacier  thronghont  its  length  is  traTened  by  a  set  of 
tisi«un-s    wile^X  Tevas^it.  whicn.  rhongh  at  first  as  close-fitting  as  cncb 
in   L  ^iit.'t^t  ■  •!  ^lobiK  widen  by  ilegrees  as  the  glacier  moTes  on,  till  they 
r'omi  ^svide  ynwrmu;  obasniA.  reaching,  it  may  be,  to  the  bottom  of  the 
*av.  ^ind  travelling  vlown  with  the  glacier,  but  apt  to  be  effiioed  by  the 
:^rt>ss6ing     i  rheir  walls  together  again  as  the  glacier  winds  down  its 
vailt^y.     The  glacier  '.'onunues  to  descend  until  it  reaches  that  point  where 
:hv  >urplv  oi  ice  is  jnst  equalled  by  the  liquefaction.     There  it  endsr 
its  place  aown  tiie  rest  oi  the  valley  b«ng  taken  by  the  tnmnltioo^ 
rtA'er  oi  muddy  ^vacer  which  escapes  irom  under  the  melting  extremity 
ot'  rhe  iL*e.     A  pzvlongeii  augmentation  oi  the  snowfidl  will  sesid  the  fixy^ 
oi  the  ;xl^cier  rarther  'iown  the  vallev :  a  liiminution  of  the  snow&lJ 
•  tr  a  ^ouenil  rise  <'t  remperatnre  will  cause  it  to  retreat  fiother  up. 

L'ousidvniL-Ii'  '.-sruuxozu  in  ±«  thiokzmB  and  lisngth  ot  glaeieTg  haTe  been  obiau"  "* 
within  'ia-  '^ij^t  -wi*  -t  rhrve  ^smeiasionik  Ine  to  •MviUAQoas  'if  tnupOBCiire  and 


V'lUsi  'iiK'  ^-I'-oier    >t   La  Btvcv:!.  ^u  'm  Italian  ndtr    i  X*aE  Blam*.  slLrmnk  to  §ath  i 
\'".\i  •■    !av'   <i:vsii:i.ri  -v-  ;i-«*»*  -iian  .!*••'  'V-t.       fj,.  T:.„M,ir5   'f  M:nc  Blane  had  o« 

y  ..^r  '.ht  ::^ir>^  >im:!ar  'acta  i.*ri^  :t-^  'i  e»!-r^-.-: '!:  ~j*- Brnew  <jb«friuiJ  t^ff^ 
"V.  V"  *»•».  'mi:  T*ri:  «»nn*  \v:il  ■xotrr.*  ns»  t  rar^.«":.aj:  'Ji»-  •.^:n»-r  iZfi  A  a-  placiei  s 
A"  'no  cNstvr:-.  ■;  ^-iwitT.  -r-iii;:i  -.irink  ?*i*i£  I'.vnr  "i    r  >  a2»rCvs   tzziall^.  the 

ti::!  •»:-:r!i  ua*  'it::  ?«u*!iir«i  Asd  'in  x  in'v  jii'^ir.i^-    c  -iLr  :^^f  "iia  '^ti-iz*     Sissw  1>*^ 

S^iiiiuzivTi.  -^ver*:  -t  .■:".>:-:rrk*:*-r  -vi^^  .:'  ^r  czl-I  lie*  k'*  vr  ibi  sn«>^- 
.::.-.  * >.> r  •■■  ■. T-.-r -.:•: >    :  J* i.  i-r 7s  zi.kj  ': tr    *: e*- r-r  :-L 

1    •Vl.fci-r^    :  Tl-e  Its:  - rier    T-jCTT-cli-i-rv    .-.c-t  I-.-*tl  well  W-v 
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the  nuiw,  and  extend  into  the  yalleyR.  In  high  latitndes,  they  reach  the 
sea.  The  Hnmboldt  Glacier  in  North  Greenland  preeente  a  wall  of  ice 
60  milea  long  and  rising  300  feet  ahove  the  Boa,  which  washea  the  base 
of  tlie  diff.  The  epiry  peaka  and  sharp  crests  of  the  Alps  rise  through 
the  mow,  which  they  thns  isolate  into  distinct  basins  (Fimmnlden), 
a'maging  perhaps  two  sqnare  miles  'in  area,  whence  glaciers  proceed. 
Tlie  number  of  glaciers  among  the  Alps  has  been  estimated  at  2000, 
ccireiing  a  total  area  of  from  3000  to  4000  square  kilometres.  They 
aveti^  perhaps  from  3  to  G  miles  in  length.  The  Great  Aletsch  Glacier 
is  nearly  10  (or,  inolnding  the  snow-field,  nearly  15)  miles  long,  with  a, 
nuu  breadth  of  £900  feet,  and  descending  to  4439  feet  above  the  sea. 
The  thickneaa  of  the  ice  in  the  Alpine  glaciers  must  often  be  as  much  as 
8O0  to  1200  feet.  It  haa  been  computed  that  the  Gomer  glacier  is  largo 
MUngh  to  make  three  cities  as  big  as  London,  The  great  snow-fields  of 
Arctic  Norway  aoonmulate  on  broad  table-lands,  from  which  they  send 
glKJers  down  into  tho  valleys  (Figs.  135-138). 


Fif.ijo.— \>itofthe 


(2)  niaciers  of  the  second   order  (Corrie-glaciors,  Hiingeglctscher 
■^Willy  creep  boynnil  the  high 
*■«  not  thciiefore  reach  as  far 
^ttraplen  of  this  tyjxi  may 


wherein  they  are  formed,  and 
iH  the  nearest  valley.      Many  lieautiful 
HGun  along  tho  steep  declivities  whioli 
I  l)etween   the    stusw-covercd   plateau   of  Arctic   Norway  and 
*lie«ea. 

(3)  Ee-oemented  Glaciers  {Glaekre  rmniiie*).  —  These  consist  of 
fii^nents  which,  falling  from  an  ice-cliff  crowning  precipices  of  rock. 
We  re-frozen  at  tho  Iwthun  into  a  B.jlid  mass  that  creeps  downward 
X  >  glacier  usually  of  tho  second  order.  Probably  the  best  illustra- 
ticM  in  Europe  arc  fumishetl  by  tho  Nus  Fjord,  and  other  parts 
nf  the  north  of  Norway.  In  some  cases  a  flifr  of  "fim"  resting  on 
Mne  ice  appears  at  tho  top  of  tho  precipice— the  edge  of  the  great 
"inwrund,"  or  snow-field— while  several  hundn'd  feet  below,  in  the 
mme  or  cwin  at  tlie  Iwttom,  lies  the  re-cemcnted  glacier,  white  at  its 
ipiwr  edge,  but  acquiring  somewhat  cf  the  .■harftoterintic  blue  gJcam 
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of  compact  ice  as  it  moves  towards  its  lower  margin.  A  be 
example  of  tliia  kind  was  visited  by  me  at  the  liead  of  the 
Fjord  in  Arctic  Norway  iu  1865.  When  making  the  aketol 
which  Fig.  137  is  taken,  I  observed  that  the  ice  from  the  edge 
snow-field  above  slipped  off  in  occasional  aval&nohea,  whidi 
roar  as  of  thunder  down  the  valley,  while  from  the  shattei«d  ie 
rashed  down  the  precipices,  clouds  of  white  snow-dust  roae  into  < 
The  debris  thus  laiiuchod  into  the  defile  beneath  accomiilAtei 


Id  OUdtr,  Itknli  Fford,  Antlo  Hnnnj* 
hy  mutual  preBRure  into  a  tolerably  solid  mass,  which  moves 
ward  as  a  glacier,  and  actually  reaches  the  nea-level — thi 
example,  m  far  an  I  am  aware,  of  a  glacier  on  the  oontiuent  of  '. 
which  attaina  so  low  an  altitude.  As  it  descends  it  is  creTasw 
when  it  comes  to  the  edge  of  the  Qord,  slices  from  time  to  tii 
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off  into  the  water,  where  they  form  fleets  of  miniatuie  icebergi 
which  the  surface  of  the  Qord  ^in  Fig.  138)  is  covered. 

Work  done  by  Glaciers.  — Glaciers  have  two  im- 
geological  tasks  to  perform — (1)  to  carry  the  debris  of  the  mo- 
down  to  lower  levels ;  and  (2)  to  erode  their  beds. 

(a)  TVarwpoft.— This  takes  place  chiefly  on  the  surface  of  i 
Descending  its  valley,  the  glacier  receives  and  bears  along  on  i 
gin  the  earth,  stones,  and  rubbish  which,  loosened  by  frost,  or 
down  by  rain  and  rills,  slip  from  the  cliffo  and  slopes.     In  th 
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of  its  work,  tlie  glacier  reaembles  a  river  which  carries  down  branches 

»iid  leavea  from  the  woods  on   its  banks.     Mont  of  the  detritus  rests 

on  tl>s  larfkce  of  the  ice.     It  includes  huge  masses  of  rock,  sometimes 

»s  l)ig  SB  a  large  oottage,  all  which,  though  seemiiigly  at  rest,   aro 

Hlowly  traTelling  down  the  valley  with  the  ice,  liable  at  any  moment 

to  Blip  into  the  orevassea  which  may  open  below  them.    When  they 

tbos  disappear,  they  may  descend  to  the  bottom  of  the  ice,  and  move 

-vrith  it  along  the  rocky  floor,  which  is  no  doubt  the  fate  of  a  large 

proportion  of  the  smaller  stones  and   sand.     But  the  large  stones 

seen,  Bometamea  at  least,  to  be  cast  up  again  by  the  ice  to  the  surface 

oftheglader  at  a  lower  part  of  its  course.    Whether  themfoi-e  on  the 

ice,  in  the  ioe,  or  under  the  ice,  a  vast  quantity  of  detritua  is  con- 

tinaally  travelling  with   the  glacier  down   towards  the    plains.     The 

mbhigh  lying  on  the  auiface  is  called    moraine  stuff.    Katurally  it 


r^^^'lBiilates  on  cither  side  of  the  glacier,  where  it  forms  the  so-called 

-*^l  marainet.     When  two  glaciers  unite,  their  two  adjacent  lateral 

"^^aines  are  brought  together,  and  travel  thereafter  down  the  centre 

tj,    ***®  glacier  as  a  medi<U  moraine  (Figs.  140  and  141).     In  Fig.  141 

^  left  lateral  moraine  (3)  of  glacier  B  unitos  with  tho  riglit  lateral 

^*^ine  (2)  of  A  to  form  the  medial  moraine  b,  while  the  other  mo- 

*Ogs  (1,  4)  continue  their  course  and  Iwcome  resiiectively  the  right 

P^^     left    lateral    moraines  (c,    a)  of  tho   nnited    glacier.      A   glacier 

"^©d  by  the  union  of  many  tributaries  in  it«  upjicr  parts,  may  have 

.  .    "ierous  medial  lines  of  moraine  (Fig.  140),  so  many  indeed  as  some- 

-   ^«B  to  be  covered  with  debris,  to  the  cnm])leto  concealment  of  tho 

^^-_     At  Buoh  parts,  the  glacier  appears  to  bo  a  bare  field  or  earthy 

jr***»,   rather   than    a   solid   mass    of    clear   ice    of    which    only   tho 


•*nn-^ 


is  dirty  with  rubbish.     At  the  end  of  the  glacier,  tW  ^Wci 
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of  looeo  inftti-riiil-i  i»  tmiiVileil  npon  the  valley  in  what  in  called 
ierminal  moraini'. 

Beiicuth  the   it-o  of  the  Swiss  glaciers  lies  a  thiu  inconstant  I 
nf  fine  wL't  mud,  sand  and  ntoneo,  derived  partly  from  the  deacer 


iiiterials  from    the  Hiirfacf  down  the  orevassoH,  ]M»rtly  from  the 
r  fhi'   Hides   ami    Imttoni    of  the    tclneior-ljed.      Thene  mati-rial) 


Ito  seen  fixed  somotimcR  in  the  loe  itm-ll'.     TUoiigli  it  may 
oiminlato,  this  layer  is  apt  to  !«  removed  l>y  the  ice  or  l»j 
that  tluws  under  tiie  glacier.      Ji   Eh  kunwii  to  Svm  (;« 
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tib«  ■MTOHM  fn/cmde  or  Chttndmorane^  ( =  bonlder-clay,  till  or  Iwttom- 
jiiow°«)-  The  sheet  of  ice  that  once  filled  the  broad  central  plain 
f>f  Switeerland,  between  the  Alps  and  the  Jura,  certainly  pushed  a 
-vsflt  deal  of  mad,  saod,  luid  etones  over  the  floor  of  the  valley,  and  thiH 
joaterial  Iiaa  heea  left  as  a  covering,  like  the  till  of  Horthem  Europe. 

Wlien  from  any  cause  a  glacier  dimiuiehes  in   size,  it  may  drop 

jta  blooka  upon  the  sides  of  its  valley,  and  leave  them  there,  sometimes 

1(1  the  most  threatening  positions.     Suoh  stranded  stones  are  known  as 

perdted  iloei§  (Fig.  142).    Those  of  each  valley  belong  to  the  rocks  of 

-tbat  valley ;  and  if  there  be  any  difference  between  the  rocks  on  the 

t,-wo  ndes,  the  perohed  blocks,  carried  far  down  from  their  sources,  still 

pcont  to  that  diffbrenoe,    for  they  remain  on  their  own  original  side. 

Bnt  during  a  former  great  extension  of  the  glaciera  of  the  northern 

lieiiuaphere,  blocks  of  rock  have  been  carried  out  of  their  native  valleys, 

aoran  plains,  valleya,  and  even  oonsiderable  ranges  of  hills. 


Ufrl,  «eniiti(a"(FiinlliDge)  not  only  abound  in  the  Bwia  vnllejs,  Imt  f.roai  the 
gi  l>lain  of  f^witzerland,  and  appeitr  in  numbers  lii^h  upon  the  flanks  of  the  Jura, 
(ly^  Hie  latter  mouutaiOB  consiet  chiefly  nf  limegtone,  imd  tbo  bliK-ks  ure  of  vorioiu 
jijj^line  focke  belonging  to  the  higher  parts  of  the  Alpa,  the  proof  of  tranaport  js 
,f  '^^ble.  Thoaaanda  of  thein  form  a  great  belt  of  boiildere  cilendin);  for  milei  at  an 
((jj**8c  height  of  800  feet  above  the  Lake  of  Neufchtlel  (Fig.  H3)-  These  wiieist  of 
^  .  I''t>togine  granite  of  the  Mont  Blanc  group  of  mountsitia,  and  muat  have  travelled 
,.  .^"t  60  or  TO  milea.  One  of  the  moat  noted  of  them,  the  Pierre  it  Bot  (toad-atone), 
m  **•>  ]iei  about  two  miles  west  of  Neufchltel,  measures  50  (Frcneh)  feet  in  length  by 


^  -'  width,  and  40  in  height.  It  is  estimiitcd  to  contain  10.000  cubic  feet,  and  to 
^jKh  about  3000  tone.'  The  celebratoil  '■  blocks  of  Montlicy  "  conBist  of  huge  massra 
I^S^knite,  dispoaed  in  a  belt,  vhieh  extends  for  miles  along  the  mountain  alopce  on  the 
^h^nkof  tho  Rhone,nciir  ita  union  with  tliel.ftko  of  .Geneva.    On  the  stiuthem  sido 

u"  In  18C9  I  examined  a  characteristic  miction  of  it  near  Solothum,  full  of  somtcliad 
^^*a,  and  lying  on  tbo  Btriat«d  pavement  of  rock  to  be  immediately  dcacribed  as 
to'^hor  chaz&cteriitio  of  ico-action.    It  closely  retembled  the  Itoulder-clay  of  nortliem 
■"^ope.  '  Forbes, '  Travels  in  the  Alpa,'  p.  49. 
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of  (be  Alps,  similar  evideiice  of  the  tmoapoit  of  blocki  bom  the  ceDtiml  b 
be  found.  Oa  the  flimkB  of  the  limeatixie  beights  on  ths  farther  lide  of  the  Uki 
of  Oomo,  blocks  of  granite,  gnelM,  and  other  cryetalline  rocks  lia  M«tteted  iW 
in  hnodredB  (Fig.  144). 

Before  the    nnmeTooa   facts   had  been  collected    and    ODdentood 
which  prove  a  former  great  augmentation  in  the  size  of  the  Alpine 


glaciere,  it  was  believed  by  many  geologists  that  the  erratica  Btrani*^ 
along  the  flanlcH  of  the  Jnra  moontaine  had  been  transported  <n 
floating  ice,  and  that  Central  Europe  was  then  in  greet  part  svi^ 
merged  beneatli  an  icy  sea.    It  ia  now  universally  admitted,  however. 


Ihat  the  tmn sport  has  been  entirely  the  work  of  glaciers,  luBteaii  of 
l)ein(f  confined,  as  at  present,  to  the  higher  parte  of  their  valler^ 
the  glaciers  extended  down  into  Ihe  [ilainw.  As  already  stated,  lifj 
filled    tlio    f!;reat  depression  l)etween    the  OI)eTland  and  the  Jura,  nnil. 


rining  high  upon  the  flanks  of  the  latter  chain,  actually  overtwi* 
Komo  of  its  ridges.  Similar  evidence  in  tlie  hilly  parts  of  Britiiii. 
as  well  as  in  other  parts  of  Europe  and  America,  no  longer  thf 
abode  of  ^wnen.  shows  that  a  great  extension  of  snow  and  ice  at » 
leoent  fwdbgioal  period  prevailed  in  the  northern  hemisphere,  m  "^ 
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te  deeoribed  in  the  aoctnmt  of  the  Glacial  Period  in  Book  VI.  Eiten- 
nve  as  are  the  present  ice-sheets  aud  glaciers  of  Greenland,  they  are 
ondDabtedly  mach  reduced  from  their  former  size,  for  bare  ioe-wom 
rocks  are  found  beyond  their  limite,  as  in  Scandinavia.'  There  is  proof 
alio  that  the  glaciers  of  New  Zealand  were  fomierly  much  larger, 

Aa  De  la  Beche  has  well  pointed  out,  the  student  must  be  on  his  guard 
lot  he  be  led  to  mletako  for  trie  erratics 
mete  weathered  blocks  belonging  to  a 
rock  that  has  disintegrated  in  ntu.  If,  for 
example,  be  should  encounter  a  block 
like  that  represented  in  Fig.  146,  he  would 
properly  conclude  that  it  had  travelled, 
became  it  did  not  belong  to  the  rock  on 
which  it  lay.  But  he  would  require  to  ^'B'  '"' taSl^''^(B.)""*'"" "'' 
pTOTc  further  that  there  was  no  rock  in  the 

immediate  neighbourhood  from  which  it  could  have  fallen  as  the  result 
of  mere  weathering.  The  granite  (c)  shown  in  Fig.  147  disintegrates 
>t  the  summit,  and  the  blocks  into  which  it  splits  £ud  their  way  by 
graiitation  down  the  slope.' 

(6)  Erosion. — The  manner  and  results  of  erosion  in  the  chanuel 
ef  >  glaoier  differ  &om  those  associated  with  other  geological  agents, 
ud  fonn  therefore  distinguishing  features  of  ice-action.    This  erosion  is 


(a),  which  grfediuJly  ri>11  dvwD  nputi  Ut 


*"Wttil  not  liy  the  mere  contact  and  pressure  of  tho  ice  upou  tlio  rockn 
(tlijugh  undoubtedly  blocks  of  rock  are  thereby  detached  aud  reduced 
*"  fr^ments),  but  by  moans  of  the  fine  sand,  stones,  and  blocks  of 
•^  that  fall  between  the  ice  and  the  rocks  on  which  it  moves.  Tho 
Mtritns  thus  introduced  is,  for  the  most  part,  fresh  and  angular. 
Ih  triturati<in  by  the  glacier  reduces  the  size  of  the  particles,  but 
•"•ins  their  angular  character,  so  that,  as  Daubrce  ba«  pointed 
"iili  the  sand  that  escapes  from  the  end  of  a  glacier  ap|)ears  in  tho 

'  H.  Kink,  I'rleniiaHTt't  MIIIJu-aHii>i<n.  IHSI,  |..  l:HI,  wliore  goiii.;  of_  Iho  luiwt  recent 
'*wHi  of  Greenland  Hiploruliuu  will  be  fouDt).  Much  uueful  mfnriiiiitiiiii  rogardiug  the 
^MicK^ioniii  given  in  the 'MbduhI  Hnd  iDstnictiona  for  the  Arctic  Expedition,' 1875. 

'  De  U  Bvche,  '  Oooln^'ical  Observer,'  |).  257.  The  luifuce  of  Bome  patU  o!  tho 
naile  district*  of  Comwull  are  strewn  with  large  bouldvrs  uf  granite,  schncl-rock,  vein* 
VKrt^  ko.,  bcrt  ttteeo.  though  resembling  eiruticn  in  form,  are  ell  due  to  deconipositiou 
"  tlw  jMitat-mki  In  (flu. 
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conditiou  of  sliarp  freeUy-broken  graiua,  and  not  as  nranded  mb 

worn  particloB,' 

The  Hurface  of  u  glacier  Itcin^  often  strewn  with  earth  and  stoi^^Mj^ 
these  Tnaierials  are  freqnentl^  precipita^ftief] 
into  the  crovasBoa,  and  may  thus  ie^t«]i 
the  rocky  floor  over  which  the  ice  is 
moving.  They  likewise  fall  into  "tAxt 
narrow  space  which  sometimea  in-ter^ 
vones  l>etween  the  margin  of  a  glacder 
iind  tlici  Bide  of  the  valley  (a  in  Fig.  14d^ 
Held  by  tho  ice  as  it  creeps  along,  tli^j 
are  ]irctjaod  against  tho  rooky  sides  aM:icl 
bottom  of  tho  valley  so  finnly  and  p^s- 
eistently  as  to  descend  into  each  lift:-^° 

Itdllow  and  uiyiiiit  ovlt  each   ridge,  yet  all  the  whilo  moving  alo^cJft 

uteadily  in  one  dominant  direction  with  tho  general  movement  of  i^^**" 


,lc.    ( J.  p.  furixM.) 


[J.  1>,  KwWii). 


glacier.  Hero  and  tbort;  tho  ice,  witli  gniiiis  of  sand  and  jtieces  of  stoi^--' 
imbeddeil  iii  its  surface,  can  bo  caught  in  the  very  act  of  poliahing  an^^^ 
scoring  tho  rocks.     In  Fig.  I4'J  a  view  is  fjiven  of  tho  "angle"  on  tl 

'  '  Qeolugiu  Kipc-rim.'  p.  aSl. 


Smit.  iL  {  &] 
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Vet  de  Glaoe,  Chamomd,  where  blocks  of  granite  are  jammed  between 
tie  miinl  edge  of  the  ioe  and  the  precipice  of  rook  nlong  whicli  it 
inorcs,  and  which  is  scored  and  polished  in  tlic  direction  of  motion  of 
tla  blocks.  Under  tho  slow,  continuous,  and  enormous  orosivo  power  of 
tlie  creeping  ice,  the  moit  compact  resiBtiiig  royks  are  ground  down, 
*>i>Wot]ied,  polished,  and  Btriat«d.  The  etriee  vary  from  such  iine  lines 
W  nuy  be  made  by  tho  smallest  frminB  of  quartz  up  to  deep  rats  and 
gniovee.  They  eometimes  cross  each  other,  one  set  partially  efl'acing  an 
ulder  ODO,  and  thus  pointing  to  shiftings  in  tho  movcuieut  of  the  iec. 
Oa  tho  retirement  of  the  glacier,  hummocky  bosses  of  rook,  having 
Wooth  nudnlating  forms  like  dolphins'  backs,  arc  conspicuous.     These 


'»*To  received  the  name  of  rwfte*  moutimueet.  The  sttjnes  by  which  t]iin 
*^'^tchiiig  and  polishing  are  effected  suffer  iu  exactly  the  name  way, 
r^^y  are  ground  down  and  striated,  and  since  they  must  move  iu 
liue  of  least  resistance,  or  "  end  on,"  their  striie  run  in  a  general 
leu  we  come  to  noticu 


til. 


^*i««  lengthwise  (Fig.  152).    It  will  Ijc 

r***    traces  of  former  glaciers,  how  imix>rtant   is   the  evidence  given 
^"  these  striated  stones. 

besides  its  proper  and  characteristic  rock-erosion,  a  glacier  is  aided 
5*   *  singular  way  by  tho  co-oparatiou  of  running  water.    Among  the 
'l>K,  during  day  in  summer,  much  ice  is  niultud,  ;nid  tho  water  courses 
"  '  "       s  thoy  reach  tho  ci-evasaes,  tumble 
re  lost  ilk  the  depths  of  the  ice. 


T*^*  tho  glaciers  in  brooks  which,  a 
"^^vti  in  msliing  wutorl'alls,   and   e 


4'>) 
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DirtcT^.  r.vw^v-:r,  ty  the  fonn  of  the  ic«-pMe»ge  agsinst  tho  mekj 
A-y.T  'It  th>.-  v^ey.  the  water  deec«n>i5  at  ■  particnlar  spot,  aarrrisg 
with  it  tht  S4I1-L  luH'i,  and  6r>n«  which  it  mav  have  swept  »way  ftm 
the  snrfiicv  of  the  ^latier.  By  meaiu  uf  these  matcrialB  it  erodes  deep 
pot-h',-1'^  I'mc-ttlios  I  in  the  »>lid  t\.>ck.  in  vhicfa  the  rounded  detritru  i> 
left  d^i  the  -.TcvaMe  cl-:<£c£  op  or  luOTes  down  the  valley.  On  the  loe- 
w.>m  snrface  cf  Xvnv-jy,  angular  c«Titie«  of  this  kind,  knon-n  m  "  giutf 
k>?ttl>::d"  'jr  " canl-li<:-nd  "  i  RieMoiopfe.  BieMenkeaKl,  Fig.  151)  eiiit  in 
^n;itt  uuiul-ers.-  Thei>:  can  be  little  doubt  that  they  have  had  an  origiii 
under  the  uid^ve  iLv-ciiiTer  which  once  spread  over  that  peniMnk 
.Similar  (.-ariti<:S  fiU-rd  with  mnsported  bonlden  occur  in  the  moUw 
tMln'.ld^f  ne  near  Bern.-  and  a  Idrge  gronp  of  them  is  now  one  of  the  nghb 
of  Lueemc.  They  have  Let n  refOgni«>l  in  North  Gennany  '  and  geW- 
ally  over  the  glaciated  areas  of  Europe.  Ai 
thttGti'enland  ice~eheet  ia  traversed  in  aamiim 
l>y  powerful  rivers  which  are  swallowed  up  is 
the  crevasee^  excavations  of  the  same  natnR 
are  no  doubt  also  in  pni^ress  there. 

As  rocks  present  great  diverdtiee  of  Btnic- 
tare  and  hardness,  and  consequently  vary  mndi 
in  the  resistance  they  offer  to  denadatiun,  they 
are  necessarily  worn  down  unequally.  The 
softer,  more  easily  eroded  portions  are  soooped 
out  by  the  grinding  action  of  the  ice,  v"! 
hasin-shaped  or  various  irregular  cavities  m 
dug  out  below  the  level  of  the  general  Murfiw*' 
Similar  effects  imiy  be  produced  by  a  Vol 
augmentation  of  the  excavating  {>i>weT  uf  > 
glacier,  as  where  the  ieu  is  strangled  in  eoino 
narrow  part  of  a  valley,  or  where,  from  chwp 
in  declivity,  it  is  allowed  to  aecumulatc  in 
^'''  '"iT^h".::-^--?."' ''"'  greater  mass  as  it  moves  morw  slowly  ouwmJ. 
SniAx  hrdlows,  ou  the  rotirement  of  the  iee. 
l-ct-omu  receptacles  for  water,  and  form  p>>ols,  tarrns.  or  lakes,  nuli». 
indt-efl.  they  chance  to  haw  bfen  already  tilled  up  with  glacial  rubbist. 
It  is  now  some  ytare  since  E'ir  A.  0.  liamsay  ilrew  attention  to  tiu« 
peculiar  (i.jwer  of  land-ice.  and  affirmed  that  the  abundance  of  excav»leJ 
rock-l>asins  in  Northern  Europe  and  America  was  due  to  the  factttat 
these  rcgiouK  had  lieen  exteusively  eroded  by  sheets  of  land-ice,  when 
the  more  northern  pans  of  the  two  continents  were  in  a  conditio!!  lib 
that  ...f  North  Greenbuid  at  the  pnteut  day.*  It  is  among  tlie  ice-fieldi 
of  Oretuland,  rather  than  am.-nfrtlie  vallcy-glacienj  of  isolated  uionnUin- 


.  A.  s 


ar>tA,«;,i.l^T4, 

IIllCllUIHIlU.  .Y<H< 

(.  l!WO.  p.  27j. 
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•  Q.  J.  Geol.  S>c.  iviii.  (I8C2  ,  ii.  IM.'  Sw  aleo  n  papir  In- A,  HelluiJ  (of-Ot- 
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;,  thftt  the  operatioiiB  which  prodncod  tho  widespread  gonoral  glacia- 

llie  period  of  the  rock-basiiiB  find  thoir  nDaroBt  modem  onalogiee. 
:le  Talley-glacicr  retires  towards  its  parent  enow-field  aa  the  climate 
rates,  leaving  its  roclie»  faoutonnie$,  morainfr-monndfi,  and  rock- 
,  yet  at  times  discharging  its  wator-drainago  ia  auoh  a  way  aa  to 

down  tho  moraine-mounds,  fill  np  tho  basins,  bury  the  ice-worn 
ocks  of  rock,  and  strew  tho  valley  with  gravel,  earth,  sand  and  big 

of  rock.  Hcncothoactnolfloor  of  theglacicrisapttobo  obscured. 
I  the  case  of  a  vast  alieut  of  laud-ice  covering  continuously  a  wide 
,  there  can  Iw  but  little  superficial  d6bris.  When  such  a  mass  of 
ires,  it  must  leave  behind  it  aa  ice-worn  surface  of  country  more  or 
rewn  with  Iho  detritus  which  accumulated  under  tho  ice  and  was 
I  along  by  it.  This  infra-glacial  d^brin  forms  the  Qmudmormie 
**  pr^foftde),  or  bottom -moraine  above  referred  to  (p.  305).  Wo 
as  yot  very  little  regarding  its  fonnatiou  in  Greenland.      Most 

knuwlodge  regarding  it  ia  derived  from  a  study  of  tho  till  of 
i-clay  in  more  southern  latitudes,  which  is  believed  to  represent 


Hg.  161.— SWiit&l  ilum  frum  BoiiMer*!!/, 


ttom-moraine  of  an  ancient  ice-sheet.  In  countries  where  true 
r-elay  occurs,  numorons  rock-hasins  are  commonly  to  be  mot  with 
the  uncovered  portions  of  tho  rocks.  These  awl  other  features  of 
ed  Kuru]>e  and  America  will  I*  more  fully  described  in  the 
t  of  the  Olacial  rcrio<l  (Book  VI.).' 

rdly  anything  has  yet  lioen  done  in  the  way  of  actual  measure- 
)f  the  rute  of  erosion  by  diflferent  glaciers.  An  approximation  to 
ith  niig)it  bo  obtained  from  tho  abundant  fine  sediment  which, 
the  chnrdctcriutic  milky  turbidity  to  all  etrt'ams  that  escape  from 
Itiug  ends  of  glaciers,  is  an  index  of  the  amount  of  this  erosion. 
!ete.^e  (quantity  of  sediraeut  discharged  from  the  melting  end  of 
er  during  a  year  having  been  estimated,  it  would  be  easy  to 
ine  its  equivalent  in  tho  precise  fraction  of  a  foot  of  rock  annually 
td  from  the  area  drained  by  the  glacier. 

!  Ibc  Tt-markii  already  niadu  (]).  325)  un  the  powbilily  ot  tlio  ruttinf;  out  of 
ipcd  leceptjiclca  in  solid  ro«k  through  tlio  opemtions  or  eupcrlicial  wcetheriDg 
am  which  ma;  account  foT  inuii^  ruck-bsiiius  tlukt  bavu'  eubscquoiiUy  bad  their 
■ed  look  iwept  out  of  thorn  by  ic«. 
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From  the  end  of  the  Aar  glacier  (which  with  ita  affluenta  is  compated  to  haTe  a 
urea  of  CO  square  kilometres,  and  is  therefore  br  no  mcana  one  of  the  largest  in  SwitlB^ 
lun>1)  it  hfls  lx.«n  estimated  that  there  escape  every  day  in  the  month  of  August  tvo 
million  cubic  metres  (440  million  gallons)  of  water,  containing  2^,374  kilogrunmei 
(280  toiifi)  of  &in(L  Mr.  A.  Hellnnd  has  computed  that  from  the  Justedal  glacier, 
Xons'uy.  one  million  kilogrammes  of  sediment  arc  diwbargetl  in  a  July  day,  and  fliat 
the  total  annaal  di^'hargc  from  the  ice- fid  1,  S30  square  miles  in  aiva,  amonnts  to 
1^0  millions  of  kilogrammes,  besides  13  millicm  kilogrammes  of  mineral  matkf  m 
R'liitioii.  Taking  the  speeidc  gravity  of  the  biispended  matter  at  2*0,  ho  finds  that  the 
kidiu  of  the  t/]ncier  I(M>es  (»r»,0<.H)  cubic  metres  of  solid  rock  every  year,  or  a  cuhicinui 
mi.*aauring  41  mr*tred  n:i  th«?  bide.*  Tlierc  is  some  difficulty,  however,  in  deterniiniug 
what  pptji^irtion  of  the  sediment  may  have  been  washed  in  below  the  ice  by  strranu 
issuing  from  springs  and  melt^tl  snows.  Estimates  of  the  work  done  by  glaciers,  m  hr 
as  Imacd  upon  the  amount  of  Ecdiment  discharged  by  them,  may  consequently  be  nther 
over  the  truth. 

§  G.  Oceanic  Waters. 

The  area,  depth,  temi>erature,  density,  and  comjxisitiou  of  the  sta 
having  })een  already  treated  of  (Book  II.),  we  have  now  to  consider  its 
place  among  the  dynamical  agents  in  geology.  In  this  relation  it  may  be 
studied  under  two  aspects :  1st,  its  movements,  and  2nd,  its  geological 
work. 

I.  Movements. — (1.)  Tides, — These  oscillations  of  the  mass  of  the 
(H?eanic  waters  causu<l  by  the  attraction  of  the  sun  and  moon  require 
notice  here  only  as  reganls  their  geological  bearings.  In  a  wide  deep 
ocean,  tidal  elevation  priibaldy  produces  no  perceptible  geological  cliangt?. 
It  ])asse8  at  a  great  Ki>eed ;  in  the  Atlantic,  its  rate  is  500  geograiJiical 
iiiib'.s  an  huur.  But  as  this  is  merely  the  passing  of  an  <»scillatiou 
wherel>y  the  j)article8  of  wat<?r  are  gently  raised  up  and  let  down  ai^iiic, 
there  can  hardly  l)e  any  appreciable  effect  ujwn  tlie  deep  ocean -Imttoui. 
"When,  liowever,  the  tidal  wave  enters  a  nan*ow  and  shallow  sea,  it  lias  to 
acconnnodate  itself  to  a  smaller  channel,  and  encounters  more  an<l  more 
the  friction  of  the  bottom.  Hence,  while  its  rate  of  motion  is  dimiiiis]io«l 
itH  height  and  f».»rce  are  increasetl.  It  is  in  shallow  water,  and  along  the 
hhores  of  the  land,  that  the  tides  ac<|uire  tlieir  main  geological  iiuiKirt- 
ance.  They  there  show  themselves  in  an  alternate  advance  uptm  awl 
retreat  from  the  coast.  Their  upjx^r  limit  has  received  the  name  of  high- 
irater  marl;  their  lower  that  of  low- f cater  mark,  the  littoral  Ki>acc  between 
being  termed  the  beach  (Fig.  153).  If  the  coast  is  pi-ecipitous,  a  l«ach 
can  only  tK*cur  in  shelving  l)ay8  and  creeks,  since  elsewhere  the  titles 
will  rise  and  fall  against  a  face  of  rock,  as  they  do  on  the  piers  of  u  jx^rt 
(In  such  rocky  coasts,  the  lino  of  high-water  is  sometimes  adiniraMy 
defined  by  the  gi"ey  crust  of  l>amacles  adhering  to  the  nwks.  AVhore 
the  1m.m\c1i  is  flat,  and  the  rise  and  fall  of  the  tide  great,  many  wjuart 
miles  of  sand  or  mud  may  bo  laid  l)aro  in  one  l>ay  at  low-wat4>r. 

The  height  of  the  tide  varies  from  zei*o  up  to  GO  or  70  fi^t.  It  i» 
greatest  whore,  from  the  fona  of  the  land,  the  tidal  wave  is  coi^jicdtip 
within   a  narrow  inlet  or  cfituary.      Under  sucli    circumstances  the 

.>^.  .R^hqi.  fitodrMn  JMoMff.  18749  Na  21,  B^ 
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Jvanciiig  tide  HomGtimeB  gathors  itBolf  iuto  one  or  more  large  waves, 
nd  nulies  fnrionsly  up  between  the  converging  Bhores,  TLis  is  tlio 
rigin  of  the  "  bore"  of  the  Sovem,  wliioli  lines  to  a  height  of  9  feot, 
rhile  the  lise  and  fall  of  the  tide  at  Chepstow  amounta  to  a  maximum 
i  60  feet.  In  like  manner,  the  tides  which  enter  tho  Bay  of  Fundy, 
between  Nova  tiootia  and  New  Brunswick,  arc  moru  itnd  niuro  cooped  up 
Koi  rise  higher  as  they  ascend  that  strait,  till  thoy  i-cacii  a  height  of 
TO  f«et. 

While  the  tidal  swelling  is  increased  in  height  by  the  shallowness 
ud  convergoDce  of  the  ahores  between  which  it  moves,  it  gains  at  the 


Fl(.  ISX-ficctluD  at  >  Vetib  drflncd  ij  W^  mi  Low-WUcr  Mark. 

Hme  time  foroo  and  rapidity.  No  longer  a  mere  oscillation  or  pulsation 
ff  the  great  ocean,  tho  tide  acquires  a  tnio  movement  of  translation,  and 
pm  rise  to  currents  which  rush  ^aat  headlands  and  through  narrows  in 
poworfnl  streams  and  eddies. 

nte  lorky  uiid  iatiicoto  uuvigatjon  or  tbo  webt  of  SixdIaDiI  nml  Kc&ixliDUviit  furnUlics 
>Mrii)mir.tb1u  illiulratiotisaflhu  rapiditjof  thcco  tidiil  cnminlti.  Tho  ftiTnoits  vrlitrl- 
Pwl of  L'orrjvrecknD,  tbo  larking  cdOica  in  tbo  Kjlos  of  Hkye,  llio  brtotoni  ut  Ibo  Boic 
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ttDaneaTwbj,  and  tbo  tDmnltuouB  tiJcva;,  trimly  namcil  by  llio  Diirtbcrn  flijlicruH.'n 
'IkeHenr  ^'<^  "^  ^cy,"  in  Ibo  Pod  (bind  Firth,  bear  wilnoss  to  tboMronf;th(irtboao  wii 
■nsi.  At  tbo  but-mentioned  atrait,  tho  current  or  "  nuro  "  at  \U  Btrongcst  nins  at  tliu 
Werf  10  mile*  an  bour,  ithioh  fa  folly  three  limes  tbo  apoeil  of  moat  of  out  latgo  rivers. 
(2.)  OirreBrt.— Recent  researcihes  in  ocean-temperature  have  iliscloaed 
Iba  remarkable  fact  that,  licncath  tlie  surface-layer  of  water  affected  by 
tko  tempeTaturo  of  the  latitude,  there  lies  a  vast  mass  of  cold  water,  tbo 
iMttam-temporaturc  of  every  ocean  in  free  communication  with  the  poles 
Wag  little  above,  and  sometimes  actually  below,  the  froczing-]Htint  of 


404  DYNAMICAL   OEOLOOY.  [Book  I U.  Part  II. 

i'rosh  Wilier.^  In  the  North  Atlantic,  a  tomi)erature  of  40^  Fahr.  is 
roaehed  at  an  average  depth  of  about  800  fathoms,  all  beneath  that  depth 
l)ein^  ]»r(.)gre8Jsively  colder.  In  the  equatorial  parts  of  that  ocean,  tho 
.same  teiui»crature  comes  to  within  300  fathoms  of  the  surface.  In  the 
Soiitli  Atlantic,  off  Capo  of  Good  Hoix),  tho  mass  of  cold  water  (below 
10  )  rises  like\N'ise  to  about  300  fathoms  from  tho  surface.  This 
distribution  of  temperature  proves  that  there  must  be  a  transferonooof 
cold  polar  Avati-r  towards  the  equator,  for  in  the  first  place,  the  tempe- 
rature of  the  j^reat  mass  of  tho  ocean  is  much  lower  than  that  which  is 
normal  to  each  latitude,  and  in  the  second  place,  it  is  much  lower  thin 
that  of  the  superficial  parts  of  the  earth's  crust  imdomoath.  On  the 
other  hand,  the  movement  of  water  from  the  poles  to  the  e»iuator  rci|uirw 
a  return  movement  of  com][)en8ation  from  the  equator  to  the  }>olcs,  and 
this  must  take  place  in  the  superficial  strata  of  the  ocean.  Apart  there- 
fore from  those  rapid  river-like  streams  which  traverse  the  ocean,  and 
to  which  tlie  name  of  Currents  is  given,  there  must  be  a  general  drift  of 
warm  surface-water  towards  the  ix)les.  This  is  doubtless  most  markedly 
the  case  in  the  Koi*th  Atlantic,  where,  besides  the  current  of  tho  Gnlf 
Stream,  there  is  a  prevalent  set  of  the  surface-waters  towards  the  north- 
east. As  the  distribution  of  life  over  the  globe  is  everywhere  so  depen- 
dent ujion  temperature,  it  becomes  .of  the  highest  interest  to  know 
that  a  truly  arctic  submarine  climate  exists  everywhere  in  the  deeper 
parls  of  the  sea.  With  such  uniformity  of  temperature,  wo  may  antici- 
pate^ tliat  tho  abysmal  fauna  will  Ix)  found  to  ][)Ossess  a  corresponding 
sameness  of  character,  and  that  arctic  types  may  bo  met  with  even  on 
the  ocean-l»ed  at  the  e<j[Uator. 

]3ut  besides  this  general  drift  or  set,  a  leading  i)art  in  ^xxjauic 
circulation  is  taken  by  the  more  defined  Currents.  The  tidal  wave 
only  l.)eeome8  one  of  translation  as  it  i)as8es  into  shallow  water,  and 
is  thus  of  merely  local  consequence.  But  a  vast  body  of  water,  known 
as  tho  E(piatorial  Current,  moves  in  a  general  westerly  direction 
round  tlie  glol^e.  Owing  t<-)  the  way  in  which  the  continent's  cross  its 
pa  til,  tin's  current  is  subject  to  considerable  deflections,  Tlnw,  that 
portion  which  crosses  the  Atlantic  from  the  African  side  strikes  againfit 
tlio  mass  of  Soutli  America,  and  divides,  one  p(n*tion  turning  tovTiphj 
the  south  and  skirting  the  shores  of  Brazil;  the  other 'Jiendhig  north- 
wrstuard  into  the  Gulf  of  Mexico,  and  issuing  thence  as  the  weD- 
kuown  ({ulf  Stream.  This  equatorial  water  is  comparatively  "waTm 
and  Yv^ht.  At  the  same  time,  the  heavier  and  colder  indar  water 
ninvcs  towards  the  equator,  sometimes  in  Hurfaco-currents  like  th««* 
wliirli  skirt  the  eastern  and  western  shores  of  Cireeuland,  hut  nioro 
^tncrally  as  a  cold  under-current  which  creojjs  over  the  li*.ior  of  tho 
ocean  even  ais  far  as  the  equator. 

'  Beis  in  jiurticular.iiiaiiioIxibjrCariieufi.'riiud  WyvilloThomaon,  Prvr,,  Hoy,  Sx.vv* 
(WiH^ :  Jhit.  Atsac.  xli.  olfM^:  Pnc,  1^.  Q^jrapk,  8oc  xt.  Aeporti  to  the  Adniitltl 
nf  Oir  aiiiHruffer  Kxiilonifr- Ksjicdltioik     Wyvilk  Thianaon*!  ^  IH^ths  of  tho  Sea,'  l^ 

mid  •  A(luiitip.*lPT 
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If nch  discufision  has  arisen  in  recent  years  as  to  the  cause  of  occanio 
ilation.  Two  rival  theories  have  been  given.  According  to  one  of 
«,  the  circulation  entirely  arises  from  that  of  the  air.  The  tnulo- 
is,  blowing  from  either  side  of  the  equator,  drive  the  water  l)eforo 
Q  until  the  north-east  and  south-east  current-s  unite  in  equatorial 
Hides  into  one  broad  westerly-flowing  current.  Owing  to  the  form  of 
land,  portions  of  this  main  current  are  deflected  into  temperate  lati- 
»,  and,  as  a  consequence,  an  equivalent  bulk  of  polar  water  requires 
Qove  towards  the  equator  to  restore  the  equilibrium.     According  to 

other  view,  the  currents  arise  from  diflerences  of  temperature 
i  according  to  some,  of  salinity  also) ;  the  warm  and  light  c(iuatorial 
er  stands  at  a  higher  level  than  the  colder  and  heavier  polar 
Br;  the  former,  therefore,  flows  down  as  it  were  polewards,  while  the 
jr  moves  as  a  bottom-inflow  towards  the  equator ;  the  cold  lx)ttom- 
3r  under  the  tropics  slowly  ascends  to  the  warmer  upper  layers,  and 
I  in  temperature  towards  the  surface,  whence  it  drifts  away  as  warm 
JT  towards  the  pole,  and,  on  being  cooled  down  there,  descends  and 
ns  another  journey  to  the  equator.  There  can  be  no  doubt  that  the 
1b  are  directly  the  cause  of  such  currents  as  the  Gulf  Stream,  and 
efore,  indirectly,  of  return  cold  currents  from  the  polar  regions.  It 
18  hardly  less  certain  that,  to  some  extent  at  least,  diflerences  of 
)erature,  and  therefore  of  density,  must  occasion  movements  in  the 
;  of  the  oceanic  waters.^ 

Lpart  from  disputed  questions  in  physics,  the  main  facts  for  the 
>gical  reader  to  grasp  are — ^that  a  system  of  circulation  exists  in  the 
i;  that  warm  currents  move  round  tlie  equatorial  regions,  and  are 
xl  now  to  the  one  side,  now  to  the  other,  by  the  form  of  the  coiiti- 
s  along  and  around  which  tliey  sweep  ;  that  cold  currents  set  in 

poles  to  equator ;  and  that,  ajmrt  from  actual  currents,  there  is  an 
imely  slow  "  creep  "  of  the  polar  water,  under  the  warmer  upper 
•8,  to  the  equator. 

J.)  Wares  and  Ground-Swell. — A  gentle  breeze  curls  into  ripples  the 
06  of  water  over  which  it  blows.  A  strong  gale  or  furioiuj  storm 
1  the  surface  into  waves.  The  agitation  of  the  water  in  a  storm  is 
nged  to  a  great  distance  beyond  the  area  of  the  original  disturbance, 
Jben  takes  the  form  of  the  long  heaving  undulations  termed  ground- 
.    Waves  which  break  upon  the  land  are  called  breakers,  and  the 

name  is  applied  to  the  ground-swell  as  it  bursts  into  foam  and 
r  upon  the  rocks.  The  concussion  of  earth<iuakos  sometimes  gives 
OTeiy  disastrous  ocean- waves  (pp.  251,  257). 

be  height  and  force  of  waves  depend  upon  the  strength  and  con  - 
nee  of  the  wind,  the  breadth  and  depth  of  sea,  and  tlie  fi)riii  and 
d«ih  ••i"  tlie  ooast-Iino.     The  longer  the  "fetch,'*  and  the  d'-eptr  tlie 

VkB  ttndent  may  ooiuiilt  Matny's  *  Physical  Geography  of  the  St-a/  but  inon>  j-ar- 
ArDr.  Chirpenter't  papers  in  the  l*T(tcetdiiici9  of  ih*  Royal  Soci'dj  for  If^fj'.*  7o,  aii«l 
Uiifihe  Rnyd  Qtigmj^hal  Soeitly  for  18/1  77,  on  the  side  of  temjAraturi. :  nnd 
haTi  'Thyticil  Geogn^bj/  and  Croll's  *  Climate  aud  Time,'  on  the  hide  of  the 
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water,  the  liifrlier  the  waycB.     A  coast  directly  faciiiji;  the  prevalent  "s^ind 
will  have  larger  waves  than  a  neighl>ouriiig  shore  which  presents  itself  «i 
an  angle  to  the  wind  or  bonds  ronnd  ho  as  to  form  a  leo-shoro.      Tlie 
highest  waves  in  the  narrow  British  seas  probably  never  exceed  15    cjr 
20  feet,  and  usually  fall  short  of  that  amount.     The  greatest  hejg-»3* 
ob8or\'ed  by  Scorosby  among  the  Atlantic  waves  was  43  feet.* 

Ground-swell  propagated  across  a  broad  and  deep  ocean  prodnoeB 
far  the  most  imi)06ing  breakers.     So  long  as  the  water  remains  deep 
no  wind  blows,  the  only  trace  of  the  jwissing  groundnawell  on  the  ope^ 
sea  is  the  huge  broad  heaving  of  the  surface.     But  where  the 
shallows,  the  superficial  part  of  the  swell,  travelling  faster  than 
lower,  which  encounters  the  friction  of  the  bottom,  begins  to  curl  an- 
crest  as  a  huge  billow  or  wall  of  water,  that  finally  bursts  against  th    — ® 
shore.     Such  billows,  even  when  no  wind  is  blowing,  often  cover  th 
cliffs  of  the  north  of  Scotland  with  sheets  of  water  and  foam  up 
heights  of  100  or  even  nearly  200  feet.     During  north-westerly 
the  windows  of  the  Dunnet  Head  lighthouse,  at  a  height  of  upwards 
300  feet  alx)vo  liigh-watcr  mark,  are  said  to  be  sometimes  broken  b^ 
stones  swept  up  the  cliffs  by  the  sheets  of  sea-water  which  then  delug 
the  building. 

A  single  roller  of  the  ground-swell  20  feet  high  falls,  acoording 
Mr.  Scott  Russell,  with  a  pressure  of  about  a  ton  on  every  square  fool 
Mr.  Thomas  Stevenson  conducted  some  years  ago  a  series  of  experimeni 
on  the  force  of  the  breakers  on  the  Atlantic  and  North  Sea  coasts 
Britidn.      The  average  force  in  summer  was  found  in  the  Atlantic 
be   Gil    lbs.   per  square   foot,  while  in  the  winter  it  was  2086  lbs., 
more  than  three  times  as  groat.     But  on  several  occasions  both  in 
Atlantic  and  North  Sea,  the  winter  breakers  wore  found  to  exert 
pressure  of  three  tons  per  square  foot,  and  at  Dunl>ar  as  much  as 
tons  and  a  half.^    Besides  the  waves  produced  by  ordinary  wind  acti( 
(tthera  of  an  extraordinary  size  and  destructive  power  are  occasionall 
oauned  by  local  atmospheric  disturbances.     Such  are  probably  the  roM 
maree  of  the  French  coast,  which  occasionally  rise  to  a  height  of  sovei 
feet,  and,  where  the  shores  converge  inland,  do  considerable 
Still  more  serious  are  the  effects  of  a  violent  cyclone-storm.     The  m< 
diminution  of  atmospheric  pressure  in  a  cyclone  must  tend  to  raise 
level  of  the  ocean  within  the  cyclone  limits.     But  the  further 
spiral  in-rushing  of  the  air  towards  the  centre  of  the  low-pressure 
drives  the  sea  onward,  and  gives  rise  to  a  wave  or  succession  of  wai 
having  great  destructive  jwwor.    Thus,  on  October  6th,  1864,  daring 
great  cyclone  which  passed  over  C-alcutta,  the  sea  rose  in  some 
24  feet,  and  swept  everything  before  it  with  irresistible  force, 
upwards  of  48,000  people. 

Besides  tlio  height  and   force  of  waves  it  is  important  to  kn< 

^  lirit  At9or.  Rep,  1850,  p.  26.    A  table  of  tbo  obeervod  heights  of  wavet  roi 
Great  Brittiin  is  given  in  Mr.  T.  Stcvonson^s  trentiso  on  '  Horbounv  p*  20. 

»  T.  Stevenson,  Tran$,  Soy,  Soc,  Edin,  xvl.  p.  25 ;  treatise  on  •  Harbours,'  p.  42. 
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the  depth  to  which  the  sea  is  affected  by  such  superiicial  movements. 
Sir  G.  Airy  states  that  ground-swell  may  break  in  100  fathoms 
iw'ater.^  It  is  common  to  find  1)oulders  and  shingle  disturbed  at  a 
depth  of  10  fathoms,  and  even  driven  from  that  depth  to  the  shore, 
and  waves  may  be  noticed  to  become  muddy  from  the  working-up  of  the 
silt  at  the  bottom  when  they  have  reached  water  of  7  or  8  fathoms  in 
depth.^  It  is  stated  by  Delesse  that  engineering  operations  have  shown 
that  submarine  constructions  are  scarcely  disturbed  at  a  greater  depth 
than  5  metres  (16*4  feet)  in  the  Mediterranean  and  8  metres  (26*24  feet) 
ia  the  Atlantic.^  In  the  Bay  of  Gascony,  it  has  been  ascertained  that  the 
depth  at  which  the  sea  breaks  and  is  effective  in  the  transport  of  sand 
along  the  bottom,  varies  from  scarcely  3  metres  in  ordinary  weather 
\u  S  metres  in  stormy  weather,  and  only  exceeds  10  metres  (32*8  feet) 
in.  great  hurricanes.  ,  According  to  Commander  Cialdi,  the  movement  of 
ir&ves  may  disturb  fine  sand  on  the  bottom  at  a  depth  of  40  metres  (131 
feet)  in  the  English  Channel,  50  metres  (164  feet)  in  the  Mediterranean, 
&ncl  200  metres  (656  feet)  in  the  ocean.*  Off  the  Florida  coast  the  dis- 
tu.x*bing  action  of  the  waves  is  believed  to  cease  below  100  fathoms.^ 

(4.)  leeonike  Sea.  — In  this  place  may  be  most  conveniently  noticed 
tlxe  origin  and  movements  of  the  ice  which  in  circumpolar  latitudes 
co^verg  the  sea.  This  ice  is  derived  from  two  sources — a,  the  freezing  of 
ihLe  sea  itself,  and  fi,  the  seaward  prolongation  of  land-ice.^ 

a.  Three    chief   types  of  sea-ice  have  been  observed,    (a)  In  the 

A^^^tic  sounds  and  bays,  the  littoral  waters  freeze  along  the  shores,  and 

form  a  cake  of  ice  which,  upborne  by  the  tide  and  adhering  to  the  land, 

^®  tliickened  by  successive  additions  below,  as  w(?ll  as  by  snow  above, 

"»itil  it  forms  a  shelf  of  ice  120  to  130  feet  broad,  and  20  to  30  feet  liigh. 

^his  shelf,  known  as  the  Ice-foot,  serves  as  a  platform  on  which  the 

^l>Undant  debris,  loosened  by  the  severe  frosts  of  an  Arctic  winter,  gathers 

^*  the  foot  of  the  cliffs.     It  is  more  or  less  completely  broken  up  in 

^^'xniner,  but  forms  again  with  the  early  frosts  of  the  ensuing  autumn. 

t")  The  surface  of  the  open  sea  likewise  freezes  over  into  a  continuous 

^^lid  sheet,  which,  when  undisturbed,  becomes  in  the  Arctic  regions 

^lK)ut  eight  feet  tliick,  but  which  in  summer  breaks  up  into  separate 

?^^88e8,  sometimes  of  large  extent,  and  is  apt  to  be  piled  up  into  huge, 

^^Jtigalar  heaps  (Fig.  155).     This  is  what  navigators  term  Floe-ice,  and 

^'^o  separate  floating  cakes  are  known  an  floes.     Ships  fixed  among  these 

^^H38  have  been  drifted  witli  the  ice  for  hundreds  of  miles,  until  at  last 

^t^exated  by  its  disruption,    (c)  In  the  Bait  ic  Sea,  off  the  coast  of  Labrador 

^^cl  elsewhere,  ice  has  been  observed  to  form  on  the  sea-bottom.     It  is 

^^own  as  Ground-ice  or  Anchor-ice.^     In  the  Labrador  fishing-grounds, 

S        ^   Encydopedia  MdropoliUina,  art.  *•  Waves.**    Gentle  movement  of  the  bottom  water 
f  ^a.id  to  be  sometimes  indicated  by  ripple-marks  on  the  fine  sand  of  the  sea-floor  at  a 
**^l*tli  of  600  feet.  *  T.  Stevengon'd  *  Harbours,'  p.  15. 

*  *  Uthologie  des  Mers  de  France  *  (1872),  p.  110. 

*  Quoted  by  Delesse,  op,  eit.  p.  111.  *  A.  Agussiz,  Amer,  Acad.  xii.  (1882),  p.  108. 
^  •  Consult  on  IJie  whole  of  tms  subject  K.  Weyprecht's  *  Die  Metamorphosen  dcs 
*  ^Itkroiscf,'  Vienna,  1870 ;  Payer's  *  New  Lands  within  the  Arctic  Circle,*  1870,  cluip.  i. 

'  See  H.  Y.  Hind,  Canadian  NaturalhU  viii.  (1878),  pp.  227,  202. 
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it  fonuB  oven  at  oongideTable  depths.    Seals  caught  tn  iba  lioM  Kt 
depths  are  Boid  to  be  brought  up  sometimes  solidly  &OEea. 


-Diiruptsdlliw-lmgfArcUeSB 


/3.  In  the  Arctic  regions,  vast  glaoiors  drain  the  snow-fieldt 
descending  to  the  sea,  extend  for  some  distance  from  shore  imti] 


i'^Vi, 


Th<  glAcltr  (d,  k)  dMMuU 
BnrfUe,  piuLInc  on  dKi 
lloTertbrH-boUuiiii 


iHon  Dl  iMbfi^f  <.B ) 


fragments  break  off  and  float  away  seawards.  These  detaohed  : 
are  Icebergs.  Their  shape  and  size  greatly  vary,  bnt  lofty  peaked 
are  common,  and  they  sometimee  rise  from  200  to  300  feet  abo- 
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lerel  of  the  eea.  As  tlie  part  tlint  appears  alwvo  water  is  only  alxiut 
"Hfrnlntli  of  tho  whole  maSB  of  ioc,  these  larger  Ixirgn  may  HoinctimOR  1)0 
fttm  IBOO  to  2700  feet  tliiok  from  luiae  to  top,  though  tho Biihmarine  part 
'ilQie  ice  may  bo  as  irregular  in  form  and  thicknesB  aa  tho  portion  above 
*lter.^    looborgs  of  tho  largest  eizo  conseiiuently  roquiro  water  of  some 


^Bpth  to  float  thom,  Irat  arc  eometimoEi  Rccn  aground.  In  tho  Antarctic 
^^ona,  whero  one  vast  sheet  of  ioo  oiivcloi>08  Iho  laml  ami  protnidoa 
wto  tlic  Hca  08  a  long,  lofty  rampart  of  ice,  the  detached  icebergs  often 
^tac]x  a  gri'at  nize,  and  are  characterised  I>y  tho  frcfiuency  of  a  flat 
tabular  form  (Fig.  158). 


Fl|.  IH<-Tibii 


Geological  Work.— (1.)  Influence  on  Cliniul 
!goncie«  ia  nature  fur  distributing  tcmpcrnturi',  lli'-ic 
ir  and  uniform  diminntiou  in  the  mean  annual  lj'iii]->  rn 
'.■  jiolflB,  ttnd  tho  italherJttal  linos,  or  linos  uf  irjiml  l-- 
iritli  linw  of  latitude.  Bnt  no  mioh  gi^n.nul  •■ 
\iKta.  A  ohart  of  tho  glolie,  with  tint  IshiIj'  r: 
Blion  sfloalieTgi,  we  Choi.  Mag.  (2nd  *cc.),  iii.  r'.  S*!^.  '."- 
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across  it,  shows  that  their  divergences  from  tho  parallels  are  striking, 
and  most  so  where  they  appi-oach  and  cross  the  ocean.  Currents  from 
warm  regions  raise  tho  temperature  of  tho  tracts  into  which  they  flow ; 
those  from  cold  regions  lower  it.  The  ocean,  in  short,  is  the  great 
distributor  of  temperature  over  the  globe. 

As  an  illustration,  the  two  opposite  sides  of  the  North  Atlantic  may  be  taken.  Tho 
cold  Arctic  current  flowing  southward  along  the  north-east  coast  of  America,  reduces  the 
moan  annual  temperature  of  that  region.  On  the  other  hand,  the  Gulf  Stream  bring!  to 
the  shores  of  the  north-west  of  Europe  a  temperature  much  aboye  what  they  would 
otherwise  enjoy.  Dublin  and  tho  south-eastern  headlands  of  Labrador  lie  on  the  same 
parallel  of  latitude,  yet  diiTer  as  much  as  ISP  in  their  mean  annual  temperature,  that  of 
Dublin  being  50^,  and  that  of  Labrador  S2P  Fahr.  Dr.  Groll  has  calculated  that  the 
Gulf  Stream  conveys  nearly  half  os  much  heat  from  tho  tropics  as  is  leoeived  from  tho 
sun  by  tho  entire  Arctic  regions.* 

(2.)  Erosion.  A.  GhemkaL— The  chemical  action  of  the  sea  upon 
tho  rocks  of  its  bed  and  shores  has  not  yet  been  properly  stadied**  It 
is  evident,  however,  that  changes  analogous  to  those  effected  by  fresh 
water  on  the  land  must  be  in  progress.  Oxidation,  solution,  and  the 
formation  of  carbonates,  no  doubt  continually  take  place. 

Wo  may  judge,  indeed,  of  the  nature  and  rapidity  of  some  of  these  changes  by 
watching  the  decay  of  stones  and  material  employed  in  the  construction  of  piers. 
Mr.  Mullet— as  the  result  of  experiments  with  specimens  sunk  in  the  sea — concluded 
that  from  ^  to  {^  of  an  inch  in  depth  in  iron  castings  1  inch  thick,  and  about  ^  of  an 
inch  of  wrought  iron,  will  be  destroyed  in  a  century  in  clear  salt  water.  Mr.  Btevemon* 
in  referring  to  these  experiments,  remarks  that  at  the  Bell  Rock  lighthouse,  twcntj-fim 
different  kinds  and  combinations  of  iron  were  exposed  to  the  action  of  tlie  sea,  and  all 
yielded  to  corrosion.  In  some  of  these  castings,  tlie  loss  has  been  at  the  rate  uf  an  inch 
in  a  century.  ^  One  of  the  bars  which  was  tree  from  air-holes  had  its  specific  gravifji 
reduced  to  5*63,  and  its  transverse  strength  from  7409  lb.  to  4797  lb.,  and  yet  prewntoc 
no  external  appearance  of  decay.  Another  apparently  sound  specimen  was  reduoed  iij 
strengtli  from  40G8  lb.  to  2352  lb.,  having  lost  nearly  half  its  strength  in  fifty  yean.*" 
Similar  results  were  observed  by  Mr.  Grothe,  resident  engineer  at  the  construction  of  th» 
ill-fated  railway  bridge  across  the  Firth  of  Tay.  A  cast-iron  cylinder  (such  as  wa« 
employed  in  constructing  the  concrete  basements  for  the  piers),  which  had  been  belo« 
water  for  only  sixteen  months,  was  found  to  be  so  corroded  that  a  penknife  could  Ih 
Btuck  through  it  in  many  places.  An  examination  of  the  shore  will  sometimes  rsfcal 
good  deal  of  quiet  chemical  change  on  the  outer  crust  of  wave-washed  rooks.  Basalt,  fc 
instance,  has  its  felspar  decomposed,  and  shows  the  presence  of  carbonates  by  efierreKiD  : 
briskly  with  acid.  The  augite  is  occasionally  replaced  by  ferrous  carbonate.  Thfl 
solvent  action  of  sea-water  on  calcareous  organisms  is  referred  to  on  pp.  36, 455. 

B.  Mechaniccd. — It  is  mainly  by  its  mechanical  action  that  the  se^ 
accomplishes  its  erosive  work.  This  can  only  take  place  where  th- 
water  is  in  motion,  and,  other  things  being  equal,  is  greatest  wher" 
tho  motion  is  strongest.  Hence  we  cannot  suppose  that  erosion  to  an^ 
appreciable  extent  can  be  efifected  in  the  abysses  of  the  sea,  where  th- 

^  See  a  series  of  papers  by  him  on  the  **Gulf  Stream  and  Ocean  Ourrenta**  in  Getm 
Mag.  and  Phil  Mag.  for  18G9, 1870-74,  and  his  work  '  Climate  and  Time;'  likewise 
scries  of  controversial  papers  on  this  subject  by  him  and  Prof.  Newcombe,  PkU.  Ma^ 
1883-4.  Prof,  llaughton  has  offered  some  calculations  of  the  actual  amount  of  influenc 
exercised  by  ocean  currents  upon  climate,  and  of  the  effect  of  a  current  between  it" 
Indian  and  Arctic  Oceans  across  Mesopotamia  and  the  Aralo-Caspian  depreasion.  Brm 
Assoc.  1881,  Reports,  p.  451-463.      «  See  Bischofs  *  Chemical  Geology,'  vol.  i.  chap.  T^ 

'  T.  Stevenson  on  *  Harbours,*  p.  47. 
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only  motion  possible  is  tho  slow  creeping  of  the  polar  water.  Bnt  where 
tlxe  carrents  are  powerful  enough  to  move  grains  of  sand  and  gravel,  a 
sloir  erosion  may  take  place  even  at  considerable  deptlis.  It  is  in  the 
Tipjer  portions  of  the  sea,  however, — the  region  of  currents,  tides,  and 
"wrcfcves, — that  mechanical  erosion  is  cliiefly  i^erfonued.  The  depth  to 
'^wbich  tho  influence  of  waves  and  ground-swell  may  extend  seems  to 
v^iy  greatly  aooording  to  the  situation  {ante,  p.  407).  A  good  test  for 
the  absence  of  serious  abrasion  is  furnished  by  the  presence  of  fine  mud 
on.  the  bottouL  Wherever  that  is  found,  we  may  be  tolerably  sure  that 
"Xe  bottom  at  that  place  lies  beyond  the  reach  of  ordinary  breaker-action.^ 
™irom  the  superior  limit  of  the  accumulation  of  mud  up  to  high-water 
tt^ark,  and  in  exposed  places  up  to  100  feet  or  more  above  high-water 
'^^^rk,  lies  the  zone  within  which  the  sea  does  its  work  of  abrasion.  To 
tHig  zone,  even  where  the  breakers  are  heaviest,  a  greater  extreme 
^OTtical  range  can  hardly  be  assigned  than  300  feet,  and  in  most  cases 
*^  probably  falls  far  short  of  that  extent. 

The  mechanical  work  of  erosion  by  the  sea  is  done  in  four  ways. 
a.  The  enormous  force  of  the  breakers  suffices  to  tcjir  off 
^agments  of  the  solid  rocks. 

Almndant  ezamplee  are  famished  by  tho  precipitous  shores  of  Caithness,  and  of  tho 

^-^'kiiey  and  Shetland  Islands.    It  sometimes  happens  that  demonstration  of  the  height 

*^  Which  the  e£Eecti?e  force  of  breakers  may  reach  is  furnished  at  lighthouses  built  on 

^^Poaed  parts  of  tho  coast.    Thus,  at  Uost,  the  most  northerly  point  of  Shetland,  walls 

**'^te  overthrown  and  a  door  was  broken  open  at  a  height  of  196  feet  above  the  sea.    At 

*®  fiishop  Book  lighthouse,  on  the  west  of  England,  a  bell  weighing  3  cwt.  was 

^"•■^nched  off  at  a  level  of  100   feet   above  high-water  mark.^     Some  of  the  most 

J^*>*ariDable  instances  of  the  power  of  breakers  have  been  observed  by  Mr.  Stevenson 

g  the  islands  of  tho  Shetland  group.    On  the  Bound  Skerry  he  found  that  blocks 

'Ock,  up  to  9}  tons  in  weight,  had  been  washed  together  at  a  height  of  nearly  60  feet 

Ve  tho  sea ;  that  blocks  weighing  from  6  to  13}  tons  had  been  actually  quarried  out 

Uieir  original  bed,  at  a  height  of  from  70  to  75  feet ;  and  that  a  block  of  nearly 

^Hfl  lifld  been  driven  before  the  waves,  at  the  level  of  20  feet  above  the  sea,  over  very 

^^^%h  ground,  to  a  distance  of  73  feet    lie  likewise  records  the  moving  of  a  r>0-ton 

*^^'k  by  the  waves  at  Barrahead,  in  the  Hebrides.'     At  Plymouth,  also,  blocks  of 

^^^<?ral  tous  in  weight  have  been  known  to  be  washed  about  the  breakwater  like 

^^bbles.* 

*  T.  Stevenson  on  *  Harbours,'  p.  15. 
^        *  T.  Stevenson,  op.  cit,  p.  31.    D.  A.  Stevenson,  Min.  Proc,  Inst.  CtP,  Engin,  xlvi. 
V-tSTeX  p.  7.  *  T.  Stevenson,  op.  cit.  pp.  21-37. 

^  The  student  will  bear  in  mind  that  the  relative  weight  of  Ixxlies  is  greatly  reduced 
TJ**Oii  in  water,  and  still  more  in  sea-water.  The  following  examples  will  illustrate 
^**i^  fact  (T.  Stevenson's  •  Harbours,'  p.  107)  :— 


Spociflc 
Gra\ity. 

2-99 
2-71 
2-41 
1-54 

Xo.  of  cubic  fcftt  to  a 
ton  ill  air. 

No.  of  fpot  to  a  ton  in 

sea- water  of  ppociiic 

gravity  1'02X. 

Basalt 

Bed  granite      .     .     . 
Sandstone  .... 
Cannel  Coal     .     .     . 

11-9 

i:j-2 

14-8 
23-3 

18-26 
21-30 
26-00 
70-00 
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p,  Tho  alternate  comproBsion  and  expansion  of  air    --^ 
crevices  of  rocks  exposed  to  liea\'y  breakers  dislocates  large  masses     , 
stone,  even  ab<:>ve  the  direct  reach  of  the  waves.     It  is  a  fact  familiar     ^ 
engineers  that,  even  from  a  vertical  and  apiMirently  perfectly  solid  w-^ 
of  well-built  masonry  exposed  to  heavy  seas,  stones  will  sometimea  ^ 
started  out  of  their  places,  and  that  wlien  this  liappensy  a  rapid  enlarge- 
ment of  tlie  cavity  may  bo  effected,  as  if  the  walls  were  breached  by  « 
severe  l)ombardmcnt.     At  the  Eddystone  lighthouse,  daring  a  storm  m 
1840,  a  door  whicli  had  been  securely  fastened  against  tho  force  of  tie 
surf  from  without,  was  actually  driven  outward  by  a  pressure  acting 
from  within  the  tower,  in  spite  of  the  strong  bolts  and  hinges,  which 
were  broken.     We  may  infer  that,  by  tlie  sudden  sinking  of  a  mafls  of 
water  hurled  against  the  building,  a  partial  vacuum  was  fonned,  and 
that  the  air  inside  forced  out  the  door  in  its  efforts  to  restore  the  eqnili- 
brium.^     This  explanation  may  partly  aceouut  for  the  way  in  which  the 
stones  arc  started  from  their  places  in  a  solidly  built  sea-waU.   But 
iKJsidcs  this  cause,  we  must  also  consider  a  i)erhai)s  still  more  effective  one 
in  tho  condensation  of  tho  air  driven  Ixifore  the  wave  between  the  joints 
and  crevices  of  the  stones,  and  its  subsequent  instantaneous  expansion 
when  the  wave  drops.     During  gales,  when  large  waves  are  driven  to 
shore,  many  tons  of  water  are  i>oured  suddenly  into  a  cleft  or  cavern. 
These  volumes  of  water,  as  they  rush  in,  compress  the  air  into  everj' joint 
and  pore  of  tlic  rock  at  the  further  end,  and  then,  quickly  retiring,  exert 
such  a  suction  as  from  time  to  time  to  bring  down  part  of  the  walls 
or  roof.     The  sea  may  thus  gradually  form  an  inland  passage  for  itself 
to  tlio  surftico  alx)ve,  in  a  *'  blow-hole,"  or  **  puffing  hole,"  through  which 
spouts  of  foam  and  spray  are  in  storms  shot  high  into  the  air. 

Oq  the  more  exposed  portions  of  tho  west  coast  of  Ireland  and  on  tlie  north  coast  of 
Cornwall,  numerous  examples  of  such  blow-holos  occur.  In  Scotland,  likewise,  tl»eT 
may  often  bo  observed,  as  in  the  Bullers  (boilers)  of  Bucban  on  the  coast  of  Aberdeen- 
shire, and  the  Geary  Pot  near  Arbroath.  Magnificent  instances  occur  among  the  Orkney 
and  Shetland  Islands,  some  of  the  more  shattered  rocks  of  these  northern  coosts  being,  ^ 
it  were,  honey-combed  by  eea-tunnels,  many  of  which  open  up  into  tho  middle  of  fiel^ 
or  moors. 

y.  The  hydraulic  pressure  of  those  portions  of  large  waves 
that  outer  fissures  and  passages  tends  to  force  asunder  masses  of  rook. 
1'lie  sea-water  which,  as  part  of  an  inrushing  wave,  fills  the  gullies  and 
cliinks  of  the  shore-rocks,  exei-ts  the  siime  pressure  upon  the  w*alls  between 
which  it  is  confined  as  the  rest  of  the  wave  is  doing  upon  the  faw  of  tlfi 
cliff.  Each  cleft  so  circumstanced  becomes  a  kind  of  hydraulic  press,  the 
potency  of  which  is  to  be  measured  by  the  force  with  which  tlie  waves 
fall  upon  the  rocks  outside— a  force  which  often  amounts  to  three  tons 
on  the  square  foot.  There  can  be  little  doul.>t  that  by  tliis  means 
considerable  pieces  of  a  cliff  are  from  time  to  time  dishKlged. 

K  The  waves  make  use  of  the  loose  detritus  within  their reaeh 
to  break  down  cliffs  expose*!  to  their  fury.  Probably  by  far  tho  largest 
amount  of  erosion  is  thus  accomplished.  Tho  blows  dealt  against  shoic- 
»  Walker,  Ppoc,  luff.  Cic,  Engin.  i.  p.  15;  Stoyenson'fl  'llttrbours,*  p.  10. 
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1^  banlders,  gravel,  and  eand  swung  forward  by  breakers,  wero 
r  oomparod  1^  l^yfair  to  a  kind  of  artillery.'  During  a  storm  upon 
ugly  ooaet  we  may  hear,  at  a  distance  of  eoveral  miles,  the  grind  of 
(tones  upon  each  otlier,  as  tboy  arc  dragged  back  by  the  recoil  of  the 
»  whioh  had  launched  them  forward.^  In  thia  tear  and  wear,  the 
1  stones  are  groosd  smaller,  and  acquire  the  smooth  round  form  so 
acteristic  of  a  surf-beaten  beach.  At  the  same  time,  they  bruise  and 
r  down  clifis  against  which  thoy  are  driven.  A  rock  much  jointed, 
om  any  cause  presenting  less  resistance  to  attack,  is  excavated  into 
les,  creeks,  and  caves  ;  its  harder  part-s  standing  out  as  promontories 
pierced;  gradually  a  series  of  detached  buttresses  and  sea-atacks 
arsas  the  cUlf  recedes,  aud  these  in  turn  are  wasted  uutil  they  become 
1  skerries  and  snnken  surf-beaten  reefs  (Fig.  169).  The  surface  of 
beach  is  likewise  ground  down.  The  reality  of  tliis  erosion  and 
Mjnent  lowering  of  level  is  somotimea  instructively  displayed  where 


Fig.  ISO.— Cout  ot  CuraniU,  ai 

ok  of  harder  rock  serves  for  a  time  ifi  protect  the  jKirtion  of  rocky 
1  lying  beneatli  it.  Tho  block  by  degrees  comes  to  rest  on  a  growing 
ital,  which  is  eventually  cut  round  by  the  waves,  until  tlie  overlying 
,  losing  its  support,  rolls  down  upon  the  beach,  the  same  process  is 
TCd,  and  the  boulder  continually  diminisbcs  in  size  {Fig.  ItiO). 
'  the  progrees  of  marine  erosion,  tljo  more  eipoecil  porta  of  (ho  Btitinh  coast* 
unUi  many  adniiralile  einioplca.  Tlio  geii-bottrd  of  Uoniwall  preaoiits  a  moBt 
Mrire  ntn;^  of  cliffn,  atn-Btacks,  citvcs,  gullioB,  tunneU,  reefu  tuid  akiTriea,  Hhowiug 
•tage  iu  the  procits  of  demoUtion  (Fig.  159).  Thu  wcat  coast  of  Ireland,  cz|>09ed 
toil  swell  of  tho  Atlantic,  is  in  ioDumerable  localities  cuiujilctoly  uudunnincd  bj 
a,  into  which  the  soa  enters  from  botli  sides.    The  procipitons  coasts  of  Bkyo, 

DlattnlionB  of  tho  Hnttonian  Tlicnry,'  sec.  !)7. 

IWa  Kimphic  uoccunt  of  tho  htavy  ruU  of  tliu  boutdurs  and  thnudcrin;;  of  tho 
1  M  M*m  in  a  mine  under  tho  sea  during  u  atortn,  sou  J.  W.  Hunwuod,  Trant. 
OtA  Am.  Coruwall,  j.  p.  11. 
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SatherUnd,  CoitliaoM,  Aberdeen,  Kiacaidioo,  and  Forfar  abou 

preudvo  leaaom   of   tho  waste    of  a  rochy  Bea-murgiii ;   while  the  s 

IbiitiiKB  are  prolonged  into  tho  Orkney  nnj  Shetland  Talands,  the  n    _ 

of  Hoy  towering  pa  »  Toat  wall  aome  1200  feet  sboTc  tlie  Atlantic  braakeni  w1 

uro  tnnoclling  nnd  fkctting  theit  base. 

If  mch  ia  the  piogrera  of  waste  where  the  matcriala  ooniist  of  the  moat  i 
Tooka,  wo  ma;  expect  to  meet  with  alill  more  impreaaiTe  proofs  of  decmf  wbera 
eoiut-lmo  can  oppoao  only  aolt  saud  or  rk;  to  Uto  march  of  the  brcakcis.  Again, 
geological  etudont  in  Otitoin  can  examine  for  himself  louny  illoktratioDS  of  this  Ud 
dcstmotiuQ  around  tho  ahoita  of  thcau  Ljlanda.  Witliia  the  kat  fow  huadrod  yean  el 
IHirioIiCB,  with  Iheir  fiinna  aud  villn};i's,  have  been  wa^liod  away,  aad  tho  tide  now  i 
end  llnwa  over  diutriets  which  in  old  limea  woro  cultivated  fiohla  and  cheerful  haia 
The  coDst  of  Yorkshire  between  FlainborongU  Head  and  the  nioalli  of  tlie  HntDber, 
also  that  botwetii  the  Waah  and  tho  mouth  of  tho  Thames,  suffer  at  a  apeoiaUj  n 
rate,  for  tho  clifla  !□  these  pnrla  consist  in  gnmt  mcnsuru  of  soft  clay.  In  bodki  pli 
bolwecu  Bpum  Point  and  Flamboroiigli  Head  this  loas  id  sud  to  unonnt  to  flve  jt 


Other  parts  of  the  Rnropcan  sea-board  likowlao  funiisU  inetruotivo  leesona  m 
■he  progress  of  muino  eroaioD.  The  destruction  of  Heligoland,  in  the  North  Be*, 
been  continnons  for  centaries,  the  stages  in  the  disappearance  of  this  iaiand  be 
easily  fullowcd  on  the  charts  of  succcsBtTe  periods.'  Even  tho  hard  orysfailline  rodl 
Bcandinavia  are  unable  wholly  to  withstand  tho  assaults  of  tho  Atlantic  breokcn.' 
While  iiiTcetigatiiig  the  progrcBS  of  wasto  aloog  a  coast-liae, 
geologist  hag  to  consider  the  varying  powers  of  resistanoe  poesessed 
rocks,  and  tho  extent  to  which  tho  action  of  the  waves  is  assisted 
that  of  tlie  subaerial  agents.  Itocks  of  littlo  tenacity,  and  reat 
susceptible  of  disintegration,  ohvionBly  prcBcnt  least  resistance  to 

'  It.  Pickwell,  Proe.  Insl.  Cir.  Knniti.  li.  p.  U)I.  On  tho  wasto  of  the  coast  beti 
the  Thames  and  Wash,  see  J.  B.  Uedmnn,  op.  cit.  xtiji.  (1S64),  p.  18S ;  0.  Held,  ( 
Jtfoi/.  2nd  dec  iv,  p.  !?'■ 
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advance  of  the  waves.    A  clay,  for  example,  is  readily  eaten  away. 

If,  however,  it  should  contain  numerous  hard  nodules  or  imbedded 

boulders,  these,  as  they  drop  out,  may  accumulate  in  front  beneath  the 

cliff,  and  servo  as  a  partial  breakwater  against  the  waves  (Fig.  161). 

Oa  the  other  hand,  a  hard  band  or  boss  of  rock  may  ^vitll8tand  the 

de«traction  which  overtakes  the  softer  or  more  jointed  surrounding 

portions,  and  may  consequently  be  left  projecting  into  the  sea,  as  a  line 

of  headland  or  promontory,  or  rising  as  an  isolated  stack  (Fig.  159). 

But,  besides  mere  hardness  or  softness,  the  geological  structure  of  the 

rocks  powerfully  influences  the  nature  and  rate  of  the  encroachment  of 

^e  Hoa.     Where,  owing  to  the  inclination  of  bedding,  joints,  or  other 

divisional  planes,  sheets  of  rock  slope  down  into  the  water,  they  serve 

*«  a  kind  of  natural  breakwater,  xip  and,  down  which  the  surges  rise  and 

Tall  during  calms,  or  rush  in  crested  billows  during  gales,  the  abrasion 

l>oing  here  reduced  to  the  smallest  proportions.     In  no  part  of  the 

^^^gradation  of  the  land  can  the  dominant  influence  of  rock-structure  be 

^*ioro  oonspicuouslj  observed    and    instructively  studied    than  along 

'^^^^rine  cliffs.    Where  the  lines  of  precipice  are  abrupt,  with  mimerous 


Tig.  161. — ClifEi  of  cUy  full  of  Bcpt&rian  nudules,  the  accumulatiua  of  which  6crvo8  to  arrest  iho 

progrew  of  the  waves. 

t^^^^'^jecting  and   retiring  vertical   walls,  it   will   almost   invariably  be 
.  ^^"^lid  that  these  perpendicxilar  faces  have  been  cut  open  along  lines  of 
^^^*  "t^ixsecting  joint.     The  existence  of  such  lines  of  division  permits  a 
p  or  vertical  front  to  be  presented  by  the  land  to  the  sea,  because,  as 
after  slice  is  removed,  each  freshly  bared  surface  is  still  defined  by 
^^^  Joint-plane.     (See  p.  486.) 

During  the  study  of  any  rocky   coast   where   these   features  are 

^^^Ixibited,  the  obseri^er  will  soon  i)erceive  that  the  encroachment  of  the 

**Oa  npon  the  land  is  not  due  merely  to  the  action  of  the  waves,  but  that, 

^"voxi  on  shores  where  the  gales  are  fiercest  and  the  breakers   most 

^'igorous,  the  demolition  of  the  cliffs  depends  mainly  upon  the  sapping 

^Tiflnence  of  rain,  springs,  frosts,  and  general  atmospheric  disintegraticm. 

T^i\    Fig.  162,  for  example,  which   gives   a  view  of  a  portion  of  the 

Tvorthem  Caithness  coast,  exposed  to  the  full  fury  of  the  gales  and  rapid 

i  tidal  currents  which  rush   from   the  Atlantic   through  the  Pentland 

%  Yirth,  we  see  at  once  that  though  the  base  of  the  cliff  is  scooped  out  by 

A  the  restless  surge  into  long  twilight  caves,  nevertheless  iho  recession  of 

\  ^o  precipice  is  caused  by  the  wedging  off  of  slice  after  slice,  along  lines 


416 


DYNAMICAL   GEOLOOT.  [Book  IIL  Pabt  1L 


of  vertical  joint,  anit  tliat  thia  process  begins  at  the  top,  where  the 
sabaorlal  forces  and  not  the  waves  are  the  sculptors.  Undonbtedly  the 
sea  plays  its  part  hy  removing  the  materials  dislodged,  and  preventing 
them  from   accumulating   against    and    ptoteoting  tiio    face    of   the 


FIfr  igi^VcrUot  Mk-cll 


»  ot  Sigthiiir.  attt . 


precipice.    But  were  it  not  for  the  potent  influcnto  of  Huboeriul  ^-~^^ 
tho  progress  of  tho  eea  would  be  comparatively  feeble.    The  **J; 


blocks  of  stone  which  give  the  i 


i  BO  much  of  their  cffi( 


aiiradmg  agents,  are  m  great  measure  lunusHod  to  fl^Q.-  ,  ^^ 

nf  tho  muteuric  agoats.     If  aca-oli&  were  jnaiuly  d^    .      , '5"  ^''^^^j^ 
^•IP-L'!!^  -r  llu>  waves,  they  onght  to  overhang  theij  Zz  ^^^  ^e*!   >  * 


I,  they  ought  to  overhang  theit  vZ  ^"^  ^"^.t  <f 
>  the  B»  Mt  (Kg.  163).    But  tlwS.*^-'^;^;^^;  to 
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T^LSt  nujority  of  cases,  sea-cliffa,  instead  of  ovcrlmnging,  slope  liackward, 
a't  a  groater  or  leas  angle,  iroiu  tho  soa  (Fij;.  150),  bIiows  tlint  the  wiuito 
from  Bnboerial  action  is  roally  greftter  than  tliat  from  tlio  iiction  of  tho 
bzr^eakcTB.^  Even  when  a  cliff  actually  ovorlmn^  lioworcr,  it  luuy  oftou 
t»o  Bhown  that  the  apparent  groat«r  recciMiou  of  itH  liasc,  ;ind  iufcrcn- 
ticklly  the  more  powerful  demi<Ung  action  of  tlie  sua,  are  doi»ptivo.  In 
¥*ig.  IM,  one  of  inntmiorable  examplcH  from  the  Old  Hcd  •JaiidHt<i)io 
clUb  of  Caithness  and  the  Orkney  and  Slictlund  InlandH,  wo  at  once 
p^'MfxitB  that  the  process  of  domolitiun  iu  prociBcIy  itimihir  to  tluit 
ikl  XTMdy  cited  in  Fig.  162.  The  cliff  recedes  by  tho  Iohs  of  successive 
■litfM  fireiQ  iia  Karfmnt,  which  are  wedged  off  not  by  tlie  waves  helow, 
bui  by  the  Buhaerial  agents  above,  along  lines  of  x>arallol  joint.     To  tho 


FIs.  iti.— Onrliugliig  clIlT,  Rroiigli  of  Kim,  OrkMT.  <liw 


^^clination  of  these  divisional  planes  at  a  high  angle  from  the  sua,  the 
l*^eoipice  owes  its  slope  towards  the  laud. 

Ice-Eronon. — Among  tho  erosive   oiieratioiiB  of  the   ifvi\,   must  Ixi 

^Holwlod  what  is  iMirformed  by  flimting  ice.     Along  tlie  nuirgin  of  An'tit: 

"■antU,  a  good  deal  of  work  is  done  by  tlio  bruken-iip  fl^-c-ii'e  and  ice-foot, 

^tli  in  abrasion  and  in  deposit.     Cakes  of  ice,  driven  lujlioro  by  storniH, 

te«.r  up  and  redistribute  the  soft  slial low- water  or  littoral  dejiusitH,  rub 

*»d  acratch  the  rocks,  and  push  gravel  .-vnd  blocks  of  rock  before  tlicm 

»»  tW  Btrand  on  the  Ixjach.     Icolwrgs  alw.,  when  they  got  aground  in 

•\<^vf  water,  must  greatly  disturb  tho  sediment  aeenninliiting  there,  and 

""*y  grind  Hfjvni  any  Btibmarine  rock  on  wliiuli  tliey  grate  an  they  aro 

Wv«n  along.     Tho  geobigical  oi)erationi*  of  floiiting  ioe  were  formerly 

'  Wliitokcr.  Gail,  ilan-  iv.  i>.  147. 
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invoked  by  geologists  to  explain  much  that  is  now  believed  to 
been  entirely  the  work  of  ice  on  land.^ 

(8.)  Transport . — By  means  of  its  currents,  the  sea  traDspor^ito 
mechanically -suspended  sediment  to  varying  distances  from  the 
The  distance  will  depend  on  the  size,  form,  and  specific  gravity  of 
sediment  on  the  one  hand,  and  on  the  velocity  and  transporting 
of  the  marine  current  on  the  other.     Babbage  estimated  that  i^ 
the  mouth  of  a  river   100  feet  deep,  suspended  limestone  mud, 
<lifferent  degrees  of  fineness,  were  discharged  into  a  sea  having 
uniform  depth  of  1000  feet  over  a  great  extent,  four  varieties  of  sil 
falling  respectively  through  10,  8,  6,  and  4  feet  of  water  per  hour,  woi 
Ix)  distributed  as  in  the  following  table  :  ^ — 


I 


No. 

Velocity  of  fall 
per  hour. 

feet. 

Nearest  distance  of 
deposit  to  river. 

Length  of  deposit. 

Greatest  dlftance 

of  deposit  from 

river. 

miles. 

miles. 

miles. 

1. 

10 

180 

20 

200 

2. 

8 

225 

25 

250 

3. 

5 

360 

40 

400 

4. 

4 

i 

450 

50 

500 

It  must  be  borne  in  mind,  however,  that  mechanical  sediment 
faster  in  salt  than  in  fresh  water.^     The  fine  mud  in  the  layer  of  riv 
water,  which  floats  for  a  time  on  the  Salter  and  heavier  sea- water, 
to  sink  more  rapidly  as  soon  as  the  two  waters  commingle. 

Near  the  land,  where  the  movements  of  the  water  are  active,  mn 
coarse  detritus  is  transported  along  shore  or  swept  farther  out  to 
A  prevalent  wind,  by  creating  a  current  in  a  given  direction,  or 
Htrong  tidal  current  setting  along  a  coast-line,  will  cause  the  shingle 
travel  coastwise,  the  stones  getting  more  and  more  rounded 
reduced  in  size  as  they  recede  from  their  source.  The  Chesil  Bank 
wliich  runs  as  a  natural  breakwater  16  miles  long,  connecting  the  Isli 
of  Portland  with  the  mainland  of  Dorsetshire,  consists  of  drifted 
shingle.*  On  the  Moray  Firth,  the  reefs  of  quartz-rock  about  Cullei 
funiish  abundance  of  shingle,  which,  urged  by  successive  easterl; 
gales,  moves  westwards  along  the  coast  for  more  than  15  miles.  Thi 
coarser  sediment  probably  seldom  goes  much  beyond  the  littoral 
It  has  been  observed  by  the  fishermen  at  Land's  End  that  their  lobster 
X)ots  are   often  filled  with  coarse   sand  and  shingle  in  depths  up 


*  For  an  account  of  tho  work  of  floating  ice  ("  pnn-icu  ")  see  H.  Y.  Hind, 
XatHralUt,  viii.  (1878)  p.  229.  «  Q.  J,  Gfol  Soc,  xlL  308. 

*  Sec  ante,  pp.  355,  371,  and  Ramsay,  Q.  J.  iieol.  Soc.  xxxii.  p.  129. 

*  On  the  Chesil  Bank,  see  J.  Cootie,  Min.  Proc.  Inst.  Civ.  Engin.  xil.  p.  520.  J. 
Redman,  op.  cit.  xi.  p.  201 ;  xxiii.  p.  226;  Nature,  xxvi.  pp.  30.  104,  150;  J.  Prostwioh, 
Min.  Proc.  Inst.  Civ.  Engin.  xl.  p.  115;  IL  W.  Bristow  and  W.  Whilakcr,  Otd.  Mag. 
vi.  (1869)  p.  433;  O.  Fialier,  op.  cit.  1874,  p.  285;  ih  H.  Kinahan,  op.  oiL  1874.  Th€ 
general  trunt^port  of  littoral  detritua  in  the  Kngliflh  Channel  is  fh)m  west  to  east;  Prof. 
Prcstwicb,  however,  thinks  that  at  tho  Chesil  Bank  this  direction  is  locally  rerened. 
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30  fathoms  dnring  heavy  grouiid-swcllH,  and  that  somo  of  the  Btoues 
"Weigh  as  much  as  one  pound.  \    From  a  depth  of  even  600  fathoms  in  the 
3(orih  Atlantic,  between  the  Faroe  Islands  and  Scotland,  small  pebbles 
cf  volcanic  and  other  rocks  are  dredged  up  which  may  have  been  carried 
lay  an  Arctic  under-current  from  the  north.     Mr.  Murray  and  Captain 
lizzard,  however,  have  bronght  up  large  blocks  of  rounded  shingle  from 
that  bank  at  a  depth  of  300  fathoms.     This  coarse  detntus  can  hardly 
l)e  dne  to  any  present  action  of  the  sea,  for  at  such  depths  the  force  of 
currents  at  the  bottom  must  be  too  feeble  to  push  along  coarse  sliingle. 
It  may  be  moraine-stuff  dating  back  to  the  ice-sheet  of  the  Glacial  Period. 
Blocks  of  stone  brought  up  from  deptlis  of  more  than  2000  fathoms  in 
tlie  Atlantic  (Lat.  49''  N.,  Long.  43°-44''  W.)  have  probably  been  dropped 
by  icebergs  from  the  north.^     Much  fine  sediment  is  carried  in  sus- 
pension by  the  sea.  for  long  distances  from  land.     The  Amazon  pours  so 
much  silt  into  the  sea  as  to  discolour  it  for  several  hundred   miles. 
After  wet  weather,  the  sea  around  the  shores  of  the  British  Islands  is 
Bometimes  made  turbid  by  the  quantity  of  mud  washed  by  rain  and 
Btreams  from  the  land.     Dr.  Carpenter  found  the  bottom-waters  of  the 
Mediterranean  to  l)e  everywhere  permeated  by  an  extremely  fine  mud, 
<lerived  no  doubt  from  the  rivers  and  shores  of  that  sea.     He  remarks 
tkt  the  characteristic  blueness  of  the  Mediterranean,  like  that  of  the 
Uke  of  Geneva,  may  be  due  to  the  diffusion  of  exceedingly  minute 
sedimentary  j)articles  through  the  water. 

The  great  oceanic  currents  are  probably  powerful  agents  in  tlie 
tansport  of  fine  detritiis  and  of  living  and  dead  organisms.  Coral- 
Htfe  appear  to  flourish  best  where  those  currents  bring  a  continuous 
and  abundant  supjdy  of  food  to  the  reef-builders.  The  reefs,  in  turn, 
famish  an  enormous  quantity  of  fine  silt,  produced  by  the  i)ouuding 
Miction  of  breakers  upon  them.  Before  the  silt  can  sink  to  the  bottom, 
it  may  be  transported  to  vast  distances.  The  lower  portion  of  the  Gulf 
{>tream,  from  its  exit  in  the  Florida  Channel  northward  ti>  (-ape 
Hatteras,  a  distance  of  700  miles,  has  l)eeii  compared  to  a  huge  muddy 
river,  carrying  its  silt  to  the  steep  slope  south  of  that  cape,  and 
lidpositiug  here  and  there  patches  of  green  sand  along  the  sides  of  its 
oourBC,  while  the  upi>er  waters  remain  i)erfectly  clear  and  of  the  deepest 
Une.  The  silt  is  partly  derived  from  the  abrasion  of  coral-reefs,  partly 
from  the  decay  of  the  abundant  pelagic  fauna  swept  onward  by  the 
cnrrent.  Professor  A.  Agassiz  has  recently  called  attention  to  the 
UQportant  part  which  the  great  oceanic  currents,  in  ancient  as  in 
niodeni  times,  may  have  played  in  the  accunuilation  of  limestones,  not 
"nly  by  transporting  calcareous  organisms,  but  by  bringing  an  a])undant 
f^  supply  and  thereby  nourishing  a  prolific  fauna  along  their  track.^ 
Daring  the  voyage  of  the  Challenger ,  from  the  abysses  of  the  Pacific 

*  J.  N.  Douglaa,  Mii^  Proc.  LuL  Cic.  Engin.  xl.  (lS7o)  p.  103. 

'  See  cfaarU  of  part  of  North  Atlantic  by  Meters.  Sioinoas,  Urothcrs  &  Co.,  Loudon, 
'^iflL  Some  qiecimenB  Bhown  to  mc  by  Mestjn).  Siemens  are  pieces  of  batuilt  which  may 
^vecooiefrooi  Gxeenlaiid.  '  Anmr.  Acad,  xi.  (1882)  p.  120. 
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Ocean,  at  remote  distances  from  land,  the  dredge  brought  up  buaheb 
rounded  pieces  of  pumice  of  all  sizes  up  to  blocks  a  foot  in  diamel 
These  fragments  were  all  evidently  water- worn,  as  if  derived  from  lai 
though  we  are  still  ignorant  of  the  extent  to  whioh  they  may  hi 
been  supplied  by  submarine  volcanic  eruptions.  Some  small  pie 
were  taken  on  the  surface  of  the  ocean  in  the  tow-net.  Bound  voloK 
islands,  and  ofif  the  coasts  of  volcanic  tracts  of  the  mainland,  the  set 
sometimes  covered  with  floating  pieces  of  water-worn  pumice  swept  < 
by  flooded  rivers.  These  fiagments  may  drift  away  for  hundreds 
even  thousands  of  miles  until,  becoming  water-logged,  they  sink  to  1 
bottom.  The  universal  distribution  of  pumice  was  one  of  the  m 
noticeable  features  in  the  dredgings  of  the  Challenger,  The  clay  whi 
is  found  on  the  bottom  of  the  ocean,  at  the  greatest  distances  from  a 
shore,  contains  only  volcanic  minerals,  and  appears. to  be  due  to  1 
tiituration  of  volcanic  detritus.  In  approaching  the  continents,  a1 
distance  of  several  hundred  miles  from  shore,  traces  of  the  minerals 
the  crystalline  rocks  of  the  land  l)egin  to  make  their  appearance.^ 

Another  not  unimportant  process  of  marine  transport  is  that  p 
formed  by  floating  ice.  Among  the  Arctic  glaciers,  moraine  stuff 
not  abundant ;  but  occasional  blocks  of  rock  and  heaps  of  earth  a 
stones  fall  from  the  cliffs  which  rise  above  the  general  waste  of  sno 
Hence,  on  the  icebergs  that  float  off  from  these  glaciers,  rock  d6bri8  m; 
sometimes  Ije  observed.  It  is  transported  southward  for  hundreds 
miles  until,  by  the  shifting  or  melting  of  the  l>ergs,  it  is  dropped  in 
deep  water.  The  floor  of  certain  portions  of  the  North  Atlantic  in  t 
pathway  of  the  bergs  may  be  plentifully  strewn  with  this  kind 
detritus.  By  means  of  the  ice-foot  also,  an  enonnous  quantity  of  ea] 
and  stones  is  every  year  bonie  away  from  the  shore  on  the  disnipl 
ice,  and  is  strewn  over  the  floor  of  the  sounds,  bays,  and  channels. 

(4.)  Eepr eduction. — The    sea,   Iniing    the  receptacle  for  1 
material  worn  away  from  the  land,  must  receive  and  store  up  in 
depths  all  that  vast  amount  of  detritus  by  the  removal  of  which  1 
level  and  contours  of  the  land  are  in  the  course  of  time  so  grea' 
changed.     The  deposits  which  take  place  within  the  area  covered 
the  sea  may  be  divided  into  two  groups — the  inorganic  and  organic, 
is  the  former  with  which  we  have  at  present  to  deal ;  the  latter  will 
discussed  with  the  other  geological  functions  of  plants  and  anim 
(see  pp.   446,  448,  aeq.^.     The  inorganic  deposits  of  the  sea-floor  i 
(i.)  chemical  and  (ii.)  mechanical. 

i.  Of  Chemical  deposits  now  forming  on  the  sea-floor  we  kn 
as  yet  very  little.  At  the  mouth  of  the  Ehone  a  crystalline  c 
careous  dej)Osit  accumulates,  in  which  the  debris  of  the  sea-floor 
enveloped.  Bischof  estimated  that  no  precipitation  of  carbonate  of  li 
could  take  place  from  sea-water  until  after  j-J  of  the  water  had  eva 
rated.^  No  deposit  of  lime  in  the  open  sea  is  possible  from  concent 
tion  of  sea-water.  But  the  calcareous  foimation  on  the  sea-bott 
.  »  Murray,  Proc,  Roy.  8oe.  Edin.  187t>-7,  p.  247.  «  *  Chem.  Geol.*  L  p.  178, 
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(q^podte  rivers  like  the  Bhoue  may  be  explained  by  supposing  tliat  as 
the  layer  of  river  water  floats  and  thins  out  over  the  surface  of  the 
sea  in  warm  weather  with  rapid  evaporation,  its  comparatively  largo 
proportion  of  carbonate  of  lime  may  be  partially  precipitated.  It 
has  been  observed  near  Nice,  as  well  as  on  the  African  coasts  and 
other  parts  of  the  Mediterranean  shores,  that  on  shore-rocks  within 
reach  of  the  water  a  hard  varnish-like  crust  is  deposited.  This  sub- 
stance consists  essentially  of  carbonate  of  lime.  As  it  extends  over 
rocks  of  the  most  various  composition,  it  is  probably  duo  to  a  deposit 
of  lime  held  in  solution  in  the  shore  sea-water,* and  rapidly  evaporated  in 
pools  or  while  bathing  the  surface  of  rocks  exposed  to  strong  sun-heat.^ 
During  the  researches  of  the  Challenger  expedition,  im^wrtant  facts 
in  the  history  of  marine  chemistry  have  been  obtained  from  the 
abysses  of  the  Atlantic  and  Pacific  oceans.  Some  of  these  are  referred 
to  on  pp.  424,  425. 

ii.  The  Mechanical  deposits  of  the  sea  may  be  grouped  into 
anhdivisions  according  as  they  are  directly  connected  with  the  waste  of 
the  land,  or  have  originated  at  great  depths  and  remote  from  land, 
when  their  source  is  not  so  obvious.^ 

A.  Landrderived  or  Terrigenous, — These  may  be  conveniently  grouped 
woording  to  their  relative  places  on  the  sea-bed. 

0.    Shore   Deposits. — The  most   conspicuous   and   familiar    are   tlie 

layers    of  gravel    and  sand  which   accumiQate    between    tide-marks. 

Asa  rule,  the  coarse  materials  are  thrown  up  about  the  upper  limit 

^'f  the  beach.     They  seem  to  remain  stationary  there ;  but  if  watched 

ttd  examined  from  time  to  time,  they  will  be  f(.)und  to  be  continually 

shifted  by  liigh  tides  and  storms,  so  that  though  the  bank  or  })ar  of 

shingle  retains  its  i)lace,  its  coiupcment  pebbles  are  being  constantly 

moved.     During  gales  coincident  with  high  tides,  coarse  gravel  may 

be  piled  up   considerably  above  the  ordinary   limit  of  the  waves  in 

the  form  of  what  are  termed  atorm-heaclies?    Below  the  limit  of  coarse 

diinglo  ui)on  the  beach,   lies  the  zone  of  fine  gravel,   and   then  that 

of  sand,   the    sediment,  though  liable   to    irregular  distribiition,   yet 

tending  to  arrange  itself  according  to  coarseness  and  specific  gravity, 

hd  rougher  and  heavier  detritus  lying  at  the  upj^er,   and  the  finer 

md  lighter  towards   the   lower  edge  of  the  shore.     The    nature   of 

lie  littoral  accumulations   on   any   given   part   of  a    coast-line    must 

lepend  either  upon  the   character  of  the   shore-rocks  which  at   that 

ocality  are  broken  up  by  the  waves,  or  upon  the  set  of  the  shore- 

mnents,  and  the  kind  of  detritus  they  bear  with  them.     Coasts  exposed 

10  heavy  surf,  especially  where  of  a  rocky  character,  are  apt  to  present 

beaches  of  coarse  shingle  ])etween  their  projecting  promontories.     Shel- 

'  BuO.  Soc,  Oeol.  France  (3),  ii.  p.  219,  iii.  p.  46,  vi.  p.  84.  See  jtotkaj  p.  456,  where 
Ifae  emponiion  in  the  coral-seas  is  referred  to. 

*  Bee  on  this  subject  an  important  memoir  by  Messrs.  Murray  and  Kenard,  Froe. 
fty.  Boe.  Edin.  1884,  and  Nature,  xxx.  (1884) ;  also  Murray,  Froc.  Hoy.  Soc.  1876 ;  Proc. 
fty.  Soe,  Edin,  ix. ;  Munray  and  Uenard,  Brit.  Assoc.  1879,  sects,  p.  340. 

•  See  Kinftbftn  on  Sea-beaches,  Froc.  Bay.  Irish.  Acad.  (2nd  iser.),  iii.  p.  101. 
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i:fi  r :  i  jrir'.-.erin'r  ir'niiii  i>r  imer  .«£<lizneiir  fMxcii  as  auui  and  mud. 
E**r:ia;-.i-s  in.i  i:ilrrj4.  infi-i  TviiiciL  rivijrs  enter,  i^inoiiiy  ahijw  wide  miiddy 
:!;ir.4  iT  ..  "▼ -Tir.-r  n.  iTI  .  E'eT?<:giTa  jC  ■yi'iniiinniDetl  AelLi.  cotwI  wndar 
;i.i  rr.':  ii.-*  r j  liii*' r^niaiim  Tiarown  ht*  >n  sshoce.  may  be  cemented  into 
V  rn.  n  -  -•  '■k  .■.7  'Lt  *:I:iTii:n  lad  r^iep^sii:  or  isirwnaw  of  lime  (p.  4o5). 
T^ /:»:r^  niiifl  "^nrrenra  ^'^eep  ali  ns  a  >xa^  yreiilrng  mm!ii  «IetritQS,  long 
V.st-i*^  r  '•rxali'  nuij  f.  rai  parnllei  wirfi  idie  :uii}t?.  0»n.  these  the  ahin^ 
ariii  «i;ir.l  :ir-  iri^rTi  'r,«wrxi^  in  the  itirection  of  the  pzeTmlent  cnnwt^ 
i:.  Ir.rr^-Liur.jral  -uid  L'*if*ptr-W%ter  Dep«^«1& — ^Theae  extotd  from 
r^'.i  ^-v  li  -V  -x^ter  nukrtc  &:  4  iepth  of  dr>metimes  as  muck  as  2i>!}0  fiithomSi 
and  r-Ai^h  ;i  -list^Jirje  fr-.m  lami  v-irvinc  Tip-  t"*  -00  miles  or  eren  more. 
\<^Hr  Ur.-I.  and  in  ci  mrarativelv  ^halLvw  wnter.  ther  coiLsiat  of  btnla 
or  «hft#it:4  of  sand,  mi. re  rai»:Iv  miTc^i  with  zra-reL  The  bottom  of  the 
N'oTth  rieo-  f.^r  example,  which  tetw^een  Britain  and  the  condnent  of 
Kar-.p^:  li^  »t:  a  drpth  never  reaohinx  I'J*J  bithoms.  is  irxegoIariT  maiked 
hj  lor.z  ridi-';«  of  Aand«  enclosing  here  and  there  hollows  where  mud  hii 
I'j'^n  ''If-prflitrd.  In  the  English  Channel.  large  banks  of  gisTel  extend 
thron^h  th--  Straita  of  iNjver  ae  far  as  the  entrance  to  the  Xorth  Sei^' 
Th'i^^;  r>:a tares  seem  tj  in«iii:ate  the  line  of  the  chief  mnd-l«aring  streiiM 
iTfi':u  the  lar.l.  and  the  general  •lispoeition  of  currents  and  eddies  in  tlie 
nea  whi^h  covers  that  region,  the  gravel  riilges  marking  the  tiactB  or 
jnno'tionft  of  the  more  rapMly  moving  cnrrents,  while  the  muddy  hollows 
fxiint  \ft  x\\fz  #;tMiefl  where  the  fine  se^iiment  is  permitted  to  settle  on  the 
\^Atf>tT\.  7  he  r^iore  p^rominent  featnres  --n  the  ri^.-^r  of  the  North  Soi, 
however,  are  proljably  of  mnch  older  date  than  the  deiKwits  now 
ac^mmnlating  there.  Some  of  them  are  doubtless  relics  of  the  timevhen 
the  flo'ir  of  that  fsea  was  a  brxid  terrestrial  plain.  The  Dogger  Banki 
for  inntanc-e,  is  pr^^liably  a  prrilongation  of  the  Jurass^ic  escarpment  of  the 
YorksViire  c^'^st.  Cither  minor  submarine  features  may  be  i>artly  due  to 
irregular  de]:»*^i>ition  of  glacial  drift. 

During  the  course  of  the  voyage  'if  the  ChaUewjer^  the  approach  to 
land  Cf)n\*\  always  Ije  foretold  from  the  character  of  the  bottom,  even  at 
distances  of  150  and  2«Xj  miles.  The  deposits  were  found  to  consist  of 
blue  and  green  muds  derived  from  the  degradation  of  older  cr^'stalline 
rocks.  Tlie  blue  or  dark  slate-coloured  mud,  takes  its  colour  from  de- 
cfimiK/sing  organic  matter  and  sulphide  of  iron,  frequently  giving  off 
th<;  fKlour  of  sulphuretted  hydrogen,  and  assuming  a  brown  or  red  hue 
at  t)io  Hurfaa;,  owing  to  oxidatiou.  Besides  occurring  in  deixwit* 
of  do<;]»  wat/.r,  iron  disulphide  is  met  with  on  some  coasts,  cementing 
wind,   gravel,  and   shells   into   a  coherent  mass.^     There  can  be  little 

•  Kjo  tI»o  outhorilicB  cited  on  p.  418,  regarding  the  Cheeil  Bank 
t  rn  Y**^  ii'fonnation  as  tf»  the  English  Channel  and  other  parts  (»f  the  British  sc«b,  «f 
J.I.I  Inrriwin,  Afin.  Proc.  Imt.  Cir.  Engin.  vii,  (1848)  p.  327  (where  a  m'ap  of  the  submarine 
(h'lKwitH  will  Jmj  foiimi);  R.  A.  (J.  Oodwin-Austen,  QxMrt.  Joum.  Gt^.  Soc.  y±  (lvS*H) 
'*•  t «  ^  1**^1  ^^  aingulap  interest  and  imiwrtance ;  Lebour,  Pror.  Gtoi.  Amc.  i». 
p.  IftK :  John  Mutiny,  Min,  Proc.  Inst,  Cir.  Enqhi.  xx.  (1800-1). 

■  II.  Kcuioh.  N^iteM  JrtJifli.  1879,  p.  2."..'?. 
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»nbt  that  the  deoomposing  animal  and  vegetable  matter  of  the  floor  of 
allow  seas  reduces  the  sulphates  of  sea- water  to  sulphides,  which  in 
im  react  on  the  iron  and  manganese  minerals  (principally  silicates)  in 
16  mud,  forming  sulphides  of  those  metals.  Subsequently  the  oxygen 
:  the  water  converts  the  sulphides  to  oxides,  which  gather  into 
mcretionary  forms.  ^  The  green  muds  found  at  depths  of  100  to  700 
kihoms  are  characterised  by  the  presence  of  a  amsiderable  quantity 
f  glanconite  grains,  either  isolated  or  united  into  concretions,  and 
:^aeDtly  filling  the  chambers  of  Foraminifera  or  other  organisms, 
lound  volcanic  islands,  the  bottom  is  covered  with  grey  volcanic  mud 
nd  Band  derived  from  the  degradation  of  volcanic  rocks.  These  deposits 
ui  be  traced  to  great  distances ;  from  Hawaii  they  extend  for  200 
lilee  or  more.  Pieces  of  pumioe,  scorise,  &c.,  occur  in  them,  mingled 
ith  marine  organisms,  and  more  particularly  with  abundant  grains, 
icrastations,  and  nodules  of  an  earthy  peroxide  of  manganese  (Fig.  167). 
ear  ooral-reefs  the  sea-floor  is  covered  with  a  white  calcareous  mud 
»ived  from  the  abrasion  of  coral,  and  frequently  containing  95  per 
lit  of  carbonate  of  lime.  Beyond  a  depth  of  1000  fathoms,  coral  mud 
▼eg  place  to  a  Globigerina  ooze  or  red  clay.  The  east  coast  of  South 
Dierica  supplies  a  peculiar  red  mud  which  is  si)read  over  the  Atlantic 
t>pe  down  to  depths  of  more  than  2000  fathoms. 

Throughout  these  land-derived  sediments  are  found  minute  particles 
iBoogpiisable  minerals.  Of  these,  quartz,  often  in  rounded  grains,  pla3'^s 
« diief  part.  Next  come  mica,  felspar,  augite,  hornblende  and  other 
*  abundant  constituents  of  terrestrial  rocks,  the  materials  becoming 
WBer  towards  land.  Occasional  pieces  of  wood,  portions  of  fruits,  and 
iveg  of  trees  in  the  same  deposits  further  indicate  the  reality  of  the 
insport  of  material  from  the  land.  Shells  of  pteropods,  larval  gastero- 
Is,  and  lamellibranchs  are  tolerably  abundant  in  these  muds,  with 
iny  infra-littoral  species  of  F(traminiferaj  and  diatoms.  Below  1500  or 
)0  fathoms,  pteropod  shells  seldom  appear,  while  at  3000  fathoms 
rdly  a  foraminifer  or  any  calcareous  organism  remains.^ 

B.  Abysmal.—  Passing  over  at  present  the  organic  deposits  which  form 
characteristic  a  feature  on  the  floor  of  the  deeper  and  more  open  parts 
the  ocean,  we  come  to  certain  rod  and  grey  clays  found  at  depths  of 
re  than  2000  fathoms,  down  to  the  l)ottoms  of  the  deepest  abysses, 
eso,  by  far  the  most  wide-spread  of  oceanic  deposits,  consist  of  exceed- 
;ly  fine  clay,  coloured  sometimes  red  by  iron-oxide,  sometimes  of  a 
)Oolate  tint  from  manganese  oxide,  with  grains  of  augite,  felspar, 
1  other  volcanic  minerals,  pieces  of  palagonite  and  pumice,  nodules  of 
coxide  of  manganese,  and  other  mineral  substances,  together  with 
ramnifera,  and  in  some  regions  a  large  proi>ortion  of  siliceous 
KiMoria.  These  clays  result  from  the  decomposition  of  pumice  and 
«  Tolcanic  dust,  transported  from  volcanic  islands  into  mid-ocean,  or 
in  the  accumulation  of  the  detritus  of  submarine  eruptions.     The 

*  J.  Y.  BuchaiiaD,  Brit.  Asuoc.  1881,  p.  584. 

•  See  paper  by  Mossre.  Murray  and  Renard,  qiiot^l  on  p.  421. 
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extreme  slowneaa  of  depoflit  is  strikingly  brought  ont  in  the  traots  ol 
floor  farthest  rcmove<l  from  land.  From  theee  localitieB  great  nim 
of  Bhai'ks'  teeth,  with  ear-honos  and  other  bones  of  whales,  were  die 
lip    in   tho  Challenger  expedition, — some  of  them  quite  frosh,  o 


]Kirtially  cm»ted  with  peroxide  of  manganese,  and  some  wholly 
tliickly  surrounded  with  that  subBtance.  We  cannot  iilnninw 
sharkfl  and  whales  so  abounded  in  the  soa  at  one  time  as  to  <xm 
tliHir  uf  the  ocean  with  a  continuous  stratum  of  their  romains.  No  i 
each  haul  of  the  dredge  which  hn 
np  so  many  bones,  repreeented 
droppings  of  many  generatioiii. 
STici^ssive  stages  of  manganea 
cnistution  jwint  to  a  long,  slow 
disturbed  iX!riod,  when  so  little 
mcnt  accumulated  that  the  1 
dropped  at  the  Iwginning  remuii 
the  end  still  uncovered,  or  (ml 
slightly  covered  as  to  be  easily  803 
up  by  tho  droilge.  In  theee  dep 
moreover,  occur  numerooa  m 
spherular  jmrticles  of  raetallio 
and  "choudres,"  or  sphorioal  i 
''''''"i^t;i:;"''"ii-,^'lirf!it^^^^  nally   .adiatcl   particles    refer« 

iutbriHiiii<-(mw.2Ediim.)>bi>«iiisthB  brouzito,  which  are  in  all  probal 
"'^ftl^a'!^  oTmm  fuh^il^inc;  «f  cosmic  origin— portions  of  the 
of  meteorites  which  in  the  ooiu 
ages  liavo  fallen  upon  the  so&-I)ottoni  (Figs.  165,  16G).  Such  par 
no  doubt  fall  all  over  the  ocean ;  but  it  is  only  on  those  parts  ol 
bottom  which,  by  reason  of  their  distance  from  any  land,  » 
}  of  deposit  with  extrcmo  slowness— and  where  therefon 
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present  Bor&oe  may  contain  the  dust  of  a  long  aucceaeion  of  years — that 

it  may  be  expected  to  be  posdble  to  detect  them.' 

Ihe  abundant  dopnmt  of  poi-oxido  of  mnngaiiexo  over  the  floor  of  the 

deep  sea  is  one  of  the  moet  singular  features  of  recent  discovery.  It 
oooaxs  as  an  earthy  incrustation  round  bits  of  pumice,  bones,  and  othor 
objects  (Fig.  167).  The  nodules  poBseBa  a  concentric  arrangement  of 
linoB  not  nnlike  those  of  urinary  calculi.  That  thoy  are  formed  on  the 
Bpot,,  and  not  drifted  from  a  distance,  was  made  nhundantly  clear  from 
their  containing  abyamal  organismH,  and  encloHiug  more  or  less  of  tho 
■unxmuding  bottom,  whatever  itn  nature  might  happen  to  be.  More 
■"Ooontly  Hr.  J.  Y.  Buchanan  dredged  similar  email  manganese  eon- 
*"*tiona  firom  some  of  the  deeperjwrlitofljoch  Fj-ne.^  Tho  formation  of 
*t«iG))  ocmcietionB  may  be  analogous  to  the  solution  and  deposition  of  oxides 
**«  iron  and  manganme  by  organic  acids,  as  on  lako-floors,  boge,  Ac.  (p.  447). 


In  connection  with  tlio  chomicikl  roactiouii  indicated  by  these  noilulcs  an 
takbg  place  on  tho  soa-bottoiu,  roferenue  may  Iw  made  to  a  still  more 
remarkablo  diseoveiy  made  by  Messrs.  Murray  and  Eonard  in  the  course 
"f  their  examinations  of  the  materials  bniugiit  uji  from  the  same  abysmal 
■'^posita.  Minute  crystals,  simple,  twnnod  or  in  spheroidal  groups, 
"tich  occur  abundantly  in  tho  typical  red  clay  of  tho  central  Pacific,  have 
™*i  identified  witli  tho  zeolite  known  as  christianite.  Theeo  crystals 
''**e  certainly  been  formed  directly  on  tho  sea-bottom,  for  they  are  found 
Bothered  round  abjiimal  organismH,  and  their  production  has  been  clfocted 

^  Mnrraj  aad  Bonard  oti  L'-oamia  DubI,  Ptoc.  Hoi/.  Soc.  JCdin.  1884;  Nature,  zxix. 
»       Vrom  the  Reporta  of  the  Challenger  Expedition.    Tho  detailed  iDvestigalioa  by 
^'■'••r&  Hnnay  odu  Beiiord  of  tho  deep-eea  dcpueits  nhtaiutid  by  thia  uspeditioD  wiu 
Qf^^one  of  the  most  important  con CiibutionB  yet  mode  to  oni  knowledge  of  tbooheinuitr; 
■Aq  ocemuiD  abvsaes. 

»K. l^SI.BectB.  p.  58;l.    rroc.Itoy.8oe.Edin. 
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at  about  the  temperature  of  32°  Fahr.    The  imi)ortance  of  thiB  fact  in 
reference  to  tlie  chemistry  of  marine  deposits  is  at  once  obvious. 

From  a  comparison  of  the  results  of  the  dredgings  made  in  recent 
years  in  all  parts  of  the  oceans,  it  is  impossible  to  resist  the  oonclusion 
that  there  is  nothing  in  the  character  of  the  deep-sea  deposit*  which 
finds  a  parallel  among  the  marine  geological  formations  visible  to  us  on 
land.     It  is  only  among  the  comparatively  shallow-water  accumulation^ 
of  the  existing  sea  that  we  encounter  analogies  to  the  older  formations^ 
And  thus  we  reach,  by  another  and  a  new  approach,  the  conclusion  whiclp" 
on  other  and  very  different  grounds  has  been  arrived  at,  viz.,  that  th^n- 
present  continental  ridges  have  existed  from  the  remotest  times,  and  th^>_^ 
the  marine  strata  which  constitute  so  large  a  portion  of  their  mass  ha"*--^ 
been  accumulated  not  as  deep-water  deposits,  but  in  comparativ 
shallow  water  along  their  flanks.^ 

§  7.  Denudation  and  Deposition. — Tlie  results  of  the  acti 

of  Air  and   Water  upon   Land.^ 

It  may  be  of  advantage,  before  passing  from  the  subject  of       the 
geological  work  of  water,  t(>  consider  the  broad  results  achieved  by-    the 
co-operation  of  all  the  forces  by  which  the  surface  of  the  land  is  \\^i)ni 
down.     These  results  naturally  group  themselves  under  the  two  liea^Is 
of  Denudation  and  Dej>osition. 

1.  Suhaprial  Denudation — tJie  (lenrral  htccrhifj  of  land. 

The  true  measure  of  denudation  is  to  be  sought  in  the  amoniit  of 
mineral  matter  removed  from  the  surface  of  the  bind  and  carriwl  iiitu 
the  sea.  This  is  an  appreciable  and  measurable  quantit}'.  There  mar 
be  room  for  discusHion  as  to  the  way  in  which  the  waste  is  to  bo 
apportioned  to  the  different  forces  tliat  have  produced  it,  but  tlio  total 
amount  of  sea-borne  detritus  must  bo  accepted  as  a  fact  al>out  which, 
when  properly  verified,  no  further  (question  can  possibly  arise.  In  this 
manner  the  subject  is  at  once  disencumbered  of  difliculty  in  fixing  the 
relative  importance  of  rain,  rivers,  frost,  glaciers,  ifec,  considered  i» 
denuding  agents.  We  have  simply  to  deal  with  the  sum-total  of  rewlt* 
achieved  by  all  these  forces  acting  severally  and  conjointly.  Thni 
considercil,  this  subject  casts  a  new  light  on  the  origin  of  existing  hair 
surfaces,  and  affords  some  fresh  data  for  approximating  to  a  meuaxed 
past  geological  time. 

Of  the  mineral  substances  received  by  the  sea  from  the  land,  l|f  d^ 
the  larger  portion  is  brought  down  by  Btreams;  a  relatively  wd*'» 
amount  is  washed  oft'  by  the  waves  of  llie  sea  itself.  It  i<  i-  ■  '  "  -^ 
or   stream-borne   part,   which    is    at    present  to  be  ■''■•'•    ^"^ 

quantity  of  mineral  matter  carrifi;!  ev0ry  ytnr  "        nm  iKtwu  hfli^ 

*  Proc.  Roy,  Oeograph,  8oc  July.  ' 

'"'  This  Boctioii  is  mainly  tm'*  ..     j.iiiiijr.  ** 

GhmgoiCf  iii.  p.  153. 
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rivers  of  a  continent  represents  the  amount  by  wldch  the  general  surface 
of  tliat  continent  is  annually  lowered.     Much  has  been  written  of  tho 
vastness  of  the  yearly  tribute  of  silt  borne  to  the  ocean  by  such  streams 
as    tlie  Ganges  and  Mississippi;   but  *'the  more  consideration  of  the 
number  of  cubic  feet  of  detritus  annually  removed  from  any  tract  of 
land  by  its  riyers  does  not  produce  so  striking  an  impression  upon  tho 
mind  as  the  statement  of  how  much  the  mean  surface-level  of  the 
distriot  in  question  would  be  reduced  by  such  a  removal."  ^     This 
method  of  inquiry  is  so  obvious  and  instructive  that  it  probably  received 
attention  from  early  geologists,  though  data  were  still  wanting  for  its 
proper  application.    Playfair,  for  instance,  in  speaking  of  tho  trans- 
ference of  material  from  the  surface  of  the  land  to  the  bottom  of  the  sea, 
i^nciarks  that  "  the  time  requisite  for  taking  away  by  waste  and  erosion 
trwo  feet  from  the  surface  of  all  our  continents  and  depositing  it  at  the 
lK>ttom  of  the  sea  cannot  be  reckoned  less  than  two  hundred  years."  ^ 
fliia  estimate  does  not  appear  to  have  been  based    on  any  actual 
^measurements,  and  must  greatly  exceed  the  truth ;   but  it  serves  to 
ixidicate  how  broad  was  the  view  that  Playfair  held  of  the  theory  which 
H©  xmdertook  to  illustrate.     Tho  first  geologist  who  appears  to  have 
^ttempted  to  form  any  estimate  on  this  subject  from  actually  ascertained 
,  was  Mr.  Alfred  Tylor,  who,  in  the  year  1850,  published  a  paper 
'Which  he  estimated  the  probable  amount  of  solid  matter  annually 
^^^Tight  into  the  ocean  by  rivers  and  other  agents.    He  inferred  that 
"^l^e  quantity  of  detritus  now  distributed  over  the  sea-bottom  every  year 
^^^"cild,  at  the  end  of  10,000  years,  cause  an  elevation  of  the  ocean-level 
the  extent  of  at  least  three  inches.^    The  subject  was  afterwards 
en  up  by  Dr.  Croll,  who  specially  drew  attention  to  the  Mississippi 
t  measure  of  denudation  and  thereby  of  geological  time.* 
AVhen  the  annual  discharge  of  mineral  matter  carried  seaward  by  a 
,  and  the  area  of  country  drained  by  that  river  are  both  known,  the 
sum  divided  by  the  other  gives  the  amount  by  which  the  drainage- 
has  its  mean  general  level  reduced  in  one  year.     For  it  is  clear 
if  a  river  carries  so  many  millions  of  cubic  feet  of  sediment  every 
X  into  the  sea,  the  area  drained  by  it  must  have  lost  that  quantity 
^olid  material,  and  if  we  could  restore  the  sediment  so  as  to  spread  it 
the  basin,  the  layer  so  laid  down  would  represent  the  fraction  of  a 
by  which  the  surface  of  the  basin  had  been  lowered  during  a  year. 
>,^^        It  has  been  already  shown  that  the  material  removed  from  the  land 
"*^  Btreams  is  twofold— one  portion  is  chemically  dissolved,  the  other  is 
nically  suspended  in  the  water  or  pushed   along  the   bottom. 

Tylor,  FhiL  Mag.  4th  series,  v.  p.  268, 1850. 

'  niiurtrations,*  p.  424.    Manfredi  had  previously  made  a  calculation  of  the  amount 

in  that  fieJls  over  the  globe,  and  of  the  quantity  of  earthy  matter  carried  into  the 

^  l>7  rlTers.    He  estimate  that  this  earthy  matter  distributed  over  the  sea-bed  must 

,^5e  the  level  of  the  latter  five  inches  in  348  years.    Von  lloflf,  *  Verdnderungon  dor 

*^ixioberflache,'  Band  i.  p.  232.    See  the  other  authorities  there  cited. 

•  P3W.  Mag,  loc.  eit 

*  Ph(L  Mag.  for  Febrdary  1867,  and  May  1868 ;  and  his  *  Climate  and  Time.*    See 
9  QeoL  Mag.  June  1868;  Trant,  OeoL  8oe.  Okugoto,  iii.  p.  158. 
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Properly  to  estimate  the  loss  sustained  by  the  sur&oe  of  a 
basin,  we  ought  to  know  the  amount  of  mineral  matter  remored 
of  these  conditions,  and  also  the  volume  of  water  disohargei 
mecuBurements  and  estimates  made  at  different  seasons  and  exi 
over  a  succession  of  years.  These  data  have  not  yet  been  folly  o< 
from  any  river,  though  some  of  them  have  been  aaoertainei 
approximate  accuracy,  as  in  the  Mississippi  Survey  of  MoBsra 
phreys  and  Abbot,  and  the  Danube  Survey  of  the  IntematioDa 
mission.  As  a  rule,  more  attention  has  been  shown  to  tho  am* 
mechanically  suspended  matter  than  to  that  of  the  other  ingxi 
For  the  present,  therefore,  we  may  confine  ourselves  to  this  part 
earthy  substances  removed  from  tho  land  by  running  water.  It 
borne  in  mind,  however,  that  tho  following  estimates,  in  so  £ar 
are  based  upon  only  one  portion  of  the  waste  of  the  land,  are 
statements  of  the  truth. 

The  proportion  of  mineral  substances  held  in  suspension 
water  of  rivers  has  been  already  (p.  356)  discussed.  It  is  most 
tageous  to  determine  the  amount  of  mineral  matter  by  weight,  ai 
from  its  average  specific  gravity  to  estimate  its  bulk  as  an  ingred 
river  water.  The  proportion  by  weight  is  probably,  on  an  a 
about  half  that  by  bulk. 

It  may  seem  superfluous  to  insist  that  the  earthy  matter  boi 
the  sea  from  any  given  area  represents  so  much  actual  loss  fi 
surface  of  that  area.  Yet  this  self-evident  statement  is  proba 
realised  by  many  geologists  to  the  extent  which  it  deserves 
stream  removes  in  one  year  one  million  of  cubic  yards  of  earth  f 
drainage-basin,  that  basin  must  have  lost  one  million  of  onbi 
from  its  surface.  From  the  data  and  authorities  which  have 
been  adduced  (p.  356),  the  subjoined  table  has  been  constnii 
which  are  given  the  results  of  the  measurement  of  the  propo: 
sediment  in  a  few  rivers.  The  last  column  shows  the  fraction  oi 
of  rock  (reckoning  the  specific  gravity  of  the  silt  at  1*9  and  that 
at  2 '5)  which  each  river  must  remove  from  the  general  snrfao 
drainage-basin  in  one  year. 


Fractkm  of  fool 

Name  of  River. 

Area  of  basin  in 

Annual  diaduurge  of 

rock  by  whkh  ( 
areaofdnlnHP 

Rfjoare  miles. 

BCtliroent  in  cubic  feet. 

lowered  in  one  | 

MiBsiBsippi      .     . 
(^nges  Hipper)  . 
Hoang  Ho      .     . 

1,147,000 

7,459,267,200 

iJn 

148,000 

6,308,077,440 

700,000 

17,520,000,000(?) 

rm 

Bhone.     .     . 

25,000 

600,381,800 

lw 

Danube     .     .     . 

234,000 

1,253,738,600 

jj- 

Po 

30,000 

1,510,137,000 

* 

At  the  present  rate  of  erosion,  the  rivers  named  in  this  taUe 
one  foot  of  rock  from  the  general  surface  of  their  basins  in  the  ft 


.  iL  f  7J  8UBAERIEL  DENUNDATION.  429 


^iio: — The  MissiBBippi  removes  one  foot  in  6000  years;  the  Ganges 

ttliove  Ghazipto  doefl  the  same  in  823  years ;  ^  the  Hoaug  Ho  in  1464 

yean ;  tho  Bhone  in  1528  years ;  the  Banubo  in  6846  yeai-s ;  the  Po  in 

729  years.     If  these  rates  should  continue,  the  Mississippi  basin  will  be 

loirered  10  feet  in  60,000  years,  100  feet  in  600,000  years,  1000  feet  in 

6,000,000.     Assuming  Humboldt's  estimate  of  the  mean  height  of  the 

N'orth  American  continent,  748  fcet,^  we  Und  that  at  the  Mississippi's 

i»te  of  denudation,  this  continent  would  be  worn  away  in  about  four 

i^nd  a  half  million  years.     The  Ganges  works  still  more  rapidly.     It 

removes  one  foot  of  rock  in  823  years,  and  if  Humboldt's  estimate  of  the 

average  height  of  the  Asiatic  continent  be  accepted,  viz.,  1132  English 

feet,  that  mass  of  land,  worn  down  at  the  rate  at  which  the  Ganges 

destroys  it,  would  be  reduced  to  the  sea-level  in  little  more  than  930,000 

years.     Still  more  remarkable  is  the  extent  to  which  the  Biver  Po 

denudes  its  area  of  drainage.    Even  though  measurements  had  not  been 

made  of  the  ratio  of  sediment  contained  in  its  water,  we  should  be 

pi^I)ared  to  find  that  proportion  a  remarkably  large  one,  if  we  look  at 

tHe  enormous  changes  which,  within  historic  times,  have  been  made 

■^y  the  alluvial  accumulations  of  this  river  (p.  874).     If  the  Po  removes 

^J^e  foot  of  rock  from  its  drainage  basin  in  729  years,  it  will  lower  that 

l^aain  10  feet  in  7290  years,  100  feet  in  72,900  years.     If  the  whole 

^^  Burope  (taken  at  a  mean  height  of  671  feet)  were  denuded  at  the 

®**tt©  rate,  it  would  be  levelled  in  rather  less  than  half  a  million  of 


It  is  not  pretended  that  these  lesult*  are  strictly  accui-ate.     On  the 

pthor  hand,  they  are  not  mere  guesses.     The  amount  of  water  flowing 

*^to  the  sea,  and  the  annual  discharge  of  sediment,  have  l)een  in  each 

^^^«e  measured  with  greater  or  less  precision.     The  areas  of  drainage 

**^*^y  perhaps  require  to  be  increased  or  lessened.     But  though  some 

^Haxige  may  be  made  upon  the  ultimate  results  just  given,  it  is  hardly 

POBfiible  to   consider  them  attentively   without   being   forced    to  ask 

^^hether  those  enormous  i)enods  which  geologists  have  been  in  the  habit 

^^    demanding  for  the  accomplishment  of  geological  phenomena,  and 

^Uore  especi^ally  for  the  very  phenomena  of  denudation,  are  not  in  reality 

^^i"  too  vast.     If  the  Mississippi  is  carrying  on  the  process  of  denudation 

**^  xtfcpidly  that  at  the  same  rate  the  whole  of  North  America  might  be 

w-velled  in  four  and  a  half  millions  of  years,  surely  it  is  most  un- 

pHiloBophical  to  demand  unlimited  ages  for  similar  but  often  much  less 

extensive  denudations  in  the  geological  past.     Moreover,  that  rate  of 

^^x>8ion  appears,  on  the  whole,  to  be  rather  below  the  average  in  point  of 

*  In  my  original  pnpcr  tho  area  of  drainn^^e  of  the  Ganges  was  given  as  432,480 
■'l^are  miles.  But  the  area  from  which  the  annual  discharge  of  silt  was  there  given 
'•"ftBonly  that  part  of  the  Gangetic  Ixwin  above  (tlmzipilr,  which  Dr.  Haugliton  estiiiiates 
*^t  143,000  square  miles  (^Proe.  Roy.  DMin  Soc.  1879.  No.  xxxix.).  Hence,  as  he  has 
P^Uited  out,  the  rate  of  erosion  is  really  mu(*li  greater  than  I  had  made  it.  I  have 
'^^culatod  tho  rate  from  the  altered  data,  and  the  result  is  as  given  al>ove. 
.  '  Ante,  p.  37,  whore  other  and  more  probable  estimates  of  the  height  of  the  laud  are 
p^en.  But  us  the  numbers  do  not  aflff'ct  tho  argument  those  originally  assumed  are 
^^^  retained. 
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rapidity.  Tho  Po,  for  instanoe,  works  more  that  eight  times  sb  &Bt 
But  as  the  physics  of  the  Mississippi  have  been  more  oarefiilly  stodio 
than  those  of  perhaps  any  other  river,  and  as  that  river  dndnB  w 
extensive  a  region,  embracing  so  many  varieties  of  climate,  rock  aiu 
soil,  we  shall  probably  not  exaggerate  the  result  if  we  assume  tb 
Mississippi  ratio  as  an  average.  It  is,  of  course,  obvious •  that  as  tb 
level  of  the  land  is  lowered,  the  rate  of  subaerial  denudation  deoreasei 
so  that  on  the  supposition  that  no  subterranean  movements  took  plao 
to  aid  or  retard  the  denudation,  the  last  stages  in  the  demolition  g 
a  continent  must  be  enormously  slower  than  during  earlier  periodfl. 

There    is    another    point    of   view  from   which  a  geologist    ma; 
advantageously  contemplate  the  active  denudation  of  a  country.      H 
may  estimate  the  annual  rainfall  and  the  proportion  of  water  whiol 
returns  to  the  sea.     If  he  can  obtain  a  probable  average  ratio  for  th 
earthy  substances  contained  in  the  river  water  which  enters  the  sea,  fa 
will  be  able  to  estimate  the  mean  amount  of  loss  sustained  by  the  whol 
country.      Thus,  taking  the  average  rainfall  of  the  British  Islands  i 
36   inches  annually,  and  the  superficial  area  over  which  this  rain 
discharged  at  120,000  square  miles,  then  it  will  be  found  that  the  toU 
quantity  of  rain  received  in  one  year  by  the  British  Isles  is  equal 
about  68  cubic  miles  of  water.     If  the  proportion  of  rainfall  returned 
the  sea  by  streams  be  taken  at  a  third,  there  are  23  cubic  miles  ;  if  afl 
fourth,  there  are  17  cubic  miles  of  fresh  water  sent  off  the  surface  of  is 
British  Islands  into  the  sea  in  one  year.     Assuming,  in  the  next  pla^ 
that  the  average  ratio  of  mechanical  impurities  is  only  ^J^^  by  toI 
of  the  water,  the  proportion  of  the  rainfall  returned  to  the  sea 
then  it  will  follow  that  -^-j^  of  a  foot  of  rock  is  removed  from 
general  surface  of  Britain  every  year.     One  foot  will  be  planed 
in  8800  years.     If  the  mean  height  of  the  British  Islands  be  taken 
650  feet,  then,  if  the  ratio  now  assumed  were  to  continue,  these  islaxs 
might  be  levelled  in  about  five  and  a  half  millions  of  years.     Muchmc: 
detailed  observation  is  needed  before  any  estimate  of  this  kind  oan 
based  upon  accurate  and  reliable  data.     But  it  illustrates  a  method 
vividly  bringing  before  the  mind  the  reality  and  extent  of  the  deca 
dation  now  in  progress. 

2.  Subaerial  Denudatiofi — the  utiequal  erosion  of  land. 

It  is  obvious  that  the  earthy  matter  annually  removed  ficom  t3 
surface  of  the  land  does  not  come  equally  from  the  whole  surface.  Tl 
determination  of  its  total  quantity  furnishes  no  aid  in  apportioning  tl 
loss,  or  in  ascertaining  how  much  each  part  of  the  surface  has  contribatc 
to  the  total  amount  of  sediment.  On  plains,  watersheds,  and  more  tf 
less  level  ground,  the  proportion  of  loss  may  be  small,  while  on  sloi^ 
and  in  valleys  it  may  be  great,  and  it  may  not  be  easy  to  fix  the  tru 
ratios  in  these  cases.  But  it  must  be  borne  in  mind  that  estimates  az:^ 
measurements  of  the  sum-total  of  denudation  are  not  thereby  affibot^ 


SBCT.iLf7.]  8UBAEBIEL  DENUNDATION.  431 

Jf  we  allow  too  little  for  the  loss  from  the  surface  of  the  table-lands,  we 
incieaBe  the  proportion  of  the  loss  sustained  by  the  sides  and  bottoms  of 
the  valleys,  and  vice  versd. 

While  these  proportions  vary  indefinitely  with  the  form  of  the 

Buxfaoe,  rainfall,  &c.,  the  balance  of  loss  must  always  be,  on  the  whole, 

on  the  side  of  the  sloping  surfaces.     In  order  to  show  the  full  import  of 

tfaiB  part  of  the  subject,  certain  ratios  may  here  be  assumed  which  are 

probably  nnder-statements  rather  than  exaggerations.     Let  us  take  the 

proportion  between  the  extent  of  the  plains  and  tablelands  of  a  country, 

and  the  area  of  its  valleys,  to  be  as  nine  to  one ;  in  other  words,  that,  of 

the  whole  siirface  of  the  country,  nine-tenths  consists  of  broad  undu- 

latmg  plains,  or  other  comparatively  level  ground,  and  one-tenth  of 

steeper  Blo2>e8.     Let  it  be  further  assumed  that  the  erosion  of  the 

surface  is  nine  times  greater  over  the  latter  than  over  the  former  area, 

BO  tkat  while  the  more  level  parts  of  the  country  have  been  lowered  one 

ibot,  the  valleys  have  lost  nine  feet.     If,  following  the  measurements  and 

calonlations  already  given,  we  admit  that  the  mean  annual  quantity  of 

detritus  carried  to  the  sea  may,  with  some  probability,  be  regarded  as 

©qual  to  the  yearly  loss  of  j^-^  of  a  foot  of  rock  from  the  general  surface 

of  the  conntiy,  then,  apportioning  this  loss  over  the  surface  in  the  ratio 

JUBt  given,  we  find  that  it  amounts  to  f  of  a  foot  from  the  more  level 

^roonds  in  6000  years,  and  5  feet  from  the  valleys  in  the  same  space  of 

^inie.    Now,  if  f  of  a  foot  be  removed  from  the  level  grounds  in  6000  years, 

^  foot  will  be  removed  in  10,800  years  ;  and  if  5  feet  be  worn  out  of  the 

^Hlloys  in  6000  years,  1  foot  will  be  worn  out  in   1200  years.     This 

^  ecjnal  to  a  loss  of  only  -jV  of  an  inch  from  the  tablelands  in  75  years, 

^'^''hile  the  same  amount  is  excavated  from  the  valleys  in  8J  years. 

It  may  seem  at  first  sight  that  such  a  loss  as  only  a  single  line  from 

^^e  surface  of  the  open  country  during  more  than  the  lapse  of  a  long 

■^^Daan  life  is  almost  too  trifling  to  be   taken  into  account,  as  it  is 

^^J^ainly  too  small  to  be  generally  appreciable.     In  the  same  way,  if  we 

told  that  the  constant  wear  and  tear  which  is  going  on  before  our 

in  valleys  and  watercourses,  does  not  effect  more  than  the  removal 

One  line  of  rock  in  eight  and  a  half  years,  we  may  naturally  enough 

^S^i'd  such  a  statement  as  probably  an  under-estimate.     But  if  wc  only 

l^iTnit  the  multiplying  power  of  time  to  come  into  play,  the  full  force  of 

**ioee  seemingly  insignificant  quantities  is  soon  made  apparant.     For  we 

^xiil  by  a  simple  piece  of  arithmetic,  that,  at  the  rate  of  denudation 

^^l\ich  has  been  just  postulated  as  probably  a  fair  average,  a  valley  of 

*OO0  feet  deep  may  be  excavated  in  1,200,000  years,  a  i)criod  which,  in 

"^tio  eyes  of  most  geologists,  will  seem  short  indeed. 

Objection  may  be  taken  to  the  ratios  from  which  this  average  rate 

^^  denudation  is  computed.      Without  attempting  to  decide  what  this 

^'V'erage  rate  actually  is — a  question  which  must  be  determined  for  each 

^^ gion  upon  much  fuller  data  than  are  at  present  available — the  geologist 

^-vdllfind  advantage  in  considering,  from  the  point  of  view  now  indicated, 

what,  according  to  the  most  probable  estimates,  is  actually  in  progress 
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aroond  lum.  Let  him  amnme  uiy  othar  ftpportifming  of  tht  toU 
amcnmt  of  denadatioii,  Ii«  does  not  thereby  leneu  the  meMtmant  d 
that  amount,  vhioh  can  he  and  has  been  aaoertained  in  the  aBiml 
diacharge  of  riverB.  A  Offirtain  determioed  quantity  of  rook  is  ai 
worn  off  the  Burfaoe  of  the  land.  IF,  aa  already  Tomarfced,  v 
too  large  a  proportion  to  be  derived  from  the  valleys  and  a 
wo  diminish  the  loss  from  the  open  coimtry ;  or,  if  we  make  the  «fr 
tingent  derived  &om  the  latter  too  great  we  leawn  that  from  tlie  famr. 
Under  any  aecertained  or  assnmed  proportion,  the  fitota  remun,  that  As 
land  loses  a  certain  asoertainable  fraction  (rf  a  fixit  from  its  gOMnl 
snrfaoe  per  annum,  and  that  the  loss  irom  the  vall^a  and  v 
is  larger  than  that  fraction,  while  the  Iobs  frcon  the  level  g 

8.  Marine  Dmmdatum — ilt  amparaUve  rate. 
From  the  deetmotive  effects  of  occasional  storms  an  ezmgonttii 
estimate  has  been  formed  of  the  relative  potency  of  marine  anKb 
That  the  amount  of  waste  by  the  sea  must  be  inoonoeivably  levtlai 
that  effected  by  the  subaerial  agents,  will  be  evident  if  we  oonmdn  hnr 
small  is  the  extent  of  surface  ezpoaed  to  the  power  of  the  waves,  vta 
contrasted  with  that  which  is  under  the  influence  of  atmoapherio  wMla 
In  the  general  degradation  of  the  land,  this  is  an  advantage  in  fnMTflf 
the  Bubaorial  agents,  which  would  not  be  counterbalanced  nnlesi  the  nk 
of  waste  by  the  sea  were  many  thousands  or  millions  of  times  gnste 
than  that  of  rains,  frosts,  and  streams.  But  in  reality-  no  such  oompco- 
sation  exists.  In  order  to  see  this,  it  is  only  necessary  to  place  nd«  lij 
side  measuromcnts  of  the  amount  of  work  actually  performed  by  the  two 
classes  of  agents.  Let  us  suppose,  for  instance,  that  the  sea  eats  am;  4 
continent  at  the  rate  of  ten  feet  in  a  century — an  estimate  irhkk 
'  probably  attributes  to  the  waves  a  much  higher  rate  of  erouon  tba 
can,  as  the  average,  be  claimt-d  for  them.'  Then  a  slice  of  alwnt  anula 
in  breadth  will  require  about  52,800  years  for  its  demolitioa,  ten  mil* 
will  be  eat«n  away  in  528,000  years,  one  humlred  miles  in  5,2^0,000 
years.  Kow  we  have  already  wueu  that,  on  a  moderate  compntatiL-n.  li" 
land  loses  about  a  foot  from  ita  general  eurfece  in  GOWt  jean,  iiwl 
that,  by  the  continuance  of  thie  rate  of  snboerial  denndatioD,  theooiboist 
of  Euroi>e  might  be  wom  awiiy  iu  aUiut  4,000,000  years.  Matctt,  \tin 
tlio  sea,  advancing  at  the  r&to  of  tin  feet  in  a  ooutuiy,  ouoli)  \»nit  I 
more  than  a  mere  marginal  strip  of  land,  between  70  and  SO  mthi  ^  J 
lircailtli,  the  whole  land  miglit  l>e  washed  into  tlie  ftwurj  '>v  AttacafiMtcJ 
(U'lmdatinn. 

S(.iiio  wioh  rt'xultii  aw  theeo  would  ueti 
InrKuKv  twk  phuv  hi  the  rclaUvc-  ^^\A^'  ■ 
muting  the  t( mount  of  iiiriueuM'  i"  i 

'  It  limy  U'  objii-lwl  tlkal 
l:L.Kl<ii"U,..,f.-,|k4U>.  Bats] 
iii.i  N)  luiioli  na  uiw  foot  in  a  oeDtuy. 
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agents  in  past  times,  we  require  to  take  into  account  the  complicated 
effects  that  would  arise  from  the  upheaval  or  depression  of  the  earth's 
omst  If  frequent  risings  of  the  land,  or  elevations  of  the  sea-floor  into 
laiid,  had  not  taken  place  in  the  geological  past,  there  could  have  been 
no  great  thickness  of  stratified  rocks  fonned,  for  the  first  continents  must 
Boon  have  been  washed  away.  But  the  great  depth  of  the  stratified  part 
of  the  earth's  crust,  and  the  abundant  breaks  and  uncouformabilities 
among  the  sedimentary  masses,  show  how  constantly,  on  the  one 
hand,  the  waste  of  the  land  was  compensated  by  elevatory  movements, 
wliile,  on  the  other,  the  continued  upward  growth  of  vast  masses  of 
sedimentary  deposits  was  rendered  possible  by  prolonged  depression  of 
the  sea-bed. 

When  a  mass  of  land  is  raised  to  a  higher  level  above  the  sea,  a 
larger  surface  is  exposed  to  denudation.  As  a  rule,  a  greater  rainfall  is 
the  result,  and  consequently,  also,  a  more  active  waste  of  the  surface  by 
sulNierial  agents.  It  is  true  that  a  greater  extent  of  coast-line  is  exposed 
to  the  action  of  the  waves,  but  a  little  reflection  will  show  that  this 
uicrease  will  not,  on  the  whole,  bring  with  it  a  proportionate  increase 
in  the  amount  of  marine  denudation.  For,  as  the  land  rises,  the  clifis 
ai^  removed  from  the  reach  of  the  breakers,  and  a  more  sloping  beach 
is  produced,  on  which  the  sea  cannot  act  with  the  same  potency  as  when 
it  heats  against  a  clifi'  lino.  Moreover,  as  the  sea-floor  approaches  nearer 
the  surface  of  the  water  it  is  the  former  detritus  washed  off  the  laud,  and 
deposited  under  the  sea,  which  first  comes  within  the  reach  of  the  currents 
and  waves.  This  serves,  in  some  measure,  as  a  protection  to  the  solid 
rock  below,  and  must  be  cut  away  by  the  ocean  before  that  rock  can  be 
©X  posed  anew.  While,  therefore,  elevatory  movements  tend  on  the  whole 
to  accelerate  the  action  of  subaerial  denudation,  they  in  some  degreo  check 
tlie  natural  and  ordinary  influence  of  the  sea  in  wasting  the  land.  Again, 
tlie  influence  of  movements  of  depression  will  probably  be  found  to  tend 
i^  an  opposite  direction.  The  lowermg  of  the  general  level  of  the  land 
'^^iU,  as  a  rule,  help  to  lessen  the  rainfall,  and  consequently  the  rate 
o^  Bubaerial  denudation.  At  the  same  time,  it  will  aid  the  action  of  the 
''^^ves,  by  removing  under  their  level  the  detritus  produced  by  them  and 
^^ped  up  on  the  beach,  and  by  thus  })ringing  constantly  within  reach 
^^  the  sea  fresh  portions  of  the  land-surface.  But  even  with  thcso 
^^^antages  in  favour  of  marine  denudation,  the  balance  of  power  will, 
^**  the  whole,  remain  always  on  the  side  of  the  subaerial  agents. 

4.  Marine  Denudation — its  final  result, 

^The  general  result  of  the  erosive  action  of  the  sea  on  the  land  is  the 
*^-*^Oclxiction  of  a  submarine  plain.  As  the  sea  advances,  the  sites  of  succcs- 
^^'^e  lines  of  beach  pass  under  low-water  mark.  Where  erosion  is  in  full 
^P^ration,  the  littoral  belt,  as  far  down  as  wave-action  has  influence,  is 
^?^xind  down  by  moving  detritus.  This  result  may  often  be  instruc- 
^^'Voly  observed,  on  a  small  scale,  upon  rocky  shores  where  sections  liko 
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that  in  Fig.  1G8  occiir.    We  can  conceive  that,  should  no  chanf^of  leveX 
between  sen  and  land  take  place,  the  sea  might  slowly  eat  its  way  &.^ 
into  the  land^  and  produce  a  gently  sloping,  yet  apparently  almost  hor^ 
zontal  selvage  of  plain,  covered  permanently  by  the  waves.     In  such 
submarine  plain,  the  influence  of  geological  structure,  and  notably  of  t\^ 
relative  powers  of  resistance  of  di£ferent  rocks,  would  make  itself  conavj/. 
cuous,  as  may  be  seen  even  on  a  small  scale  on  any  rocky  beach  (Fig.  li>l>). 
The  present  promontories  caused  by  the  superior  hardness  of  tbcir 
component  rocks  would  no  doubt  1)0  representod  by  ridges  on  the  bx}/). 
aqueous  plateau,  while  the  existing  bays  and  creeks  worn  out  of  softer 
rocks  would  be  marked  by  lines  of  valley  or  hollow.^ 

This  tendency  to  the  formation  of  a  submarine  plain  along  the  mai^'n 
of  the  land  deserves  special  attention  by  the  student  of  denudatiou. 
The  angle  at  which  a  mass  of  land  descends  to  the  sea-level  semB 
roughly  to  indicate  the  depth  of  water  near  shore.  A  precipitous  coa>t 
commonly  rises  out  of  deep  water ;  a  low  coast  is  usually  Airted  with 
sliallow  water,  the  lino  of  slope  above  sea-level  being  in  a  general  way 
prolonged  below  it.  The  belt  of  beach  foims  a  kind  of  terrace  or  notch 
along  the  maritime  slope.  Sometimes,  where  the  coast-line  is  preci- 
pitous, this  terrace  is  nearly  or  wholly  wanting.    In  other  places,  it 


Fir;.  1C8. — Section  of  rocks  ground  down  to  a  plain  on  the  beach  by  wave-action. 

runs  out  a  good  way  bej^ond  low- water  mark.  On  a  great  scale,  tho 
floor  of  the  North  Sea  and  that  of  the  Atlantic  Ocean,  for  some  distauce 
to  the  west  of  Ireland,  may  bo  regarded  as  a  marine  platform  that  once 
formed  part  of  the  European  continent  (Fig.  IGO),  and  has  been  reduct<l 
by  denudation  and  subsidence  to  its  present  position. 

So  far  as  tlie  present  regime  of  nature  has  been  explored,  it  would 
seem  to  bo  inevitable  that,  unless  where  sul  »torranean  movements  interferci 
or  where  volcanic  rocks  are  poured  forth  at  the  surface,  a  submanno  jjlaii^ 
should  be  foniicd  along  the  margin  of  the  land.  This  final  result  of 
denudation  has  been  achieved  again  and  again  in  the  geological  past,  ^ 
is  sliown  by  the  existence  of  table-lands  of  erosion  {ante,  p.  42).  To  thc-se 
table-lands  tlie  name  of  "  plains  of  marine  denudation  "  has  l>een  aj^pli*^ 
by  Sir  A.  C.  Ranisav.  From  wliat  has  now  been  said,  however,  it  will  1* 
se(;n  that  in  their  actual  production  the  sea  has  really  had  less  to  do  than 
tho  iiioteoric  agents.  A  "plain  of  marine  denudation"  is  that  sea-levJ 
to  which  a  mass  of  land  liad  been  reduced  mainly  by  the  subaerial  forces-" 
the  line  below  which  further  degradation  became  im2X)6sible,  Ix^caiinotbo 

'  Mr.  Wliitikcr,  in  tlie  excellent  i)aiHT  on  sulwerial  denudHtion  cited  on  p.  ^^' 
lia8  pointed  out  the  different  rcsnlta  which  are  obtained  l>y  the  siiliaerial  forces  f'^^'" 
\\\*mt  of  nea-action  in  the  prcnlnction  of  lines  of  cliff. 
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TU  thereafter  protected  by  being  covered  by  the  soa.  Undonbt- 
the  last  toiicbcB  in  the  long  prooesB  of  scnlpturing  were  given  by 
ne  waves  and  curronta,  and  the  anrfaco  of  tlio  jdain,  save  where  it  has 
ided,  may  corrospond  generally  with  the  lower  limit  of  wave-action, 
eitheless,  in  the  past  history  of  our  planet,  the  inflaonco  of  the  ocean 


cQjnqcl  bgtKWn  Kotwaj  and 


■rtiR  tin!  npn-wnU 
\rr  ilrplbf.    The  flpim  mark  (fac 
tiiiirk  In  'JS'O  r«t  dwp. 

probably  been  fur  moro  conservative  than  doBtnictivc.  Ttonoal.h 
reach  of  thu  wavcB,  the  enrfaco  of  the  abi-adcd  land  has  eseapod  the 
olitioii  which  sooner  or  latur  overtakes  all  that  riscB  above  thoni. 

.").  D-'ponilion — Ote  frame iBork  of  neie  lari'l. 
[f  a  Bnrvfcj'  of  the  f;oiilii};it:al  changCH  iti  daily  progress  upon  tho 
we  of  thi)  earth  loadH  ns  to  realise  how  niomcutously  tho  land  is 
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being  worn  down   by  tbo  various  opigene  agents,  it  onglit  alflo 
impresB  us  with,  tho  vast  scalo  on  wliicb  now  fomiationB — ^the  foundatia^^Bi 
of  future  land — are  being  continually  accumulated.    Every  foot 
rock   removed   from   the  surface  of  a  country  is  represented  by 
corresponding  amount  of  sedimentary  material  arranged  Bomewl 
beneath  the  sea.    Denudation  and  deposition  are  synohronous  and 
equal. 

On   land,  vast  accumulations  of  detrital  orism  are  now  in 
gross.    Alluvial  plains  of  every  size,  from  those  ot  mere  brooks  up 
those  of  the  largest  rivers,  are  built  up  of  gravel,  sand,  and  mi 
derived  from  the  disintegration  of  higher  ground.    From  the  level 
the  present  streams,  successive  terraces   of  these   materials   can 
followed  up  to  heights  of  several  hundred  feet.    Over  wide  regions, 
daily  changes  of  temperature,  moisture  and  wind  supply  a  oontinnal  di 
which,  in  the  oourse  of  centuries,  has  accumulated  to  a  depth  of  sometiii:^< 
1500  feet,  and  covers  thousands  of  square  miles  of  the  sor&oe  of 
continents.    The  numerous  lakes  that  dot  tho  surface  of  the  land 
as  receptacles  in  which  a  ceaseless  deposition  of  sediment  takes  pla^^^o. 
Already  an  unknown  niunber  of  once  existent  lakes  has  been  entirely 
filled  up  with  detrital  accumulations,  and  every  stage  towards  extincim^on 
may  be  traced  in  those  that  remain. 

But  extensive  though  the  terrestrial  sedimentary  deposits  may 
they  can    be    regarded   merely  as  temporary   accumulations   of 
detritus.     Save  where   protected  and  concealed   under  the  water      of 
lak(?8,  they  are  everywhere  exposed  to  a  renewal  of  the  denudation,     to 
wliich  they  owe  their  origin.    Only  where  the  sediment  is  strewn  o^ver 
tho  Hca-floor  beneath  the  limit  of  breaker-action,  is  it  permitted      to 
accumulate  undisturbed.    In  tliese  quiet  depths,  are  now  growing  "the 
shales,  sandstones,  and  limestones,  which  by  future  terrestrial  revolutions 
will  be  raised  into  land,  as  those  of  older  times  have  been.    Betw^^on 
the  modem  deposits  and  those  of  former  sea-bottoms  which  have  b€3on 
upheaved,   there  is   the  closest  parallel.      Deposition  will  obvioa^y 
continue  as  long  as  denudation  lasts.    The  secular  movements  of  'fch^ 
crust  seem  to  have  been  always  sufficiently  frequent  and  extensive    *^ 
l)revent  cessation  of  these  operations.     And  so  we  may  anticipate  tl**^ 
it  will  be  for  many  geological  ages  yet  to  come.    Elevation  of  1^^^ 
will  repair  what  has  been  lost  by  su2>erficial  waste,  and  subeidenco    ^^ 
sea-bottom  will  provide  space  for  continued  growth  of 
deposits. 


Section  ill.  Life. 


e 


Among  the  agents  by  which  geological  changes  are  now,  and 
in  past  time  been  oflfected  upon  the  earth's  surface,  living  organic 
take  by  no  means  an  unimportant  place.     They  serve  as  a  vehicle    - 
continual  transferences  from  the  atmosphere  into  the  mineral  world,  e^^^-* 
from  the  mineral  world  back  into  the  atmosphere.    Thus,  they  decomp^^       * 
atmospheric  carbon-dioxide,  and  in  this  process  have  gradually  romo"^' 


Swnr.  iil  f  1.]      GEOLOGICAL  ACTION  OF  PLANTS.  437 


from  {he  atmosphere  the  vast  volumes  of  carbon  now  locked  \vp  within 
the  earth's  crust  in  beds  of  solid  coal.  By  their  decomposition,  organic 
adds  are  produced  which  partly  enter  into  mineral  combinations,  and 
partlj  return  to  the  atmosphere  as  carbon-dioxide.  Plants  abstract 
from  the  soils  silica,  alkalies,  calcium-phosphate  and  other  mineral 
mibstances,  which  enter  largely  into  the  composition  of  the  hard  2)arts 
of  animals.  On  the^eath  and  decomposition  of  animals,  these  substances 
are  onoe  more  relented  to  the  inorganic  world,  thence  to  enter  upon 
a  new  circulation  through  the  tissues  of  living  organisms. 

From  a  geological  point  of  view,  the  operations  of  organic  life 
tnay  bo  considered  under  three  aspects — destructive,  conservative,  and 
^productive. 

§  1.  Destructive  Action. 

Plants  in  several  ways  promote  the  disintegration  of  rocks. 

1.  By  keeping  the  surfaces  of  rocks  moist,  plants  provide  means  for 
he  continuous  solvent  action  of  water.  This  influence  is  particularly 
ibeervable  among  liverworts,  mosses  and  similar  moisture-loving  plants. 

2.  By  their  decay,  plants  supply  an  important  series  of  organic  acids, 
thich  exert  a  powerful  influence  upon  soils,  minerals  and  rocks.  The 
itUDus,  or  organic  portion  of  vegetable  soil,  consists  of  the  remains  of 
slants  and  animals  in  all  stages  of  decay,  and  contains  a  complex  series 
f  organic  compounds  still  imperfectly  understood.  Among  these  are 
Umic,  crenic  and  apocrenic  acids,  llie  action  of  these  organic  acids 
\  twofold.  (1.)  From  their  tendency  to  oxidation,  they  exert  a  markedly 
Cueing  influence  (ante,  p.  318).  Thus  they  convert  metallic  suli^hates 
ito  sulphides,  as  in  the  blue  marine  muds,  and  the  abundant  pyritous 
Lcmstations  of  coal-seams,  shell-bearing  clays,  and  even  sometimes  of 
line-timbers.  Metallic  salts  are  still  further  reduced  to  the  state  of 
ative  metals.  Native  silver  occurs  among  silver  ores  in  fossil  wood 
nong  the  Permian  rocks  of  Hesse.  Native  copper  has  been  frequently 
oticed  in  the  timber-props  of  mines  ;  it  was  found  hanging  in  stalactites 
•cm  the  timbers  of  the  Ducktown  copper  mines,  Tennessee,  when  the 
lines  were  re-opened  after  being  shut  up  during  the  civil  war.  Fossil 
ahes  from  the  Kupferschiefer  have  been  encrusted  with  native  copper, 
nd  fish  teeth  have  been  obtained  from  Liguria  completely  replaced  by 
his  metal.  (2.)  They  exert  a  remarkable  power  of  dissolving  mineral 
uhetances.^  This  phase  of  their  activity  has  probably  been  under- 
''alued  by  geologists.^  Experiments  have  shown  that  many  of  the 
^mmon  minerals  of  rocks   are  attacked   by  organic  acids.     There  is 

*  Professor  RoUaa  has  notic^l  the  formation  of  minuto  homisphorical  pits  on  limc- 
**«»  by  the  solvent  action  of  a  lichen,  Verrucaria  rupeslris  {Brit.  Assoc.  1880,  soots. 

*  This  has  recently  been  strongly  insiated  upon  by  A.  A.  Julieu  in  a  memoir  on  tho 
^logical  Action  of  the  Ilumus  Acids.  Amer.  Assoc.  1879,  p.  311.  Professor  II.  C. 
BoboQ  hascxpcrimentod  on  tlio  action  of  citric  acid  on  200  different  mineral  species,  and 
be  Ibdi  that  this  organic  acid  poBsesses  a  power  of  dissolving  minerals  only  slightly  less 
^  fhaX  of  hydrochloric  acid :  Brit.  Assoc.  1880,  soots,  p.  505. 
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reason  to  believe  that  in  the  decomposition  effected  by  meteoric  waten; 
and  usually  attributed  mainly  to  the  operation  of  carbonic  add,  tk 
initial  stiigcs  of  attack  are  due  to  the  powerful  solvent   capacities  0/ 
the  humus  acids.     Owing,  however,  to  the  facility  with  which  these 
acids  pass  into  higher  states  of  oxidation,  it  is  chiefly  as  carbonates 
that  the  results  of  their  action  are  carried  down  into  deej>er  parts  of  the 
crust  or  brought  up  to  the  surface.    Although  carbonic  acid  is  no  douht 
the  final  condition  into  which  these  unstable  organic  acids  pass,  jet 
during  their  existence,  they  attack  not  merely  alkalies  and  alkaline 
earths,  ])ut  even  dissolve  silica.     The  relative  proportion  of  silica  in 
river- waters  has  been  referred  to  the  greater  or  less  abundance  of  hnmns 
in  their  hydrographical  basins,^  the  presence  of  a  large  i)ercontage  of 
silica  being  a  concomitant  of  a  large  j^roportion  of  organic  matter. 
Further  evidence  of  the  important  influence  of  organic  acids  upon  the 
solution  of  silica  is  supi)lied  by  many  siliceous  deposits  (p.  456). 

Wherever  a  layer  of  humus  has  spread  over  the  surface  of  the  knd, 
traces  of  its  characteristic  decompositions  may  be  found  in  the  soils,  sub- 
soils  and  underlying  rocks.  Next  the  surface,  the  normal  colour  of  the 
subsoils  is  usually  changed  by  oxidation  and  hydration  into  tints  of 
brown  and  yellow,  the  lower  limit  of  the  weathered  zone  being  often 
sharply  defined.  Where  the  humous  acids  can  freely  attack  the 
hydrated  peroxide  of  iron,  they  remove  it  in  solution,  and  the  decompofwl 
rock  or  soil  is  thereby  bleached.  This  may  be  observed  where  pine-trocs 
grow  on  ferruginous  sand,  a  rootlet  one-sixth  of  an  inch  in  diameter  being 
by  its  decay  capable  of  whitening  the  sand  to  a  distance  of  from  one  to 
two  inches  around  it.^  It  has  recently  been  proposed  to  ascrilK)  mainly 
to  the  operation  of  the  humous  acids,  the  thick  layer  of  decomposed  rock 
above  (p.  325)  noticed  as  observable  so  frequently  south  c)f  the  limits  of 
the  ice  of  the  Glacial  Period,  and  the  inference  has  been  drawn  that,  even 
where  the  surface  is  now  comparatively  barren,  the  mere  existence  of 
this  thick  decomposed  layer  affords  a  presumption  that  it  once  underlay 
an  abundant  vegetation,  such  as  a  heavy  primeval  forest-growth.^  NoriB 
the  chemical  action  confined  to  the  superficial  layers.  The  (►rganic  aciiis 
are  carried  down  beneath  the  surface,  and  initiate  that  series  of  altera- 
tions which  carbonic  acid  and  the  alkaline  carbonates  effect  among 
subterranean  rock-masses  {ante,  p.  335). 

3.  Plants  insert  their  roots  or  branches  between  the  joints  of  rock, 
or  penetrate  beneath  the  soU.  Two  marked  effects  are  traceable  to 
this  action.  In  the  first  place,  large  slices  of  rock  may  Ixi  wedge^i 
off  from  the  sides  of  wooded  hills  or  cliffs.  Even  among  old  ruins, 
an  occasional  sapling  ash  or  elm  may  l)e  found  to  liave  caet  its  roots 
round  a  portion  of  the  masonry,  and  to  be  slowly  detaching  it  from 
the  rest  of  the  wall.  In  the  second  place,  the  soil  and  subsoil  ^ 
oi)enod   \\\)  to   the  decomposing  influences  of  the  air  and  descending 

*  Sterry  Hunt't*  *  Chemical  and  Geological  Essava/  pp.  12G-150. 

*  Kindier,  Foggend,  Amial  xxxviL  (1830),  p.  203.    J.  A.  Pliillipi*,  *  Ore  VcpoA^' 
1884,  p.  14.  «  Julien,  Amcr.  A$9Qc,  1879,  p.  378. 
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ater.  The  difitance  to  wliich,  under  favourable  ciroumstances,  roots 
lay  penetrate  downward  are  mucli  greater  than  might  bo  supposed, 
"hug  in  the  loess  of  Nebraska  the  buflfalo-berry  (Shepherdia  argophylla) 
as  been  observed  to  send  a  root  55  feet  down  from  the  surface,  and 
1  that  of  Iowa  the  roots  of  grasses  penetrate  from  5  to  25  feet.^ 

4.  By  attracting  rain,  as  thick  forests,  woods  and  mosses,  more 
•rticolarly  on  elevated  ground,  are  believed  to  do,  2)lants  accelerate 
he  general  scouring  of  a  country  by  running  water.  The  indiscri- 
ninate  destruction  of  the  woods  in  the  Levant  has  been  assigned, 
rith  much  plausibility,  as  the  main  cause  of  the  present  desiccation  of 
hat  region.^ 

5.  Plants  promote  the  decay  of  diseased  and  dead  j^lants  and  animals, 
« when  fungi  overspread  a  damp  rotting  tree  or  the  carcase  of  a  dead 
laimal. 

AnJTnalfl. — The  destructive  influences  of  the  animal  kingdom  like- 
rise  show  themselves  in  several  distinct  ways. 

1.  The  surface-soil  is  moved,  and  exposed  thereby  to  attack  by 
aiOfWind,  &c.  As  Darwin  showed,  the  common  earth-worm  is  con- 
innally  engaged  in  bringing  up  the  fine  particles  of  soil  to  the 
taboe.  He  found  that  in  fifteen  years  a  layer  of  burnt  marl  had  been 
oried  under  3  inches  of  loam,  which  ho  attributed  to  this  operation.^ 
t  has  been  already  pointed  out  that  part  of  the  growth  of  soil  may 
B  due  to  wind-action  {ante,  p.  32(3).  There  can  be  no  doubt,  how- 
rer,  that  the  materials  of  vegetable  soil  are  largely  commingled  and 
rtilised  by  the  earth-worm,  and  in  particular  that,  by  being  brought 
)  to  the  surface,  the  fine  particles  are  exposed  to  meteoric  influences ; 
itably  to  wind  and  rain.  Even  a  grass-covered  surface  may,  from 
is  cause,  suffer  a  slow  denudation. 

BuiTOwing  animals,  by  throwing  up  the  soil  and  subsoil,  expose 
e«o  to  be  dried  and  blown  away  by  the  wind.  At  tlie  same  time, 
eir  subterranean  passages  servo  to  drain  off  the  superficial  water, 
A  to  injure  the  stability  of  the  surface  of  the  ground  above  them.  In 
ritain,  the  mole  and  rabbit  are  familiar  examples.  In  North  America, 
e  prairie  dog  and  gopher  have  undeiinined  extensive  tracts  of 
ksturc-land  in  the  west.  In  Cape  Colony,  wide  areas  of  open 
»untry  seem  to  be  in  a  constant  state  of  erui)tion  from  the  burrowing 
)erations  of  multitudes  of  Balhyergi  and  Chrysochlorts — small  mole- 
ko  animals  which  bring  up  the  soil  and  bury  the  grassy  vegetation 
ndcrit.  The  decomposition  of  animal  remains  gives  rise  to  some  of 
ae  same  chemical  changes  as  have  been  already  mentioned  in  connection 
vith  the  decay  of  2)lantH. 

2.  The  flow  of  streams  is  sometimes  interfered  with,  or  even 
Averted,  by  the  operations  of  animals.     Thus  the  beaver,  by  cutting 


Sor. 
&  (1879).    The  desiructiou  of  furcstB  is  also  alleged  to  iucrcasc  the  iiutubcr  uud 
KTeriW  of  hail-stormi}. 
,   •  Tran$,  Ged.  Soo.  v.  p.  505.    •  Vegetable  Mould,'  1881. 
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(luWD  treoH  (tiomctimuB  ouo  foot  or  more  in  diameter)  and  ooustracdi^ 
tlnma  with  the  stems  and  brancbos,  checks  the  flow  of  waterconna, 
iuterceptH  fluatiug  inaturials,  and  sometimes  even  divorts  tho  water  iolo 
new  cbaimels.  Tliis  aetioQ  is  typically  displayed  in  Canada  and  in  the 
Rueky  fountain  regions  of  the  United  States.  Tbonsand  of  urn 
in  many  Talleys  have  been  converted  into  lakes,  which,  intercepting  tk 
sediment  carried  duwn  by  tbe  streams,  and  being  likewise  invaded  bf 
marshy  vegetation,  have  subsequently  become  morass  and  finall; 
meadow-land.  The  extent  to  which,  in  these  regions,  the  aUnriil 
formations  of  valleys  have  been  modified  and  extended  by  the  operations 
of  tho  beaver,  is  almost  incrcdibla  The  embankments  of  the  Hieonpia 
are  sometimes  weakened  to  such  an  extent  by  the  bnrrowings  of  tbs 
cray-fisli  as  to  give  way,  and  allow  the  river  to  inundate  the  surrounding 
country.  Similar  results  have  happened  in  Europe  from  the  subter- 
ranean operations  of  tats. 

3.  Some  mollusks  (Pftolos,  Saxieaea,  Teredo,  See.,  Fig.  170)  bore 
into  stone  or  wood,  and  by  the  number  of  contiguous  perforstioiii 
greatly  weaken  the   matoriahi.     Fieoes   of  drift-wood  are  soon  ridcM 

with  long  holes  by  the  lerodo;  while 
wooden  piers,  and  the  bottoms  of  wooden 
ships,  are  often  rapidly  perforated.  Saii- 
cavons  shells,  by  piercing  stone  and  liv- 
ing open  cavities  for  rain  and  sca-mter 
to  fill,  promote  its  decay.  A  potent  cat* 
of  tho  destruction  of  coral-reefs  is  to  bo 
found  in  the  borings  of  moUuskg,  w- 
nolids  and  cchiuodenns,  whereby  masW 
ng.  no.-sbeii-b(.rii)gs  lu  iiiaiHtoiw.  of  coral  are  weakened  so  as  to  be  mure 
easily  removed  by  breakers, 

4.  Many  animals  exerciMe  a  ruinouBly  destructive  influence  upon 
vogotation.  Of  tho  various  inacct-plagucs  of  this  kind  it  will  be 
enough  to  enumerate  the  locust,  phylloxera,  and  Colorado  beetle- 
Tho  pasture  in  some  parts  of  the  south  of  Scotland  lios  in  recent 
years  been  much  damaged  by  mico,  which  havo  increased  in  mimbsn 
owing  to  the  indiscriminate  shooting  and  trapjiing  of  owls,  hawl» 
and  other  prodaccous  creatures.  Grasshoppers  cause  tlie  destruotion 
of  vegetation  in  some  parte  of  Wyoming  and  otlicr  Western  Territoriw 
of  tho  United  States.  The  way  in  wliich  animals  destroy  <^ 
other,  often  on  a  groat  scale,  may  likewise  be  included  among  the 
geological  oiwratioiis  now  under  description. 

5  2.   Couscrvativo   Action. 

Plants.— Tho  protective  influence  of  vegetation  is  well  known, 

!•  The  formation  of  a  stiatuiu  of  turf  protette  soil  and  rocks  &u* 

tielng  rapidly  removed   by   rain   or    wind.     Hence   tho   surface  of  » 

diitiict  BO  protected  ia  denuded  with  extreme  slowness,  eioupt  along 
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He  lines  of  its  water-courses.    A  crust  of  lichens  doubtless  on  the  whole 
lotects  the  rock  underneath  it  from  atmospheric  agents.^ 

2.  Many  plants,  even  without  forming  a  layer  of  turf,  serve  by 
heir  roots  or  branches  to  protect  the  loose  sand  or  soil  on  which 
they  grow  firom  being  removed  by  wind.  The  common  sand-carex 
ind  other  arenaceous  plants  bind  littoral  sand-dunes,  and  give  them 
a  pennanence  which,  would  at  once  be  destroyed  were  the  sand  laid 
bare  again  to  the  storms.  In  North  America,  the  sandy  tracts  of  the 
WeBtem  Territories  are  in  many  places  protected  by  the  sage-brush 
and  grease-wood.  The  growth  of  shrubs  and  brushwood  along  the 
00OIB6  of  a  stream  not  ouly  keeps  the  alluvial  banks  from  being  so 
eaiily  undermined  and  removed  as  would  otherwise  be  the  case,  but 
Knrea  to  arrest  the  sediment  in  floods,  filtering  the  water,  and  thereby 
adding  to  the  height  of  the  flood-plain.  On  some  parts  of  the  west 
coast  of  France,  extensive  ranges  of  sand-hills  have  been  planted  with 
pine  woods,  which,  while  preventing  the  destructive  inland  march  of  the 
■and,  also  yield  a  large  revenue  in  timber,  and  have  so  influenced  the 
<&ate  as  to  make  these  districts  a  resort  for  pulmonary  invalids.^  In 
tajpical  countries,  the  mangrove  grows  along  the  sea-margin,  and  not  only 
protects  the  land,  but  adds  to  its  breadth,  by  forming  and  increasing  a 
i&aritime  alluvial  belt. 

8.  Some  marine  plants  likewise  a£ford  protection  to  shore  rocks.  This 
>«  done  by  the  hard  incrustation  of  calcareous  nullipores;  likewise  by 
tie  tangles  and  smaller  fuci  which,  growing  abundantly  on  the  littoral 
^ono,  break  the  force  of  waves,  or  diminish  the  effects  of  ground-swell. 

4.  Forests  and  brushwood  protect  soil,  especially  on  slopes,  from 
being  washed  away  by  rain.  This  is  Bho>vn  by  the  disastrous  results 
dfthe  thoughtless  destruction  of  woods.  According  to  Roclus,^  in  the 
three  centuries  from  1471  to  177G,  the  "  viguerios,"  or  provostry-districts 
rf  the  French  Alps,  lost  a  third,  a  half,  and  even  three-fourths  of  their 
cultivated  ground,  and  the  population  has  diminished  in  somewhat 
dnular  proportions.  From  1836  to  18G6  the  departments  of  Hautes 
and  Basses  Alpes  lost  25,000  inhabitants,  or  nearly  one-tenth  of  their 
population — ^a  diminution  which  has  with  plausibility  been  assigned  to 
the  reckless  removal  of  the  pine  forests,  whereby  the  steep  mountain 
mdes  have  been  washed  bare  of  their  soil.  The  desiccation  of  the 
countries  lK)r(loring  the  eastern  Mediterranean  has  been  ascribed  to  a 
«milar  cause.'* 

*  But  see  tho  remark  already  made,  ante^  p.  437,  note. 

*  Do  Lavcrgiic,  *  Economic  ruralc  do  la  Franco  depuis  1780,'  p.  297,  Edin.  Heview, 
^  1864,  orticio  on  Coniferous  Trees. 

'  *Lft  Terre'  p.  410.  J.  0.  Brown,  'Reboisemont  en  France,'  London  187G. 
-Aflwrding  to  Dr.  J.  Garret,  however,  the  deterioration  of  tho.  climate  of  Savoy  and 
Uje  diminntion  of  the  population  there  cannot  bo  attributed  to  deboisement.  Tho 
^''^tting'down  of  the  forests  dates  from  the  first  Empire,  but  replanting  has  been  going 
^  ^  tome  time,  and  the  forest  area  is  now  a  little  larger  than  it  was  last  century. 
Nevertheless  tho  depopulation  of  the  higher  tracts,  which  had  begun  before  last  century, 
^^^i&megy  notwithstanding  the  replanting  of  the  slopes :  Assoc  FratifatM,  1879,  p.  538. 
J*  Beoent  attempts  to  reclothe  the  dcsiocated  stone-wastes  of  Balmatia  with  trees 
^  been  attended  with  success.    See  Mojsisovics,  Jalurb,  Oeol.  Seicheanst  1880,  p.  210 . 
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5.  In  mountain  districts,  pine-forests  exercise  also  an  important 
cousorvativo  function  in  preventing  the  formation  or  arresting  the 
pfogrosB  of  avalanches.  In  Switzerland,  some  of  the  forests  which  cross 
the  linos  of  frequent  snow-falls  are  carefully  preserved. 

Animals  do  not  exert  any  important  conservative  action  upon  the 
earth's  surface,  save  in  so  far  as  they  form  new  deposits,  as  will  be 
immediately  referred  to.     In  the  prairie  regions  of  Wyoming  and  othe 
tracts  of  North  America,  some  interesting  minor  e£fects  are  referable 
the  herds  of  roving  animals  which  migrate  over  these  territories.     Thi 
trails  made  by  the  bison,  the  elk,  and  the  big-horn  or  mountain-sheep 
are  firmly- trodden  tracks  on  which  vegetation  will  not  grow  for  man; 
years.     AH  over  the  region  traversed  by  the  bison,  numerous  circular^, 
patches  of  grass  are  to  be  seen  which  have  been  foimed  on  the  hollow 
where    this    animal    has    wallowed.      Originally    they    are    shallo 
depressions,  formed  in  great  numbers  where  a  herd  of  bisons  has  reste 
for  a  time.     On  the  advent  of  the  rains  they  become  pools  of  wate 
thereafter  grasses  spring  up  luxuriantly,  and  so  bind  the  soil  togeth 
that  these  grassy  patches,  or  "  bison- wallows,"  may  actually  beoo; 
slightly  raised  above   the    general  level,  if  the  surrounding  gronir 
becomes  parched  and  degraded  by  "winds.*     In  the  sea,  serpnlso  ofi 
eucnist  considerable  masses  of  a  cural-i*eef,  and  act  like  nullipores, 
protecting  decaying  and  dead  corals  from  being  so  rapidly  broken  up 
the  waves  as  they  would  otherwise  be. 

§  3.   Kep reductive  Action. 

Plants. — Both   plants  and  animals   contribute  materials  towi 
now  geological  formations,  chiefly  by  the  aggregation  of  their  remai' 
partly  from  their  chemical  action.     Their  remains  are  likewise  ench 
in  deposits  of  sand  and  mud,  the  bulk  of  which  they  thus  help  to  inci 
Of  i^lant  formations  the  following  illustrative  examples  may  be  given 

1.    Ilumus,    Black    Soils,    <fec. — Long-continued   growth 
decay  of  vegetation  upon  a  land-surface  not  only  promotes  disiuteg 
tion  uf  the  superficial  rock,  but  produces  an  organic  residue,  the  inl 
mingling  of  which   with   mineral    debris   constitutes  vegetable 
Uudisturbed   through  long  ages,   this  process  has,  under   favoura' 
conditions,  given  rise  to  thick  accumulations  of  a  rich  dark  loam.     Si 
aix)  the  "  regur,"  or  rich  black  cotton  soil  of  India,  the  "  tchemayzei 
or  black  earth  of  Eussia,  containing  from  6  to  10  per  cent,  of  orga: 
matter,  and  the  deep  fertile  soil  of  the  American  prairies  and  savai 
These  formations  cover  plains  many  thousands  of  square  miles  in  exteK 
The  "tundras"  of  northern  latitudes  are  frozen  plains  of  which  ti^ — ® 
surface  is  covered  with  arctic  mosses  and  other  plants.^ 

*  Comstock,  in  Captain  Jones's,  *  Reconnaissance  of  N.W.  Wyoming,'  1875,  p.  175. 

^  It  may  be  well  to  take  note  here  again  of  the  extensive  aocumulation  of  red  loa 
in  limestone  regions  which  have  long  b^n  exposed  to  atmospheric  influenoea    To  wki 
extent  vegetation  may  co-operate  in  the  production  of  this  loam,  haa  not  been  determined. 
Fuchs  believes  that  the  ^  terra  rossa"  is  only  present  in  dry  climates  where  the  omon&t 
of  humus  ia  small  {ante,  p.  325,  and  authorities  there  cited). 
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2.  Feat-mosses  and  Bogs. — In  temperate  arid  arctic  latitudes, 

ixsuurshy  vegetation  accumulates  in  situ  to  a  depth  of  BOiuetimcs  40  or  50 

f«et,  in  what  are  termed  bogs  or  peat-mosses.     In  northern  Europe  and 

m  erica  these  vegetable  deposits  have  been  largely  formed  by  mosses, 

pecially  species  of  Sphctgnum^  which,  growing  on  hill-tops,  slopes,  and 

"valloy-bottoms  as  a  wet  spongy  fibrous  mass,  die  in  their  lower  parts  and 

s^nd  out  new  fibres  above.     Some  peaty  deposits  have  been  formed  in 

lakes,  either  by  the  growth  of  aquatic  plants  on  the  bottom,  or  by  the 

I>iecipitation  of  decaying  vegetation,  from  the  layer  of  matted  jilant- 

growth  which  creeps  from  shore  along  the  surface  of  the  water.  ^     In  some 

<5a8e8,  peat  may  possibly  have  arisen  in  brackish- water  conditions.     There 

ttre  oven  instances  cited  of  marine  peat  formed  of  sea- weeds  (^Zoster a  ^ 

-'Ww,  <fec.).^    Among  the  Alps,  as  also  in  the  northern  parts  of  South 

America,  and  among  the  Chatham  Islands,  east  of  New  Zealand,  various 

phanerogamous  plants  form  on  the  surface  a  thick  stratum  of  peat. 

A  snocession  can  sometimes  bo  detected  in  the  vegetation  out  of  -which  the  peat  has 
°®en  fonncd.  Thus  in  Europe,  among  the  bottom-layers  traces  of  rush  (JunctM),  sedge 
^^^^\  and  fescue-grass  {Feslticd)  may  bo  observed,  while  not  infrequently  an  under- 
lying layer  of  fresh-water  marl,  full  of  mouldering  shells  of  Limneay  TlanorhU  and 
^thcr  lacustrine  mollusks,  shows  that  the  area  was  originally  a  luko  wliich  has  been 
filled  up  with  vegetation.  The  next  and  cliicf  layer  of  the  peat  will  usually  bo  found 
***  Consist  mainly  of  matted  fibres  of  different  mosses,  particularly  Spluignumy  Fohj^ 
^^f^hnm,  and  Bryum,  mingled  with  roots  of  coarso  grasses  and  aquatic  plants.  The 
'^^gber  layers  frequently  abound  in  the  remains  of  heaths.  Every  stage  in  the  formation 
^*  peat  may  bo  observed  where  mosses  are  cut  for  fuel :  the  portions  at  tlie  bottom  are 
**^ore  or  leas  compact  dark-brown  or  black,  with  comparatively  little  external  appearance 
^5  Vegetable  structure,  while  those  at  the  top  are  loose,  spongy,  and  fibrous,  where  tho 
^tviog  and  dead  parts  of  the  mosses  commingle  (Fig.  171). 

It  frequently  happens  that  remains  of  trees  occur  in  peat-mosses.  Sometimes  the 
^Dots  are  imbedded  in  soil  underlying  the  moss,  showing  that  the  moss  has  formed  siuco 
'^he  g^wth  of  the  trees  (see  p.  306).  In  other  cases,  tho  roots  and  trunks  occur  in  tho 
lieart  of  the  peat,  proving  that  the  trees  grew  upon  the  mossy  surface,  and  were  finally,  on 
their  decay,  enclosed  in  growing  peat  (Fig.  172).  A  succession  of  trees  has  been  observed 
among  the  Danisli  peat-mosses,  tlie  Scotch  fir  {Pinus  sylvedris)  and  white  birch  (Betiila 
allxi)  being  characteristic  of  the  lower  layers ;  higher  portions  of  tho  peat  being  marked 
by  remains  of  the  oak,  while  at  tho  top  comes  the  common  beech.  Remains  of  trees  are 
abundant  in  the  bogs  of  Scotland  and  Ireland. 

The  rate  of  growth  of  peat  varies  within  wide  limits.    An  interesting  example  of  the 

formation  and  growth  of  ix}at-moss  in  the  latter  half  of  the  seventeenth  century  is  on 

record.'    In  the  year  1G51  an  ancient  pine-forest  occupied  a  level  tract  of  land  among 

the  hills  in  the  weat  of  Koss-shire.    The  trees  were  all  dead,  and  in  a  condition  to  bo 

blown  down  by  the  wind.    About  fifteen  years  later  every  vestige  of  a  tree  hiwl  dia- 

ftppcared,  tho  site  being  occupied  by  a  spongy  green  bog  into  which  a  man  would  sink 

lip  to  tlie  arm-pits.    Before  the  year  1099  it  had  become  firm  enough  to  yield  good  peat 

fot  fucL    In  the  valley  of  tho  Somrae,  three  feet  of  peat  will  grow  in  from  30  to  40 

years.*    On  a  moor  in  Hanover,  a  layer  of  peat  from  4  to  6  feet  thick  formed  in  about 


*  For  accounts  of  matted  vegetation  covering  lakes,  see  Land  and  Water^  187(J, 
pp.  1«<),  2X2. 

'  J.  Maccnlloch,  *  System  of  Geology,*  1831,  vol.  ii  p.  341      Sirotlot,  Cornpt.  rend. 
«UviL  f  1878),  p.  207.    Bobicrre.  Amu  Mines  7me.  scr.  x.  (187G),  p.  409. 

*  Earl  of  Cromarty,  Phil,  Trans,  xxvii. 

*  J.  Kolb,  Proc,  Lut.  Civ.  Engin.  xl.  (1875),  p.  35. 
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thirty  fMn.  Near  the  Lake  of  ConstADoe,  a  lajror  of  3  to  4  feet  grew  In  1 
AmoDg  the  DanUh  mnaeB,  a  period  of  250  la  300  jean  has  been  Teqidied  t 
lajer  10  feot  thick.  Hnob  must  depend  upon  tLe  climate,  slope,  dnduaga  i 
Some  European  pcat-mowes  are  prolmblj  of  extreme  antiquity,  haviDg  b^nn 
soon  after  the  sarfaoe  was  freed  from  the  snow  and  ice  of  the  glacial  potiod. 
hnrtx  parti  of  these  mosses,  traces  of  the  arctic  flora  which  then  orerspread  m 
the  oontineot  ate  to  be  m^  with.  In  other  instances,  the  mosses  are  at  least  a 
Boman  times.*  Change  of  climate  and  likewise  of  diainago  may  slop  the  fbn 
peat,  so  that  ahinbe  and  trees  spring  up  oa  the  Arm  snr&oe.  Along  the  Flem 
a  layer  of  peat  containing  moaaes,  rushes  and  other  freshwater  plants  is  bin 
four  or  five  feet  of  days  and  sands  with  marine  shells,  indicating  a  snbaidi 
re-eloTBtion  of  the  country,' 

Peat  moeses  cover  many  thousand  square  tnilea  of  Enrape  and  Htvtli  j 
Abont  one-sercnlh  of  Ireland  is  covered  with  bogs,  that  of  Allen  alone  001 
238,600  aores,  with  an  aTemge  depth  of  25  fceL    Where  lakes  are  giadnaUy  e 


Into  bogs,  the  marshy  rogetation  ad?sncea  from  the  shores,  and  someUmeB 
matted  treacherous  green  surface,  beneath  which  the  WQtars  of  the  lalce  still  1 
decayed  Tcgetable  matter  from  the  under  part  of  this  cmst  sinks  to  the  botta 
water,  forming  there  a  fine  peaty  mud,  which  slowly  grows  upward.  Event 
the  spongy  oovering  spreads  over  the  lake,  a  layer  of  brown  muddy  water  ma 
between  the  still  growing  vegetation  above  and  tlio  moddy  deposit  at  the 
Heavy  rains,  by  angnienting  this  intermediate  watery  layer,  sometimes  make  tl 
swell  np  nutil  the  matted  skin  of  mosa  bursts,  and  a  deluge  of  black  mnd  ponn 
sumunding  country.  Many  disastrous  examples  of  this  kind  have  been  witt 
Ireland  and  Scotland.  Tho  Inundated  ground  is  covered  permanently  with  a 
black  peaty  earth. 

>  Beo  H.  Dcbray  on  masses  of  Flandcra  and  north  of  France.  BatL  9 
JVanoe,  8  scr.  il.  p.  40.  Ann.  56c.  Owl.  Nord.  1870^7*,  p.  19.  Below  the  1 
Oldenburg,  Koman  coins,  weapons,  aud  plank-roads  are  found  at  a  depth  rf  13 
Upwards  (F</cnnann'a  MiUhtit.  18S9,  v.). 

*  Ann.  Mina,  7me.  s€r.  i.  p.  468. 
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Fnn  Um  tK*aluroiu  o&taro  of  theii  nufaco,  peat-nioHw  haTe  froquentl;  been  the 
e^Uolea  Ita  bodie*  of  men  and  animoU  that  rentured  upon  them.  As  peat  poaaeues 
KAt  MiUwptio  power,  theae  remain*  are  luually  in  a  state  of  esoellent  preservation. 
i  Ireland,  the  remains  of  the  eitioot  large  Irish  elk  (Megaeem  AAienieuo)  have  boon 
1^  up  from  many  of  the  bogi.  Human  voapone,  tools  and  ornaments  have  been 
MXFTsnd  abundantly  from  peat-moMec;  likewise  crannnges,  or  pile-dTelltng*  (con- 
Inetod  in  the  wigina]  lake*  that  preceded  the  mosKi),  and  canoes  hollowed  ont  of 
li^treaa.! 

3.  Mangrove-SwampB. — On  the  low  moist  abores  and  river 
BOatliB  of  tropical  oouutriea,  the  mangroTe-troe  plays  an  importast 
{Mlogical  part.  It  grows  in  Bach  Bitaations  in  a  donBO  jungle,  Bome- 
itDGfl  twenty  miles  broad,  which  fringes  the  coast  as  a  green  selvage, ' 
id  mna  np,  if  it  does  not  quite  occupy,  creeb  and  inlets.  The  man- 
"Dve  flonriBhea  in  sea-water,  even  down  to  low-water  mark,  forming 
en  n  deiiBe  thicket,  which,  aa  the  trees  drop  their  radicles  and  take 


Fig.  1)1.— Scene  Id  ■  SutlKrliindsliin  rcil-mon. 


»t,  grows  oatward  into  the  sea.  It  is  singulur  to  find  terrestrial  birds 
leafling  in  the  branches  alxive,  and  crabs  anil  bamacloB  living  among 
he  roots  below.  By  tliis  network  of  subaqueous  railiclcs  and  roots,  the 
*>ter  is  filtered  of  its  Bediraont,  wLich,  retained  amont;  the  vegetation, 
*lpg  to  turn  tlio  spongy  jniiglo  into  a  firm  soil.  On  the  coast  of 
^Wida,  the  man  grove-swam  pa  stretch  for  long  distances,  as  a  bolt  from 
^TB  to  twenty  miles  broad,  which  winds  round  the  creeks  and  inlets. 

'  On  the  FompotitioD,  structuto,  and  hiabiry  of  peat-moaies,  consult  Rcnniu's  *  Essays 
nPEat-mcaa,'  Kdinburgh,  IdlO;  Htcclc'a  'Natiiml  anil  Agricnltumi  lliBlory  of  I'uut- 
■W,'  Edinl-nrgh,  I82IJ:  Templelon,  Traiu.  Ceal.  Sm.  v.  p.  WJ8 ;  II.  Htliinz-Utssner, 
■l>«r  Torf,  *o.,'  Znrich,  1857;  Pokoray,  Vfyhaiid.  Geol.  flnVftmnrf.  Vienna,  18C0: 
*«ft,  'Htunmc,  Mamoh-,  Tori-,  und  Limonit-bilduni^^n,'  LciiaiR.  18C2;  O.  Tbenius, 
'IHs  TotfmoorD  OoBterrcichs,'  Vienna,  1874 ;  J.  GtikLe,  Tram.  Itoij.  Snc.  Edin,  xxiv. 
MA  Fni  a  list  of  plants  that  aupply  vegetable  material  for  thi;  formation  of  poal, 
M  i.  Haccullooh's  '  VcBtom  Itflands,'  vol.  L,  and  T.  Itupert  Jones,  I'roe.  OeobigUli' 
^^fckUon,  1S80,  p.  217. 
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At  Bormudo,  the  mangroTCB  co-operate  -with  grasses  anil  other  plaata  to 
choke  up  the  creeks  and  hrackisli  lukcH.  In  these  waters  calcarooDS 
alj^fo  abound,  and,  as  their  remaiuu  are  thruwn  up  amidst  the  sand  and 
vegetation,  they  foriu  a  remnrkably  calcareous  soil.' 

4.  Diatom-Earth  or  Oose. — As  tho  minute  siliceous  plantar 
called  diatoms  occur  buth  lu  fresh  and  salt  vater,  the  deposit  formed  J 
from  their  congregated  rciiiains  is  found  Imth  011  the  sites  of  lakes  and  J 
on  the  sea-floor,  "Infusorial"  earth  and  "tripoli  [lowder"  consiBtd 
mainly  of  the  frustules  and  fragmentary  doliris  of  diatoms,  which  faara^ 
accumulated  on  the  l^ttoins  of  lacuftiinc  areas.  The  purer  varietle^a 
'flontain  00  to  S'T  per  cent,  uf  silica.  Thoy  form  licds  sometimes  npward^a 
of  thirty  feat  thick.  (lUchmond,  Virginia  ;  Bilin,  Bohemia  ;  Aberdeen- 
shire.) Towards  thy  Antarctic  cirtilc  the  Challenger  met  with  Dialonuieei^m 
in  abundnnco,  liuth  iu  tho  surface  walcrs  of  tho  ocean  and  on  the  Ixittom  ^ 
TIieyfi>rm  nt  depths  of  from  l'*CO  to  1075  fathoms  a  jialc  straw  col oufcc^ 
dejKwit,  ^  1  cl  One!  s  nh  tt  an  1      O  1  gl  t  (F  g  173). 
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T).  Chemical  Deposits. — But,  besides  giving  rise  to  new 
fihrniatiiiiiB  hy  the  mere  accumulation  of  their  remains,  plants  do  so  aim 
1)utli  directly  and  indirectly  hy  originating  or  precipitating  chemical 
sdlutions.  The  most  conspicuous  example  of  this  action  is  tho  produc- 
tion of  cale-sinter.  Some  plants  (several  species  of  Chara,  for  instance) 
have  the  i>ower  of  decomposing  the  cnrl>onic  acid  dissolved  in  water, 
and  precipitating  calcium -carbon  ate  within  their  own  cell  walla.  Others 
(Kueh  as  tho  raoBses  Hi/pnnm,  Brr/tim,  rf-c.')  preci])itato  the  carbonate  as 
un  inorganic  incrustation  outside  their  own  substance.  Some  observers 
have  even  maintained  that  this  in  the  normal  niodo  of  production  of  calc- 
liinter  in  largo  masses  like  those  of  Tivoli.  It  is  certainly  remarkable 
that  this  BulMtauce  may  be  observed  encrusting  librous  bunches  of  moss 
(//jjmuM,  (fc.),whon  it  can  lie  found  in  no  other  part  of  the  water-conreo, 
and  this,  too,  at  a  spring  containing  only  0-034  of  carhonato.  It  is 
evident  that  if  the  deposit  of  calc-sinter  were  due  to  mere  evaporation, 

'  Rco  KcleoD,  Q.  J.  fleol  8oe.  ix.  p.  200,  rt  teq. ;  .1.  J.  Itcin,  Beridtl  Senekmb.  Sabaf 
Gf.  1B72-H,p.  l:i»;  Wyvillo  TLodisoii'b  ' Allnntu-,'  i.  p.  290. 
*  AIbo  pliaiionigamB,  aa  Jtannneuliu  and  I'lAiiMogi-loii. 
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^^i¥Oiild  be  more  or  less  equally  spread  along  the  edges  and  shallow 

x^  of  the  chanxiel.     It  arises  first,  from  the  decomposition  of  dissolved 

ic  acid  by  the  living  plants,  and  it  proceeds  along  their  growing 

st^^^xBS  and  fibres.     Subsequently,  evaporation  and  loss  of  carbon-dioxide 

xse  the  carbonate  to  be  precipitated  over  and  through  tho  fibrous 

L-fcer,  till  the  substance  may  become  a  solid  crystalline  stone.    Varieties 

sinter  are  traceable  to  original  differences  in  the  plants  precipitating 

Thus  at  Weissenbrunnen,  near  Schalkau,  in  Central  Germany,  a 

rv^mous  but  compact  sinter  is  made  by  Hypnum  moUuscum,  while  a 

porous  kind  gathers  upon  Didymodon  capillac^us,^ 

Some  marine  algSB,  as  above  noticed,  abstract  calcium-cai*lx>nate  from 

-water    and  build  it  up  into  their  own  substance.     A  nullipore 

(^JLtiikothamnium  nodosum)  has  been  found  to  contain  about  84  per  cent,  of 

Q&lcium-carbonate,  5j^  of  magnesium-carbonate,  with  a  little  phosphoric 

tt-ciil,  alumina,  and    oxides    of    iron    and    manganese.^      Considerable 

ftocumulations  of  such  calcareous  alga3  take  place  along  some  Rhore  lines. 

Broken  up  by  the  waves  and  thrown  ashore  with  fragmentary  shells  or 

otlier  organisms,  the  calcareous  detritus  is  cemented  into  solid  stone  by 

tho  solvent  action  of  the  carbonic  acid  of  rain  or  oceanic  water. 

In  the  formation  of  extensive  beds  of  bog-iron-ore,  the  agency  of 

^ogetable  Ufe  is  of  prime  importance.     In  marshy  fiats  and  shallow  lakes, 

^here  the  organic  acids  are  abundantly  supplied  by  decomposing  plants, 

the  salts  of  iron  are  attacked  and  dissolved.     Exposure  to  the  air  leads 

^^  th©  oxidation  of  these  solutions,  and  the  consequent  i)recipitati()n  of 

"^<5  iron  in  the  form  of  hydrated  ferric  oxide,  which,  mixed  with  similar 

conxljinations  of  manganese,  and  also  with  silica,  phosphoric  acid,  lime, 

J'^Uinina  and  magnesia,   constitutes   the  bog-ore  so   abundant  on   the 

i!^^^lands  of  North   Germany   and   other  marshy   tracts   of  northern 

^*^O|)0.^      On  the  eastern  sea-lward  of  the  United  States  largo  tracts  of 

^^"^    marsh,  lying  behind  sand-dunes    and   bars,   fonn   receptacles  for 

y^^^^li  active  chemical  solution  and  deposit.      There,  as  in  the  European 

,  ^l?-iron   districts,   ferruginous  sands  and  rocks  containing   iron   are 

,  *^o<5hed  by  the  solvent  action  of  humus  acids,  and  the  iron  removed 

«K)lution  is  chiefly  oxidized  and  thrown  down  on  the  bottom.     In 

"If^^^nce  of  the  sulphates  of  sea- water  and  of  organic  matter,  the  iron 

^^^Virruginous  minerals  is  partially  changed  into  sulphide,  which  on 

,  ^^^Jition  gives  rise  to  the  precipitation  of  bog-iron.*     The  existence  of 

^  •'^  of  iron-ore  among  geological  fonnations  afibrds  strong  presumption 

^ .  "^l^e  existence  of  contemporaneous  organic  life  by  which  the  iron  was 

^****olved  and  precipitated. 

Tlie  humus  acids,  which  possess   the   power  of  dissolving  silica, 
*    ^<^ipitate  it  in  incrustations  and  concretions.     Julien  descril)cs  hyalito 

l8r**     fi^e  V.  Schanroth,  ^.  Denhch.  Geol.  Ges.  in.  (1851),  p.  137.    CohrXy  Neiies  JaJirh, 
J-    ^■^>  p.  580,  gives  some  inicrestiDg  Information  as  to  tlio  plants  by  which  the  sinter  is 
^*^va,  and  their  work.    In  Scotland  Hypnum  commtdatum  is  a  leading  sinter-former. 
^   GUrobel,  AhhancU.  BayerUch.  Akad.  Witufemch,  xi.  1871. 

*  Forchhamracr,  Neties  Jahrh,  1841,  p.  17. 

*  JulioD,  Amer.  Assoc.  1870,  p.  347,  and  anli\  p.  422, 
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omsts  at  the  Palisades  of  the  Hudson,  due,  as  he  thinks,  to  the  action 
of  the  rich  humus  upon  the  fallen  debris  of  diabase.  The  frequent 
occurrence  of  nodules  of  flint  and  chert  in  association  with  organic 
remains,  the  common  silieification  of  fossil  wood,  and  similar  doso 
relations  1)etween  silica  and  organic  remains,  point  to  the  action  of 
organic  acids  in  the  precipitation  of  this  mineral.  This  action  may 
consist  sometimes  in  the  neutralisation,  by  organic  acids,  of  alkaline 
solutions  charged  with  silica ;  ^  sometimes  in  the  solution  and  redcposit 
of  colloid  silica  by  albuminoid  compounds,  developed  during  the  de* 
composition  of  organic  matter  in  deposits  through  which  silica  has  been^ 
disseminated,  the  deposit  taking  place  preferentially  round  some  decaying 
organism,  or  in  the  hollow  left  by  its  removal.^ 

Animals. — ^Animal  formations  are  chiefly  composed  of  the  remain^ 
of  the  lower  grades  of  the  animal  kingdom,  especially  of  McUmKCi 
Actinozoa  and  Foraminifera. 

(1)  Calcareous. — Lime,  chiefly  in  the  form  of  carbonate,  is 
mineral  substance  of  which  the  solid  parts  of  invertebrate  animals 
mainly  built  up.^     Hence  the  great  majority  of  the  accumulatic^' 
formed  of  animal  remains  are  calcareous.    In  fresh  water,  they 
represented  by  the  marl  of  lakes — a  white,  chalky  deposit  consisting    c 
the  mouldering  remains  of  MolluacOj  EntonwstracOj  and  partly  of  fre&l. 
water  alga?.    On  the  sea-bottom,  in  shallow  water,  they  consist  of  l>o<b 
of  shells,  as  in  oyster-banks.    Hero  and  there  considerable  beds    of 
broken  shells  have  been  produced  by  the  accumulation  of  the  cxcremoot 
of  fishes,  as  Verrill  has  jKjiuted  out  on  the  north-eastern  coasts  of  the 
United  States.     Deposits  of  broken  shells  rained  above  sea-level  cither 
by  breakers  and  winds  or  by  subterranean  movements,  are  solidificxi 
into  more  or  less  compact  shelly  limestone.     Extensive  beds  of  this 
nature,  composed  mainly  of  species  of  Area,  Lutraria,  Macira,  ttc,  form 
islands  fronting  the  shores  of  Florida,  and  likewise  underlie  the  soil  of 
that  State.     Some  of  the  shells  still  retain  their  colours.      The  whole 
mass  is  in  layers  1  to  18  inches  thick,  quite  soft  before  exposure  to  the 
air,  but  liardening  thereafter,  and  much  of  it  exhibiting  a  oonfiwed 
crystallization.*     It  is  known  locally  as  Coquina. 

Coral-reefs,^ — But  the  most  striking  calcareous  formatious  now  in 
progress  are  tlie  reefs  and  islands  of  coral.    These  vast  masses  of  rock  ' 
are  formed  by  the  continuous  growth  of  various  genera  and  species  ot 

*  Lccontc,  Amer,  Joum,  Sci,  1880,  p.  181. 

*  Julien.  on.  eit.  39(5.    Sollas,  Ann.  Mag.  Nat.  Higt.  Nov.  Doc.  1880. 

'  J.  y.  «uchannn  has  suggested  that  tho  testacoons  denizens  of  tlie  i» 
(iHsimilate  tliuir  limo  from  tho  ^iMuni  dissolved  in  sea-water,  forming  sulphide  in  ^ 
iut<Tior  of  tho  animal,  which  is  transfonned  into  carbonate  on  the  outside :  Brit  Atioe^ 
1881,  Hocts.  I).  584. 

*  H.  D.  lio^n,  Brit.  Auoc.  Rep.  1834.  p.  II. 

*  Seo  Darwm,  •  Tho  Stmcturo  and  Distribution  of  Coral  Islands,'  1842 ;  2nil.  edit- 
1874;  Dana,  *Gom1fl  and  Coral  IsUinds,'  1872;  Jakes'  *  Xarrative  of  Voyage  (^ 
H.M.8.  Fly,'  1847;  C.  8emper,  Zeiiach.  Wiuen.  Zool,  xiii.  (1863),  p.  558:  Vcrlat^ 


.  iiu  §  3.]  CORAL  REEFS.  441) 


oox-als,  in  tracts  where  the  mean  temperature  is  not  lower  than  68*^  Fahr. 
Coral-growth  is  prevented  by  colder  water,  and  by  the  fresh  and  muddy 
W£^ter  discharged  into  the  sea  by  large  rivers.  One  of  the  essential 
oojc&ditions  for  the  formation  of  coral-reefs  is  abundance  of  food  for  the 
re^f-builders,  and  this  seems  to  be  best  supplied  by  the  great  equatorial 
currents.  It  is  observed  that  on  the  eastern  coasts  of  Africa,  Central 
A^xnerica^  and  Australia,  bathed  by  ocean  currents,  extensive  coral-reefs 
floxirish,  while  on  the  western  coasts,  in  corresponding  latitudes,  where 
no  such  powerful  currents  exist,  only  isolated  patches  of  coral  exist. ^ 

Darwin  and  Dana  have  shown  that  reef-building  corals  cannot  live  at 

^^X^ths  of  more  than  about  fifteen  or  twenty  fathoms ;  they  appear,  indeed, 

iiot;  to  thrive  below  a  depth  of  six  or  seven  fathoms.    They  cannot  survive 

^^XToeiire  to  sun  and  air,  and  consequently  are  unable  to  grow  above  the 

fev-el  of  the  lowest  tides.     A.  Agassiz  estimates  that  in  the  Florida  reef 

^e  corals  could  build  up  a  reef  from  a  depth  of  seven  fathoms  to  the 

STirface  in  1000  or  1200  years.^     When  coral-reefs  begin  to  grow,  either 

touting  a  coast-line  or  on  a  submarine  bank,  they  continue  to  advance 

outward,  the  living  portion  being  on  the  outside,  while  on  the  inside 

^lie  mass  consists  of  dying  or  dead  coral,  which  becomes  a  solid  wliite 

^^iui»act  limestone.     In  the  coral  area  of  the  Pacific  there  are,  according 

^  iMua,  290  coral  islands,  besides  extensive  reefs  round  other  islands. 

^^he  Indian  Ocean  contains  some  groups  of  large  coral-islands.     Keefs  of 

^>ral  occur  less  abundantly  in  the  tropical  parts  of  the  Atlantic,  among 

^he  West  Indian  Islands  and  on  the  Florida  coast.     The  great  reef  of 

-Australia  is  1250  miles  long  and  from  10  to  90  miles  broad. 

Coral-rock,  though  formed  by  the  continuous  growth  of  the  polyps, 
r^i^ually  loses  any  distinct  organic  structure,  and  acquires  an  internal 
^J^'stalline  character  like  an  ancient  limestone,  owing  to  the  infiltration 
^f  water  through  its  mass,  whereby  calcium-carlKmate  is  carried  down 
*ud  de|>osited  in  the  pores  and  crevices,  as  in  a  growing  stalactite. 
Crreat  quantities  of  calcareous  sand  and  mud  are  produced  by  the 
breakers  which  beat  upon  the  outer  edge  of  the  reefs.  This  detritus  is 
partly  washed  up  upon  the  reefs,  where,  being  cemented  by  solution  and 
J'edejwsit,  it  aids  in  their  consolidation,  sometimes  acquiring  an  oolitic 
strocture ;  ^  but  much  of  it  is  swept  away  by  the  ocean  currents  and 
distributed  over  the  sea-fioor,  the  water  becoming  milky  with  it  after  a 
^t^jrui.* 

As  already  mentioned  (p.  2GG),  the  formation  of  coral-islands  has 
W'li  explained  by  Darwin  on  the  hypothesis  of  a  subsidence  of  the 
**<»-floor.      The  circular  islands,  or   atolls,  rishig   in   mid-ocean,  have 

'  A.  AgHMiz,  Ankir.  Acad.  xi.  (188*2 >,  p.  120. 
'  Aiiwr.  Acad.  xi.  (1882)  p.  129. 

*  SoeDuia*8  *Goral8  uinKJoral  IbIhuiIs,*  pp.  l.*)2,  104 ;  A.  Agiuwiz,  Mtm.  Aiun'.  Antd. 
^(1882),  p.  128. 

*  A  Agansiz  inuiitions  that  ufter  u  Btorm,  Uh;  hou  U  BoinetimcB  discoloured  1>y  this 
Jvttoft  diftance  of  six  to  teu  miles  from  the  outer  reef,  aud  he  adds  tliat  he  has  seen 
^weea  two  and  three  iuches  of  fine  silt  deposited  in  the  interval  between  two  tides 
^ipn^gedittorm:  Amer.  Acad.  xi.  p.  12«J. 


:  i^  Fij.  ;~4. 
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that  tiie  sitea  of  these  coral  reefs  had  undergone  a  progressive 

ice,  the  rata  of  their  upward  growth  keeping  pace,  on  the  whole, 

it  of  their  deprcesion.  In  this  view, 

termed  a  Friiiging  Reef  (a  b.  Fig.  ,•' 

old  first  be  formed  fronting  the  .-'' 

)  between  the  limit  of  the  20-         i 

line  and  tho  sea-level  («  >).   Grow-  | 

fard  until  it  reached  the  sur&ce 

rater,  it  would  be  exposed  to  the 

the  waves,  which  -would  break  off 

f  the  coral  and  heap  them  apon 

'.     In   this  way,  islets  would  bo 

npon  it,  which,  by  BiicceBsive  ac- 

ions  of  materials  thrown  up  by  the 

.  or  brought  by  winds,  would  re- 

rmanently  above  water.    On  these 

Jms  and  other  plants,  whoso  seeds 

e  drifted  from  distant  or  adjoin- 

I,  -would  take  root  and  flourish. 

le  reef,  there  would  be  a  shallow 

of  water,  communicating,  through 
the  reef,  with  the  main  ocean 
Fringing  reefs  of  this  character 

munon  occurrcnoe  at  the  present 

a  the  case  of  a  confinent,  they 

i  coast  for  a  long  distauct;,  but 

r  entirely  surround  an  island. 

oording  to  the  darwinian  exjilan- 

e  site  of  a  fringing  reef  undor- 

reasion  at  a  rate  sufficiently  slow 
the  corals  to  keep  pace  with  it, 

may  be  conceived  to  grow  upward 

tB  the  bottom  sinks  downward. 

'eef  grows  mainly  on  its  upper 

edge,  the  lagoon  channel  inside 

ime  deeper  and  wider,  while,  at 

'  time,  the  depth  of  water  out- 
increase  until  a  Barrier  Reef  (a' 

177)   is  formed.     In   Fig.    178, 

pie,  the  Ganibier  iHliinds  (124(4 

i)  are  shown  to  Iw  entirely  sur- 

by  an  interrupted  barrier  reef, 

which  lies  the  lagoon.   Prolonged 

>re88ion    would    cimtinually    di- 

le  area  of  the  land  thus  encircled, 
reef  might  rctiiin  much  the  wiimu 

position.     At  lust  the  final  peak 

2  o  2 
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of  the  original  island  might  diBap|)ear  under  the  lagoon  (c,  Fig.  17' 
ami  an  AloU,  or  true  coral  islanil,  would  be  formed  (*."  a".  Fig.  177,  a 


■a 

Fig,  m.-DfignminiutntliigDuwIaitbeatjoftbelbnnUloiiatAtoIl*. 

Figs.  174  aud    175).      Should   any  more  rapid  or  tnidden  downwi 
niovomont  take  place,  it  miglit  carry  the  atoll  down  beneath  tho  m 


Fl6.i:a.— CliirtofOuiiblPrlBliuiils,  Pot 


faoe,  like  the  ti^roat  Ghagoa  bank  in  the  Indian  Ocean,  whioh  ii 
aubmariae  atoll. 

This  simple  and  luminous  explanation  of  the  history  of  oonl-m 
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X>rded  well  with  all  the  known  facts,  and  led  up  to  the  impressive 
ciclusion  that  a  vast  area  of  the  Pacific  Ocean,  fully  0000  geographical 
les  fn>m  east  to  west,  has  undergone  a  recent  subsidence,  and  may  lie 
rssrlj  sinking  still. 

Mr.  Darwin's  views  having  l)cen  universally  accepted  by  geologists, 
ral-islands  have  been  regarded  with  special  interest  as  furnishing 
oof  of  vast  oceanic  subsidence.  In  the  year  1868,  C  Semper  pointed  to 
me  cascB  of  atolls  which,  he  said,  could  not  1x3  explained  by  Darwin's 
leory.  The  Pelow  Islands,  at  the  western  end  of  the  Caroline 
rchipelago,  show  true  atolls  at  their  northern  extremity,  while  at 
leir  southern  end,  only  CO  miles  away,  there  are  raised  coral-reefs,  and 
a  island  entirely  destitute  of  reefs.  Semper  considered  that  the  atolls 
ad  grown  up  under  the  influence  of  peculiar  conditions  of  marine 
urrents  and  erosion,  simultaneously  with  elevation  rather  than  sub- 
idence.*  In  1870  J.  J.  Rein  cited  the  case  of  Bermuda  as  one  capable  of 
xplanation  by  upgrowth  of  calcareous  accumulations  from  the  bottom 
nthont  subsidence.^  More  recently,  Mr.  Murray,  whoso  researches 
Q  the  Challenger  Expedition  led  him  to  make  detailed  examination 
•f  many  coral  reefs,  has  suggested  that  barrier-reefs  do  not  necessarily 


Fig.  itf.— flection  of  a  volcanic  cone  of  loom  ashes  tiuppoaed  to  have  been  thrown  up  »n  the  soa-flwr 

and  to  have  reached  the  Hea-level  (^.). 

w?e  subsidence,  seeing  that  they  may  grow  outward  from  the  land 
ipon  the  top  of  a  talus  of  their  own  debris  broken  down  ])y  the  waves, 
nd  may  thus  appear  to  consist  of  solid  coral  which  hfid  grown  upward 
rom  the  bottom  during  depression,  although  only  the  upper  layer,  20 
ithonui  or  tliereabouts  in  thickness,  is  composed  of  solid,  unbroken  coral 
TowtL  He  points  out  that  in  the  coral-seas  the  islands  appear  to  have 
IwajB  started  on  volcanic  ejections,  at  least  that  all  the  non-calcareous 
ook  BOW  visible  is  of  volcanic  origin.  Where  the  submarine  peak  lay 
«W  the  inferior  limit  of  coral  growth,  it  may  have  Ixjcn  brought  up 
0  the  requisite  level  by  the  gradual  accumulation  of  the  remains  of 
igftnisms.  Where  the  original  eminence  rose  above  the  sea,  the  pro- 
suiting  portion  (Fig.  170)  may  be  supiK)8ed  to  have  been  cut  down 
'>the  lower  limit  of  breaker  action  (a  a),  so  as  to  ofter  a  platform  on 
^kidi  oorals  might  build  reefs  (t  k)  up  to  the  level  of  high  water 
^l).  Or  with  less  denudation,  or  a  loftier  cone,  a  nucleus  of  the 
rigbal  volcano  might  remain  as  an  island  (Fig.  180),  from  the  sides 
'f  which   a  barrier  reef  might  grow  outward,  on  a  talus  of  its  own 

,|  See  Semper's  papers  quoted  in  frx)tnotc  on  p.  448.  In  the  Appendix  to  the  fx'coixl 
'iHbnof  his  *  Coral  Kecfd  (p.  223)  Mr.  Darwin  replies  tu  Hemper's  criticism,  niaintain- 
Vthit  hie  objections  present  no  insuperable  difticulty  in  the  theory  of  Hubsidence. 

*  Smickenberg,  Nainrf,  Getielhch.  Wurzlmrgy  I80JJ-70,  p.  157. 
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debris  (r  r),  and  maintain  a  steep  outer  slope.  According  to  this  vie 
the  breadth  of  a  reef  ought,  in  Home  degree,  to  be  a  measnre  of  i 
antiquity. 

To  the  obvious  objection  that  this  explanation  requires  the  existeni 
of  so  many  volcanic  peaks  just  at  the  proper  depth  for  ooral-growt 
and  that  the  number  of  true  atolls  is  so  great,  Mr.  Murray  repliee  thi 
in  several  ways  the  limit  for  the  commencement  of  coral-growth  mc 
be  reached.     Volcanic  islands  may  be  reduced  by  the  waves  to  mei 
shoals,  like  Graham's  Island,  in  the  Mediterranean.     On  the  other  han 
submarine  volcanic  peaks,  if  originally  too  low,  may  conceivably 
brought  up  to  the  coral-zone  by  the  constant  deposit  of  the  detritus 
marine  life  (foraminifera,  radiolaria,  pteropods,  &c.),  which  this  observ 
has  found  to  be  very  abundant  in  the  upper  waters,  whence  it  descen 
as  a  kind  of  organic  rain  into  the  depths.     Mr.  Murray  holds  also  it 
the  dead  coral,  attacked   by  the  solvent  action  of  the  sea-water^ 
removed  in  solution  both  from  the  lagoon  (which  may  thus  be  deepens 
and  from  the  dead  part  of  the  outer  face  of  the  reef,  which  may  in  t' 
way  acquire  greater  steepness.^ 


h 
a 

r 

Fig.  180w— Section  of  denuded  volcanic  island  with  lava  nnclens  and  snrroundlng  coral-reef  (J9.). 

Professor  A.  Agassiz  has  arrived  at  similar  conclusions  from  detail 
explorations  among  the  coral-reefs  and  submarine  banks  of  the  W< 
Indian  seas.  He  believes  that,  in  that  region,  barrier-reefs  and  atoi 
have  arisen  without  the  aid  of  subsidence,  upon  a  platform  prepared  i 
them  by  the  upward  growth  of  submarine  calcareous  banks,  under  tl 
most  favourable  condition  of  ocean-currents,  temperature  and  food.* 

That  the  wide-spread  oceanic  subsidence  demanded  by  Darwin 
theory  cannot  be  demonstrated  by  coral-reefs  must  now,  I  think,  1 
conceded.  The  co-existence  of  fringing  and  barrier-reefs,  and  of  atoU 
in  the  same  neighbourhood  witli  proofs  of  protracted  stability  of  lev 
or  even  of  upheaval,  likewise  the  successive  stages  whereby  a  true  ate 
may  be  formed  without  subsidence,  have  been  demonstrated  so  clearly 
the  West  Indian  region,  that  we  must  admit  the  possibility  that  tl 
same  mode  of  formation  may  extend  all  over  the  coral-seas.  At  the  san 
time,  it  must  be  granted  that  the  necessary  conditions  for  the  formation . 
barrier-reefs  and  atolls  might  conceivably  ]>e  brought  about  by  subsidenc 
So  long  as  a  suitable  bottom  is  provided  for  coral-growth  it  is  prokab] 

>  Proc.  Roy,  8oc.  Edin,  1880,  p.  505.  =  Amer.  Acad,  xi.  (1882)  p.  107. 
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mmaterial' whether  this  is  done  by  the  submergence  of  land  or  by  the 
uscent  of  the  sea-floor.  That  subsidence  has  in  some  cases  taken  place 
teems  to  be  proved  by  the  depth  of  some  atoll-lagoons — forty  fathoms 
—unless  this  depth  can  be  supposed  to  be  due  to  solution  by  sea-water, 
md  not  to  the  progressive  deepening  during  a  subsidence  with  which 
the  npward  growth  of  the  reef  could  keep  pace. 

Limestone  and  Ooze, — Under  favourable  conditions,  extensive  depositn 
>f  limestone  are  now  being  formed  on  the  sea-floor  in  tropical  lati- 
tudes. Mr.  Murray,  from  observations  made  during  the  Challenger 
p'oyage,  estimates  that  in  a  square  mile  of  the  tropical  ocean  down  to  a 
lepth  of  100  fathoms  there  are  more  than  1 6  tons  of  calcareous  matter 
n  the  form  of  animal  and  vegetable  organisms.^  Tlieso  surface 
>rganisms,  when  dead,  are  continually  falling  to  the  bottom,  where  their 
"emains  accumulate  as  a  soft  ooze.  On  the  floor  of  the  West  Indian 
"©as,  where  an  extraordinarily  abundant  fauna  is  supported  by  the 
plentiful  supply  of  food  brought  by  the  great  ocean  currents  which  enter 
hat  region  from  the  South  Atlantic,  a  calcareous  deposit  is  being 
i>nned  out  of  the  hard  parts  of  the  animals  that  live  on  the  bottom  (mol- 
^ks,  eohinoderms,  corals,  alcyonoids,  annelids,  Crustacea,  &c.),  mingled 
•^th  what  may  fall  from  the  upper  water.  This  deposit  accumulates  as 
Vast  submarine  plateau  or  series  of  broad  banks,  and  is  comparable  in 
stent  to  some  of  the  more  important  limestones  of  older  geological  time. 
•oine  portions  of  it  have  here  and  there  (Barbados,  Guadeloupe,  Cuba, 
^c.)  been  elevated  above  the  sea,  so  that  its  composition  and  structure 
^n  be  studied.  The  organisms  in  these  upraised  limestones  are  the 
^me  as  those  which  still  live,  and  form  a  similar  limestone  in  tlio 
'iirrounding  seas.  In  Yucatan  the  rock  is  perforated  with  caverns,  one 
^f  which  is  70  fathoms  deej).^ 

The  bed  of  the  Atlantic  and  other  oceans  is  covered  with  a  calcareous 

iXfte  formed  of  the  remains  of  Foraminiferay  chiefly  species  of  the  genus 

OkHngerina.     It  has  l>een  observed  that  in  these  deep-sea  deposits,  the 

Urger  and  relatively  thinner  pelagic  shells  are  rare  or  absent  at  greater 

depths  than  2000  fathoms,  while  the  thicker-shelled  varieties  abound. 

'Hus  has  been  refoiTed  to  the  solvent  action  of  sea-water,  wliereby  the 

^nore  fragile  forms  are  attacked  and  removed  in  solution  (ante,  p.  36). 

Among  abysmal  deposits,  furaminiforal  ooze  ranks  next  in  abundance  to 

the  red  and  grey  clays  of  the  deep  sea  (p.  42.'5).     It  is  a  pale-grey  marl, 

■ometimes  red  from  peroxide  of  iron,  or  brown  from  peroxide  of  manga- 

^^;  and  it  usually  contains  more  or  less  clay,  even  with  occasional 

fi^igments  of  pumice.     It  covers  an  area  of  the  North  Atlantic  probably 

^^hes  than  1300  miles  from  east  to  west,  by  several  hundred  miles 

from  north  to  south. 

The  consolidation  of  a  soft  calcareous  ooze  or  a  mass  of  broken  shells, 
^^orak,  and  other  calcareous  organisms,  efiected  by  the  percolation  of  water 
'^ntaining  carbonic  acid  (antey  pp.  340,  440),  is  most  rapid  with  copious 

'  Pror.  Hoy.  Soc.  Edin.  x.  (1880)  p.  5<)8. 
*  A.  Agaseiz,  Amer.  Acad.  xi.  (188*2    p.  111. 
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evaporation,  as,  for  instance,  on  coral-reefe  where  expOBnre  to  tlie  kir  : 
the  interval  Wtween  two  tides  BuiSccs  for  the  deposit  of  ft  thin  cnisb 
hard  limcBtone  over  a  snrfacc  of  liroken  coral  or  ooral-aand.^  tt, 
cently'tipraiBed  limestone  and  coral-rock  have  in  some  places  aaBoiiiei 
a  crystalline  structure  by  this  process,  and  the  more  delicate  org&nisou 
have  disappeared  from  them.  But  the  calcareoua  deposits  may  aoqnire 
even  under  the  sea,  sulficient  cohesion  to  be  capable  of  being  broken  up 
into  blocks.  On  the  submarine  plateau  off  Florida,  the  trawl  or  dredge 
frequently  brings  up  large  fragments  of  the  limestone  now  in  oonneof 
formation  on  the  bottom,  consisting  of  the  dead  carcases  of  the  ntj 
species  now  living  upon  the  surface  of  the  growing  depooit.* 


Fig.  IBI.— RadloUrlin  Oov, 

HrtdK.,]  lip  1«  the  "TaUrtia^T  EiprtlUon,  (hm  .  dmh  or  «JS  attomt  iB  1^.  l|o  Ml «   laM.  IIJ"  l*  ^ 

Magnified  IM illunMcrx.    Thin  1. rtnin  tba dHp»t  adji"  wbmw ontuilBiu luv*  jn b«™3buliiri- 

(2.)  Siliceous  deposits  formed  from  animal  exuvin  are  i Hi'- 
trated  by  another  of  the  deep-sea  fonnations  brought  to  light  by  the 
Challenger  researches.  In  certain  regions  of  the  western  aud  miH^ 
Pacific  Ocean,  the  bottom  was  found  to  be  covered  with  an  ooie  «»• 
sisting  almost  entirely  of  Badklaria.  These  minute  organisms  ooc«. 
indeed,  more  or  less  abundantly  in  almost  all  deep  oceanio  depofflt*- 
Froui  the  deepest  sounding  taken  by  the  Cfmllenger  (4475  fathonu,* 
more  than  a  mQes)  a  radiolarian  ooze  was  obtained  (Fig.  181).  Th* 
Bpioolea  of  sponges  likewise  famish  materials  towards  these  silifW" 
aoonmnlationfl. 

'  A.Aguali.Jmtr.JMd.-LloesXif.1iH.  ■-  A.  Agnwiz,  op.  ri/.  p.  HI 
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In  oonnection  with  the  organic  deposits  of  the  sea-floor,  reference 
lay  be  made  here  to  the  chemical  processes  in  progress  there,  and  to 
be  probable  part  taken  in  these  processes  by  decaying  animal  matter, 
lie  precipitation  of  manganic  oxide  and  its  segregation  in  concretions, 
ften  round  organic  centres  (p.  425),  presents  a  close  analogy  to  the 
mnation  of  concretionary  bog-iron  ore  through  the  operation  of  the 
Qmm  aoids  in  stAgnant  water.  The  crystallization  of  silicates  observed 
oring  the  CJudlenger  expedition  is  possibly  also  to  be  connected  with 
i»  action  of  organic  compounds  (pp.  334,  425).  The  formation  of 
int  conoretionB  has  been  for  many  years  a  vexed  question  in  geology, 
"be  constant  association  of  flints  with  traces,  more  or  less  marked,  of 
vmer  abundant  siliceous  organisms  seems  to  make  the  inference 
Tenstible,  that  the  substance  of  the  flint  has  been  precipitated  through 
ie  agency  of  these  creatures.  The  silica  has  flrst  been  abstracted  from 
A-water  by  living  organisms.  It  has  then  been  re-dissolved  and 
^posited  (probably  through  the  agency  of  decomposing  organic 
atter),  sometimes  in  amorphous  ooncretions,  sometimes  replacing  the 
klcareous  parts  of  echini,  mollusks,  &c.,  while  the  surrounding  matrix 
at,  doubtless,  still  a  soft  watery  ooze  under  the  sea.^ 

(3.)  Phosphatic  deposits,  in  the  great  majority  of  cases,  betoken 
*in6  of  the  vertebrate  animals,  seeing  that  phosphate  of  lime  enters 
rgely  into  the  composition  of  their  bones  and  occurs  in  their  excrement 
»•  170).  The  most  typical  modem  accumulations  of  this  nature  are 
le  guano  beds  of  rainless  islands  oif  the  western  coasts  of  South 
merica  and  Southern  Africa.  In  these  regions,  immense  flocks  of 
a-fowl  have,  in  the  course  of  centuries,  covered  the  ground  with  an 
cnmulation  of  their  droppings  to  a  depth  of  sometimes  80  to  80  feet, 

even  more.  This  deposit,  consisting  chiefly  of  organic  matter  and 
amoniacal  salts,  with  about  20  per  cent,  of  phosphate  of  lime,  has 
quired  a  high  value  as  a  manure,  and  is  being  rapidly  cleared  ofl*. 

oould  only  have  been  preserved  in  a  rainless  or  almost  rainless 
iinate.  In  the  west  of  Europe,  isolated  stacks  and  rocky  islands  in  the 
a  are  often  seen  to  be  white  from  the  droppings  of  clouds  of  sea-birds ; 
It  it  is  merely  a  thin  crust,  which  is  not  allowed  to  grow  thicker  in  a 
bate  where  rains  are  frequent  and  heavy. 


§4.   Man    as    a    Geological    Agent. 

Ho  survey  of  the  geological  workings  of  plant  and  animal  life  upon 
^  niriiaoe  of  the  globe  can  be  complete  which  does  not  take  ac(X)unt 

the  influence  of  man— an  influence  of  enormous  and  increasing 
i^Qenoe  in  physical  geography  ;  for  man  has  introduced,  as  it  were, 
^dement  of  antagonism  to  nature.  Not  content  with  gathering  the 
i^ti  and  capturing  the  animals  which  she  has  offered  for  his  sustenance, 

*  See  Wallich,  Q,  J,  GeoL  Soc.  xxxvi.  p.  68  ;  Solla«,  Ann.  <t-  Mag.  Nat.  HUt.  Tith  series 
^487;  ftikd  aiite^  pp.  170,  448;  BHL  Astoc.  1882,  sects,  p.  549;  Hull  and  Hardman 
•■•.  Asy.  IhMin  8oe,  new  series  (1878)  vol.  i.  p.  71. 
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he  has,  with  advancing  civilization,  engaged  in  a  contest  to  snbdne  tlie 
earth  and  ])088e88  it.  His  warfare  indeed  has  often  been  a  blind  one, 
Buccessful  for  the  moment,  but  leading  to  snre  and  sad  disaster.  He 
has,  for  instance,  stripped  off  the  woodland  firom  many  a  region  of  liill 
and  mountain,  gaining  his  immediate  object  in  the  possession  of  their 
stores  of  timber,  but  thereby  laying  bare  the  slopes  to  parching  droughts 
or  fierce  rains.  Countries  once  rich  in  beauty,  and  plenteous  in  all  that 
was  needful  for  his  support,  are  now  burnt  and  barren,  or  washed  bare  of 
their  soil.  It  is  only  in  comparatively  recent  years  that  he  has  leant 
the  truth  of  the  aphorism — "  Homo  Natune  minister  et  interprei.** 

But  now,  when  that  truth  is  coming  more  and  more  to  be  recogniBed 
and  acted  on,  man's  influence  is  none  the  less  marked.  His  object  still 
is  to  subdue  the  earth,  and  he  attains  it,  not  by  setting  nature  and  her 
laws  at  defiance,  but  by  enlisting  her  in  his  service.  Within  the  oom- 
pass  of  this  volume  it  is  impossible  to  give  more  than  merely  a  brief  out- 
line of  so  vast  a  subject.^  The  action  of  man  is  necessarily  confined 
mainly  to  the  land,  though  it  has  also  to  some  extent  influenced  the 
marine  fauna.  It  may  be  witnessed  on  climate,  on  the  flow  of  water,  on 
the  character  of  the  terrestrial  surface,  and  on  the  distribution  of  life. 

1.  OnClimat  e. — Human  interference  affects  meteorological  coo- 
ditions — (1)  by  removing  forests  and  laying  bare  to  the  sun  and  winds 
areas  which  were  previously  kept  cool  and  damp  under  trees,  or  whicht 
lying  on  the  lee  side,  were  protected  from  tempests ;  as  already  stated, 
it  is  supposed  that  the  wholesale  destruction  of  the  woodlands  formerly 
existing  in  countries  bordering  the  Mediterranean  has  been  in  part 
the  cause  of  the  present  desiccation  of  these  districts,  while  in  the  Tyrol 
the  great  increase  and  destructiveness  of  the  debacles  has  been  attributed 
to  the  wholesale  deforesting  of  that  region,  and  the  consequent  expo- 
sure of  the  soil  to  rain  and  melted  snow  ;  (2)  by  drainage,  the  effect  of 
this  operation  being  to  remove  rapidly  the  discharged  rainfall,  to  raise 
the  temperature  of  the  soil,  to  lessen  the  evaporation,  and  thereby  to 
diminish  the  rainfall  and  somewhat  increase  the  general  temperature  of 
a  country;  (3)  by  the  other  processes  of  agriculture,  such  as  the 
transformation  of  moor  and  bog  into  cultivated  land,  and  the  clothing  of 
bare  hill-sides  >vith  green  crops  or  plantations  of  coniferous  and  hard- 
wood trees. 

On  the  Flow  of  W  ate  r. — (1)  By  increasing  or  diminishing  the 
rainfall  man  directly  affects  the  circulation  of  water  over  the  land. 
(2)  By  the  drainage-operations  which  cause  the  rain  to  nm  off  more 
rapidly  than  before,  he  increases  floods  in  rivers.     (3)  By  wells,  bores. 

uetti 


Link, '  Urwelt  nud  Alterthum'  (1822);  G.  A,  Koch,  JaJtrh.  Gfd,  BeichwMt.  xxy.  (l^iJ^ 
Jf.  114. 
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ixer  subterranean  works,  he  interferes  with  underground 
x>nBequently  with  the  discharge  of  springs.  (4)  By  embank- 
e  oonfines  them  to  narrow  channels,  sometimes  increasing 
and  enabling  them  to  carry  their  sediment  further  seaward, 
ausing  them  to  deposit  it  over  the  plains  and  raise  their 

he  Surface  of  the  Land. — Man's  operations  alter  the 

oountry  in  many  ways : — (1)  by  changing  forest  into  bare 

r  clothing  bare  mountain  with  forest ;  (2)  by  promoting  the 

siusing  the  removal  of  peat-mosses ;  (3)  by  heedlessly  unoo- 

-dunes,  and  thereby  setting  in  motion  a  process  of  destruction 

convert  hundreds  of  acres  of  fertile  land  into  waste  sand,  or 

y  planting  the  dunes  with  sand-loviug  herbage  or  pines,  and 

ag  their  landward  progress ;  (4)  by  so  guiding  the  course  of 

make  them  aid  him  in  reclaiming  waste  land  and  bringing 

tivation  ;  (5)  by  piers  and  bulwarks,  whereby  the  ravages  of 

stayed,  or  by  the  thoughtless  removal  from  the  beach  of 

li  the  waves  had  themselves  thrown  up,  and  which  would 

for  a  time  to  protect  the  land ;  (6)  by  forming  new  deposits 

nedly  or  incidentally.     The  roads,  bridges,  canals,  railways, 

lages,  and  towns  with  which  man  has  covered  the  surface  of 

U  in  many  cases  form  a  permanent  record  of  his  presence. 

land,  the  whole  surface  of  civilised  countries  is  very  slowly 

a  stratum,  either  formed  wholly  by  him,  or  due  in  great 

his  operations,  and  containing  many  relics  of  his  presence. 

old  cities  has  been  increased  to  a  depth  of  many  feet  by 

of  his  buildings :  the  level  of  the  streets  of  modem  Borne 

1  above  tliat  of  the  pavements  of  the  Cajsars,  and  this  again 

o€idways  of  the  early  Republic.     Over  cultivated  fields  pot- 

umed  up  in  abundance  by  the  plough.     The  loam  has  risen 

walls  of  onr  graveyards,  as  generation  after  generation  has 

;here  into  dust. 

the  Distribution  of  Life. — It  is  under  this  head, 
ett  the  most  subtle  of  human  influences  come.  Some  of  man's 
lis  dominion  are  indeed  plain  enough,  such  as  the  extirpation 
mals,  the  diminution  or  destruction  of  some  forms  of  vege- 
introduction  of  plants  and  animals  useful  to  himself,  and 
be  enormous  predominance  given  by  him  to  the  cereals  and 
d  of  sheep  and  cattle.  But  no  such  extensive  disturbance  of 
conditions  of  the  distribution  of  life  can  take  place  without 
Ith  it  many  secondary  effects,  and  setting  in  motion  a  wide 
uige  and  of  reaction  in  the  animal  and  vegetable  kingdoms, 
le,  the  incessant  warfare  waged  by  man  against  birds  and 
>rey,  in  districts  given  up  to  the  chase,  leads  sometimes  to 
results.  The  weak  game  is  allowed  to  live,  which  would 
^  killed  oflf  and  give  more  room  for  the  healthy  remainder. 
lals,  which  feed  perhaps  on  the  same  materials  as  the  game. 
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are  from  tbe  same  canse  permitted  to  live  unchecked,  and  thereliy  t. 
act  as  a  farther  hindrance  to  the  spread  of  the  protected  species.  Bn 
tbe  indirect  results  of  man's  interference  with  ther^^me  of  phmtsani 
animals  still  require  mnch  prolonged  oheervation.^ 

This  outline  may  snffice  to  indicate  how  important  is  the  pl&c 
filled  bj  man  as  a  geological  agent,  and  how  in  fatnre  ages  the  traoe 
of  his  interference  maj  introduce  an  element  of  difficulty  or  nncertaint; 
into  the  study  of  geological  phenomena. 

*  See  on  tbe  snbject  of  man's  inflaenee  on  orgmnic  natoxe,  the  paper  by  Profeaso 
RollestoD,  qooted  in  a  prerioQs  note,  and  the  nnmeroiis  authorities  citea  by  him. 
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BOOK    IV. 

OEOTECTONIC   (STRUCTURAL)  GEOLOGY, 

OR  THE  ARCHITECTURE  OF  THE  EARTH*S  CRUST. 

ore  of  minerals  and  rocks  and  the  operations  of  the  different 
by  which  they  are  produced  and  modified  having  been  dis- 
Q  the  two  foregoing  books,  there  remains  for  consideration  the 
in  which  these  materials  have  been  arranged  so  as  to  build  up 
t  of  the  earth.  Since  by  far  the  largest  visible  portion  of  this 
nsists  of  sedimentary  or  aqueous  rocks,  it  will  be  of  advantage 
of  them  first,  noting  both  their  original  characters,  as  result- 
1  the  circumstances  under  which  they  were  formed,  and  the 
tions  subsequently  effected  upon  them.  Many  superinduced 
38,  not  peculiar  to  sedimentary,  but  occurring  more  or  less 
yr  in  all  rocks,  may  be  conveniently  described  together.  The 
ve  characters  of  the  igneous  or  eruptive  rocks,  as  portions  of  the 
ure  of  the  crust,  will  then  be  described  ;  and  lastly,  those  of  the 
lie  schists  and  other  associated  rocks  to  which  the  name  of 
•phic  is  usually  applied. 

Part  I.     Stratification  and  its  Accompaniments. 

Lenn  ''stratified,'' so  often  applied  as  a  general  designation  to  the 
or  sedimentary  rocks,  expresses  their  leading  structural  feature, 
aterials,  laid  down  for  the  most  part  on  the  bed  of  the  sea  and 
re  of  lakes  and  rivers,  under  conditions  which  have  been 
discussed  in  Book  III.,  are  disposed  in  layers  or  strata,  an 
uent  characteristic  of  them  alike  in  hand-specimens  and  in  cliffs 
mtains  (Figs.  182  and  183).  Not  that  every  moi-sel  of  aqueony 
libits  evidence  of  stratification.  But  it  is  this  feature  which  is 
(juently  absent.  The  general  characters  of  stratification  will  be 
lerstood  from  an  explanation  of  the  terms  by  which  they  are 
)d. 

OIB  of  Bedding. — L  a  m  i  n  a3  are  the  thinnest  paper-like  layers 
planes  of  deposit^  of  a  stratified   rock.     Such   fine  layers  only 

Dtabr^  lias  proposed  the  term  diastrome  to  cxprcsH  the  splittiug  of  rooks  along 
^  pUoes.    Bull.  Soc.  Gtol  FrancCy  (3)  x.  p.  137. 
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'."iFJir  '*':.f:T^  rLe  niAt>^rial  b  tic<i-,rniii«d.  as  ia  mod  or  ahale.  or  wImr 
€;m  -ri^'i-r-  <'<t'  -fT'tiK  mineral  have  I;««d  plentifaJly  deposited,  u  in 
r-.i'Sine n.-  -Ands^-D«.  In  souk  Uuninai^d  rxiks.  the  lamintt  cohen  n 
r'rrii'i":'  'i'-.t*  "h^sT  oan  har'Hy  be  split  •■•f«n.  uid  the  Tock  will  break  more 
nsvVAy  *.-r>»  them  tliAa  in  their  •iirecti-r-n.  Mor«  im*lly,  lioweTw.tlie 
r.lan^tt  of  LuiiinAtioa  aerve  as  conTenient  diTirional  mrboee  by  mesoiof 


■'*«*v^ 


which  the  irok  can  he  fijdit  open.  Tlie  cause  of  this  stmcture  hu  Imo 
generally  )ui8i;;ued  to  intermittt-nt  ilcpoett,  each  lamina  being  awnned 
to  have  partially  consoli'litte«l  liefore  its  euccceuor  was  laid  down  npoait 
Mr.  Sorby,  hiiwever,  hinj  recently  stiggeateil  that  in  fine  argillawoM 
rocks  it  may  !*.■  a  kin-l  of  cleavage-wtructuro  {see  p.  288),  due  to  tl« 
prcsfiurc  i>f  the  overlyiug  rocks,  with  tin' 
(.■"■Biseqiient  M|uee7.in^  ont  of  inuterstititl 
water  iiiiil  the  rcairangemont  of  the  arpUs- 
ffons  juirticles  in  lines  ])crpomlicnlar  to  the 
pruMHun.'.' 

Much  may  be  Icariit  an  Ut  fi.riinT  [(w 
graphical  and  geological  changes  hy  attenJ' 
ing  to  the  characters  of  the  sttBta.  In 
Fig.  18!{,  for  example,  there  is  cvidt'naof 
a  gradual  diminution  of  movcmont  in  '^ 
waters  in  which  the  lityers  of  Bodimont «!« 
FiK-  isa— siUoii-.f^tBtLnm  itoi,k<.  dejiofiited.  The  conglomerate  (a)  point*  t« 
ii,nmgi<nwran^;Mhick-i>«n.ii  [wt^     currents  ofsomc  forco :  theBandBfoneefic') 

Uy  wniJsloiio :  c,  IMn-liiiMwl  uiul-  ,  .  ,  .   .  i       J 

mmki  rf.aiH'iiT  undituui;  i. "halt  mark  a  progreBHive  ({Uicsconoc  and  tbeU' 
wISiMSiniBl'i^m.'."''"'"™'"'"  ■vent  of  finer  Bcdimont ;  the  shales  {f)  siw* 
a  dejiosition  of  fine  mud  and  accretion  *i 
feiTiius  CHrbonate  into  nodnlea  round  organic  remains ;  while  the  nh^'" 
limi'Btono  (/)  proves  that  the  water  no  longer  carried  sediment,  bnt  *»* 
(iloar  cnongli  for  an  abundant  growth  of  niiirine  organisms.  The  oxiBtcm*! 
tlioroforo,  of  alternations  of  fine  laminae  of  deixwit  may  be  oonoeiveil  •* 
|>ointing  to  tranquil  conditions  of  slow  intermittent  sedimentation,  vh<jn 


■  Qiiurf.  Jimru.  Ueoi.  Sue.  ) 
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i8  been  borne  at  intervals  and  has  fallen  over  the  same  area  of 
orbed  water.  Begxdarity  of  thickness  and  persistence  of  litho- 
.  characters  among  the  laminae  may  be  taken  to  indicate  periodic 
ts,  of  approximately  equal  force,  from  the  same  quarter.  In  some 
saooeasiYe  tides  in  a  sheltered  estuary  may  have  been  the  agents  of 
tion.  In  others,  the  sediment  was  doubtless  brought  by  recurring 
loods.  A  great  thickness  of  laminated  rock,  like  the  massive 
of  Paladozoio  formations,  suggests  a  prolonged  period  of  quiescence, 
robably,  in  most  cases,  slow,  tranquil  subsidence  of  the  sea-floor. 
)  other  hand,' the  alternation  of  thin  bands  of  laminated  rock  with 

coarser  in  texture  and  non-laminated,  indicates  considerable 
tion  of  currents  from  different  quarters  bearing  various  qualities 
nounts  of  sediment. 

rata  or  Beds  are  layers  of  rock  varying  from  an  inch  or  less 
many  feet  in  thickness.  A  stratum  may  be  made  up  of  numerous 
»,  if  the  nature  of  the  sediment  and  mode  of  deposit  have  favoured 
reduction  of  this  structure,  as  has  commonly  been  the  case  with 
Qer  kinds  of  sediment.  In  materials  of  coarser  grain,  the  strata, 
ule,  are  not  laminated,  but  form  the  thinnest  parallel  divisions. 
^  like  laminsd,  sometimes  cohere  firmly,  but  are  commonly 
ible  with  more  or  less  ease  from  each  other.  In  the  former  case, 
\j  suppose  that  the  lower  bed  before  its  consolidation  was  followed 
e  deposit  of  the  upper.  The  common  merging  of  a  stratum  into 
irhich  overlies  it  must  no  doubt  be  regarded  as  evidence  of  more  or 
;radual  change  in  the  conditions  of  deposit.  Where  the  overlying 
I  abruptly  separable  from  that  below  it,  the  interval  was  probably 
ne  duration,  though  occasionally  the  want  of  cohesion  may  arise 
the  nature  of  the  sediment,  as  for  instance,  where  an  intervening 
of  mica-flakes  has  been  laid  down.  A  stratum  may  be  one  of  a 
of  similar  beds  in  the  same  mass  of  rock,  as  where  a  thick  sandstone 
ies  many  individual  strata,  varying  considerably  in  their  respective 
nesses;  or  it  may  be  complete  and  distinct  in  itself,  as  where  a 

of  limestone  or  ironstone  runs  through  the  heart  of  a  series  of 
9.  As  a  general  nilc,  the  conclusion  appears  to  be  legitimute  that 
flcation,  when  exceedingly  well-marked,  indicates  slow  intermittent 
at,  and  that  when  weak  or  absent  it  jwints  to  more  rapid  deposit, 
vals  and  changes  in  the  nature  of  the  sediment  and  in  the  direction 
roe  of  the  transporting  current  being  necessary  for  the  production 
listinctly  stratified  structure. 

ines  due  to  original  stratification  must  bo  carefully  distinguished 
other  divisional  planes  which,  though  somewhat  like  them,  are 
itirely  different  origin.  Four  kinds  of  fissility  may  be  recognised 
ig  rocks  : — 1st,  lamination  of  original  deposit ;  2nd,  cleavage^  as  in 
;  3rd,  shearing,  as  near  faults  (pp.  290,  506) :  4th,  foliation,  as  in 
ts.  Occasionally,  by  the  development  of  steam-holes  or  spherulitic 
notions  in  lavas,  and  the  drawing-out  of  these  into  planes  during 
movement  of  the  molten  mass,  a  kind  of  fissility  is  produced  which 
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Kvin  wb'-M-  f)r*'  iiNfiul  flJQtroijal  laiitinatiMii  U  tVvt  l-r  -.-r  ai^ient  tbis 
If'filifrilfir  Mfni/'hirf-  fiiiiv  n'lnain  difitinct  (Yi^  I^*?  .  Kx;i:;:i]t->  w*}' 
mIhii  III'  nhHfiviMl,  in  wliirli,  wJiilt'  nil  the  beils  are  weii  lamiDaui^i  i" 
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aaie  the  lamiiue  ran  parallel  with  the  general  bedding,  and  in  others 
oUiqndy  (Fig.  187).  Though  ourrent-bedding  is  moat,  frequent  among 
ModitoneB,  or  markedly  arenacoons  strata,  it  may  be  observed  occaiiionally 
in  detrital  formationfi  of  organic  origin,  as  in  a  section  (Fig.  188)  by  Do 
U  Beohe,  where  a  portion  of  one  of  the  calcareous  members  of  the  Jurassic 
niiet  of  England,  consists  of  beds  composed  mostly  of  organic  fragments 


PramaoT  John  Phillipg.) 


*it!i  a  strongly  marked  current -bedding  (a  a),  while  others,  formed  of 
Baddy  layers  and  not  obli<inely  laminatetl  {h  &),  point  to  intervals  when, 
'itli  the  oeasatioii  of  the  silt-bearing  currents,  the  water  ,beoamo  still 
•Mngh  to  allow  the  mud  suspended  in  it  to  settle  on  the  bottom,' 


I{u9,  IlcitAinWiire. 


Intercalated  Ooii  t  ort  iun. — Diagonal  lamiuatiou  issomotimes 
•"torted  as  well  as  steeply  inclined,  and  highly  contorted  beds  arc  inter- 
lOfcd  between  others  which  are  undisturbtnl  and  horizontal.  Cui-vod 
"d  contorted  laukination  is  of  frequent  oocurronce  among  Palicozoio 
jUditoncs.  lu  Fig.  180,  an  exauijde  is  given  from  ono  of  the  oldest 
O'mttionB  in  Dritain,  and  in  Fig.  100  another  from  ono  of  tlic  youngest. 
'  'Cieologii'sl  Observer,' [I.  Wli. 
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Tho  cauBe  of  this  stmcture  is  not  well  understood.  Among  glaoiil 
depoBitfi  local  examples  of  contortion  occur,  whioli  may  be  aooonnted 
for  by  the  intercaUtion  and  aubaoqncnt  melting  of  eheete  of  frozen  mitd, 


Id  Btd  SuxMuv,  Cknns  Bf, 

a,d,  (,  ball  of  sud  uiil  (lit  d^pmlted  hortmnmij  md  twHuwitlr  tnan  iiigtuiitml  rotptnilon; 
b,  c,  beds  o[  suid  wUcb  Iutc  bren  ptubcd  ilong  tbe  botUsii. 

or  by  tho  stranding  of  heavy  maenee  of  drift  ice  upon  still  unconsolidAted 
sand  and  mud.  The  removal  of  mineral  matter  in  solution  (as  among 
saliferous  and  gypseous  deposits)  leads  to  the  enbaidence  and  crompling 


KBdwUllcgnliH;  b,  b,  U^cn  oTcbr. 


of  overlying  beds.  Tho  hydration  of  anhydrite  (p.  374),  by  augmonting 
tho  volume  of  the  mass,  subjects  the  adjacent  strata  to  cmshiDg  and 
contortion.    It  is  poaaiblo  that  some  of  the  extraordinary  labyrinthine 


FiE-  l«l>.~-OintartaI  PoM-TertUrr  suA  aul 


and  complex  contortions  of  schistose  rocks  may  be  due  to  the  Bubsequent 
crumpling  of  Btrata  already  full  of  diagonal  or  contorted  lamination. 

Irregularities  of    Bedding  due   to  InequaUties   of 
Deposition    or  of  Grosio n. — A  shar^i  ritlge  of  sand  or  gravel 
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ttj  be  laid  down  under  water  by  current-action  uf  some  titreiigtb. 
ttunld  tbfl  motioD  of  the  water  diminisli,  finer  Bodiinent  may  be  brought 
otlie  place  and  bs  deposited  around  and  above  tbu  ridge.  lu  buch  a 
w,  the  BtratificatioQ  of  the  later  accumulation  will  end  off  abruptly 
^Bt  the  flanks  of  the  older  ridge,  which  will  appear  to  rii«e  up 
hiungh  the  overlying  bed.  Appearances  of  this  kind  are  not  an- 
umninn  in  coal-fielda,  where  they  are  known  to  the  miners  aa  "rulla," 
'nwoils,"  or  "  horaee' backs."  A  structure  exactly  the  reversu  of  the 
ireceding,  where  a  stratum  has  been  scooped  out  lx.'fore  the  depodtion 
if  the  layers  which  cover  it,  has  also  often  been  obttcrved  in  mining  for 
ual,  when  it  ia  termed  a  "  want."  Channels  have  been  cut  out  of  a 
tMl-aeam,  or  rather  out  of  the  bed  of  vegetdtion  which  ultimately 
leamc  coal,  and  these  winding  and  branching  channels  have  been 
mid  up  with  sandy  or  muddy  eediment.  The  accompany  in  •;  plan 
Fig.  101)  represents  a  portion  of  a  remarkable  scries  of  such  channels 
ntening  the  Coleford  Uigh  Delf  coal-seam  in  the  Forest  of  Dean. 


Flf.  III.— l>Un>ifch>u»lfiiuc»1,rur7Bt  uflh'ini.ifttT  BndJIc). 

Pl«  chief  one,  locally  known  as  the  "  Horse  "  (a  b),  has  been  traced  for 
ktont  two  miles,  and  variea  in  width  from  170  to  340  yards.  It  is 
oinsd  by  smaller  tributaries  {ee),  which  run  for  some  way  approxi- 
»»tdy  parallel  to  it.  The  coal  has  either  l»eeu  prevented  from  aceumu- 
ating  in  eontemixiraneouB  water-channels,  or,  while  still  in  the  condition 
'f  K>ft  lx)g-like  vegetation,  has  Ijeen  eroded  by  streamlets  flowing 
Irongh  it.'  A  section  drawn  across  such  a  buried  channel  exhibifa  the 
"nrturo  represented  in  Fig.  I'J2,  where  a  Ijed  of  fire-clay  (e).  full  of 
fWi  and  evidently  an  oM  Buil,  supports  a  )»c-d  of  coal  (<i)  and  of  shale  (c), 
•hich,  during  tlie  depOMitioii  of  this  series  of  strata,  have  K-cn  cut  out 
into  a  channel  at  /.  A  dt-iioaitiou  of  sand  (b)  has  then  filled  up  the 
IttTation,  and  a  layer  of  mud  (a)  has  covered  np  the  whole. 

Curents  of  very  unequal  force  and  transporting  power  may  alternate 
0  inch  a  way  that  after  tine  silt  has  for  t»omo  time  been  accumulated, 
'  Buddie,  G«a.  Trim*.  tL  (1842),  p.  213. 
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coarso  shingle  may  next  be  swept  along,  and  may  be  so  irregularly 
bedded  with  the  softer  strata  as  to  simulate  the  bebavionr  of  an  intmsiTe 
rock  (Fig.  193).^  The  section  (Fig.  194),  taken  by  De  la  Beche  from  a 
cliff  of  Coal-measures  on  the  coast  of  Pembrokeshire,  shovrs  a  depoiiit  of 


Fig.  192.— Section  of  a  channel  in  a  coal-eeam  (£.)• 


shale  (a)  that  during  the  course  of  its  formation  was  eroded  by  a 
channel  at  b,  into  which  sand  was  carried ;  after  which,  the  deposit  of 
fine  mud  recommenced,  and  similar  shale  was  again  laid  down  upon  the 
top  of  the  sandy  layer,  until,  by  a  more  potent  current,  the  shale  deposit 


Fig.  1 03.~Irregular  bedding  of  course  and  fine  Lower  SUorian  detritoa.    Flanka  of  Oljdyr, 

N.E.ofSnowdon(^.). 

was  cut  away  on  the  left  side  of  the  section,  and  a  series  of  sand  beds  {c)  4 

was  laid  down  upon  its  eroded  edges.     An  interruption  of  this  kind,  ^ 

however,  may  not  seriously  disturb  the  earlier  conditions  of  a  deposit,  « 

which,  as  shown  in  the  same  section,  may  be  again  resumed,  and  now  " 


a  h 

Fig.  194.— Contemporaneous  Eroeion  and  Deposit  {B.). 


layers  (d)  may  be  laid  down  conformably  over  the  whole.  Among  the 
lessons  to  be  learnt  from  such  sections  of  local  irregularity,  one  of  th» 
most  useful   is  the   reminder   that  the  inclination  of  strata  m«y  not 

»  De  la  Bcche,  •  Geol.  Observer,*  p.  533. 
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Iwi^bedaeto  BubteTTtmean  moTement.  In  Fig.  195,  for  example, 
he  lower  strata  of  shale  and  saudatono  are  nearly  horizontal.  The 
ipper  thiok  sandatone  (V)  haa  been  cut  away  towards  the  left,  and  a 
eriM  of  shales  (a')  and  a  coal-seam  (c')  have  been  deposited  gainst  and 
Tsr  it.  If  the  sandstoTie  was  then  level,  the  shales  must  have  been 
lid  down  at  a  considerable  angle,  or,  if  these  were  deposited  in  hori- 
OQtil  sheets,  the  earlier  sandstone  must  have  accumulated  on  a  marked 
lope.  Ab  deposition  continued,  the  inclined  plane  of  sedimentation 
vonld  gradually  beoome  horizontal  until  the  strata  were  once  more 
Mnllel  with  the  series  ah  e  below.  A  structure  of  this  kind,  not 
mbeqQent  in  the  Coal-measureB,  must  be  looked  upon  as  a  larger  kind 
>f  Use-bedding,  where,  however,  terrestrial  movement  may  sometimes 
on  intei-vened. 


ID  with  lucLtnei 

Suiqulur,  Dnrnfriaoblrt. 
a,  a',  ilulei  and  imnflUKiefl';  b,  V,  HodiloDen ;  i 

In  the  instances  here  cited,  it  ia  evident  that  the  erosion  took  place, 
"  a  general  sense,  during  the  same  period  with  the  accumulation  of  the 
tista.  For,  after  the  interruption  was  covered  up,  sedimentation  went 
Jti  M  before,  and  there  is  usually  an  obvious  close  sequence  between  the 
*iitiniioufl  strata.  Though  it  may  bo  impoasible  to  decide  as  to  the 
tsUtiTe  length  of  the  interval  that  elapsed  between  the  formation  of  a. 
BiTen  stratnm  and  that  of  the  next  stratum  which  lies  upon  its  eroded 
iirface,  or  to  ascertain  how  much  depth  of  rock  has  been  removed  in  the 
'itaion,  yet,  when  the  structure  occurs  among  couformnble  strata, 
!»idantly  united  as  one  lithologic;illy  continuous  series  of  deposits,  we 
Uy  reasonably  infer  that  the  missing  portions  are  of  small  moment,  and 
i«tthe  erosion  was  merely  due  to  the  irregular  and  more  violent  action 
if  the  very  currents  by  which  the  sediment  of  the  successive  strata  w«b 
applied. 

The  case  is  ver}'  different  when  the  eroded  strata,  b»idea  being 
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:'.-:-*:    iLL^ie   :;*om    those   Jibore   them,  are  Btrongly 

-.  ^iciii    .:<tincTions,  particnlarlv  when  fragments  of 

■.■••ri'.-THir    L-riH'sits.     In  some  of  the  ooal-mineB  in 
r     Tisiauce.    lt.*i'p   '-hannelH    liave   Ijeen   met  witli 
"■•  ••'-    vtii'i.  ^nvei.     t   «lay  l^elongin^^    to   the  genenl 

■  .  r  ■ : . :  i .    . .  ■  i :        ' :  il-     ■.  ■  i ::  :rr,        1' Iieise  c haunc la  have  »,' videntlv  teen 
ui:-  ■   ::-^'>  -v  rv.      :•    :  'v^m  • '. »iii-meafluro  strata  at  a  eomparativelT 
•  Mi  ^    -L'  i:'.  -.11  :  •  ri'.d.  iiid  >uL»beiiiientlv  bnried  under  •rlacial  accnmn- 
.:..-.  -    ■        :iipk*te     iisciinlauco   between   them   and   tl» 

..'..    •  =.;   -  ::ii;i      ■  Lvw.   ■  .'inriuir  t-*  the  ♦•xistcnoe  of  a  vaat  intervil 


SaniiCe-iuarJungB. —  FIio  ^i.irxauL'  of  many  bods  of  samlstone  is 
ii;\d  a:'::  i::vs  .■!  viiw  riviire  lud  hollow,  such  as  mav  be  seen  on 
^.i::av  ^..  ■:•  '  :-a  'x  :i:»:ii  •.iic  ridL-  ius  rcTirod,  i»ii  the  tiuors  of  shallow 
t"»  .i.i;'i  .  ■  "  I.  V-: .  4isi.  .imi  -.u  ^ju^tllLv^»  "f  drv  wind-blown  sand.  To 
I.  •>.■.!:.:>  i::*/  ^"iieaii  iiume  • 't'  IJip  pie- mark  hais  been  giytn. 
i^.-    «.tu  .  iL'auL't'i.L  ■  %•  an  "SoilLitiuu  of  the  meilium  < water  ot 


■  '  »w 


ui  ..  -i  -ixui'.i  ■  .  K:n'>«*l  '^".naof. 


■  J.  :  '*T. — ^ectlou*  ■  -f  Ripple-ourb. 


■  .%:■■■.  1  ;■■  ■  .■>* -jsiuu  luisi  iaiii.  In  ■■v:i:!  r.  n:  •>.. ilia tvrv movement, 
..■iiit  iii-n >  .!><  •*!'.■!  .1  lu'rf.*  -ir  "'"^is  :iKirk'.-l  ■'irr».'T:t.  is  jreneratfrl  l? 
wi'«  ..,■,%!■■..;  ■..  '■>  >ii!  lace,  riii;  ^ii:<i--;riiiis  are  oarri»-.l  buckwarA' 
■  ■■i     -M^.r-is.      -iv    .ei;!''>.  int'tjiiaiirit.^    I  -:;r' i'^c  are  prnluad.  Arbkb 

, Ni.-    ■'  « -M  I'l-.-^     -1    ■  trr  '.vator.     It:    it-.  j;'i!ar  ripple-iiiark,  tbtj  direct 

nj  ••'!■■     .:••»■>    ■:..    siji'l    ip  "in.-  wi:ttii'r--ii'i".".  whik- the  vortex  pifc"^ 

'.  1  .^Iri'i  .   !»■".!     In.- "iuit'ao.    ■:'  riie  -an-l   **.*o«'mes  mottled  ov«r 

*i !:■    "!"rt'.!!i' I  1 1  s   -r  biiivt*.     In  !vj.'i]ar  npplo-mark,  the  forms ftW 

•iv'-ii-'r.  I-  "'N  -Mip.-  ■■>•  ;l!.i;iii-j:  r».'lativ':iy  Ti.  t:;».-  V..  tt'-m  and  the  CX'M^ 
•TH'v  Nj.t!  l;siniu'?ir  f  {  ^vivs  oi  V  ■r'lir. -».■  Thv  L-n^  gentle  slop? 
' .'  v\  ■  I !'  •  >  "  i  I  .■  -.v  t  ■ .  1 ,  .  1 1 1 1  i.  :  he  sh-  .'Ft  -^t*  -t  i  ^I-  ■  i  ■•■  away  f ivii  i  it  art?  ^«;W 
■ ' ■ . I :  'c ■  ■■  i  ■/ ■  c .  '  ■  ■  * ^  .  '"-.•!! s i »  1l- i*a l.'I«:'  ■  1  i v ».- rs i : y  i :.  the  f  'rm  of  the  rippl<? 
■'..  w.»v.  :■.  iiav  '  t»  i  ><.»rv.  'i  as  at  'i  '•  ■  in  Fi_;.  107  ■.  dej^t^-nding  onccin- 
■  :i''-!:«5  ■  t*  '.vii.l.  w;irrr.  mil  aL-iiiiiout  whi- :.  1;  tve  not  l.K'en  thorc»ui;lily 
-'■^'ii*'!.     N  ■  -iaristacr.  rv  iul:Vren''e  'an  1  •■  -Iriwn  from  the  existence  of 

'  rV'-i".  r»:ir\»in.  /'n-*.  Ii'*tj.  Sa*.  xxxTL  (l^'S""  [•.  Iv  Sm*  ;d>n  H.  C.  Sirl.y.  U/im. 
Xftr  I'hn  Jtntrn.  hrw  <.  f.  iii.  iv.  v.  vii. ;  Groh^iint,  it.  0^"»i*).  I'-  137:  A.  \{.  nunt,iW 
th.  fi'tr.  ixxjv.  p.  I;  C.  «le  Candoll.;.  Ar^h\  .v*.  I'hj*.  .\nt.  /;• /»»r.i,  ix.  O^^'V, 
M.  fnrcli  in  mido  fnlnnrK' 
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ripple-markB  as  to  the  precise  depth  of  water  in  which  the  sediment 
WM  aocnmnlated.  As  a  nile,  it  is  in  water  of  only  a  few  feet  or  yards 
i&  depth  that  this  characteristic  surface  is  formed.  But  it  may  be 
podnoed  at  any  depth  to  which  the  agitation  caused  by  wind  on  the 
upper  waters  may  extend  (p.  411).  Examples  of  it  may  be  observed 
mong  old  arenaceous  deposits,  as  in  the  Cambrian  and  Silurian  rooks, 
b  like  manner,  we  may  frequently  detect,  among  those  formations, 
muQ  isolated  or  connected  linear  ridges  (rill-marks)  directed  from 
wne  common  quarter,  like  the  current-marks  frequently  to  be  found 
bdiind  projecting  fragments  of  shell,  stones,  or  bits  of  seaweed  on  a 
beech  from  which  the  tide  has  just  retired. 

On  an  ordinary  beach,  each  tide  usually  effaces  the  ripple-marks 
Bide  by  its  predecessor,  and  leaves  a  new  scries  to  be  obliterated  by  the 
»xt  tide.  In  the  process  of  obliteration,  the  tops  of  the  ridges  are 
efelled  off  (see  h  in  Fig.  197),  while  sometimes  the  hollows,  where  they 
»nre  as  receptacles  for  surface  drainage,  are  deepened.  Where  the 
Barkings  are  formed  in  water  which  is  always  receiving  fresh  accumu- 
AtioQB  of  se<liment,  a  rippled  surface  may  Ije  gently  overspread  by  the 
iesoent  of  a  layer  of  sediment  upon  it,  and  may  thus  be  preserved.  By 
^  iBnewal  of  the  oscillation  of  the  water  another  series  of  ripples  may 
^be  made  in  the  overlying  layers,  which  in  turn  may  be  buried 
ffld  preserved  under  a  renewed  deposit  of  sand.  In  this  way,  a  con- 
nderable  thickness  of  such  ripple-marked  strata  may  be  accumulated, 
^  has  frequently  taken  place  among  geological  formations  of  all  ages. 

Sun-cracks,  Rain-prints,  Vestiges  of  former  shores. 
"^6  of  the  most  fascinating  parts  of  the  work  of  a  field-geologist  con- 
wtg  in  tracing  the  shores  of  former  seas  and  lakes,  and  in  endeavouring 
kereby  to  reconstruct  the  geography  of  succesHive  geological  periods. 
Hiere  are  not  a  few  pieces  of  evidence,  which,  though  in  themselves 
ttdividually  of  apparently  small  moment,  combine  to  supply  him  with 
^ble  data.  Among  these  lie  lays  special  emphasis  upon  the  proofs 
kat,  during  their  deposition,  strata  have  at  intervals  Ix^en  laid  bare 
0  son  and  aii*. 

The  nature  and  validity  of  the  arguments  founded  on  this  evidence 
nil  1k>  best  realised  by  the  student  if  he  can  make  observations  at  the 
ttrgin  of  the  sea,  or  of  any  inland  sheet  of  water,  which  from  time  to 
me  leaves  tracts  of  mud  or  fine  sand  exposed  to  sun  and  rain.  The 
■ay  in  which  the  muddy  bottom  i)f  a  dried-up  pool  cracks  into  polygonal 
^  when  exposed  to  the  sun  may  be  illustrated  abundantly  among  sedi- 
tentary  rocks.  These  desiccation-cracks,  or  sun-cracks  (Fig.  198), 
wld  not  have  been  produced  so  long  as  the  sediment  lay  under  water. 
heir  existence  therefore  among  any  strata  proves  that  the  surface  of 
dk  on  which  they  lie  was  exposed  to  the  air  and  dried,  before  the  next 
fer  of  water-bonie  sediment  was  deposited  upon  it. 

With  these  markings  are  not  infrequently  associated  prints  of 
.in-drops.  The  familiar  effects  of  a  heavy  shower  upon  a  surface 
moist  sand  or  mud  may  l)e  witnessed  among  rocks  even  aw  old  as 
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the  Cambrian  period.  In  some  cases,  the  rain-prints  are  fomid  to 
ridged  up  on  one  side,  in  such  a  manner  as  to  indicate  that  the 
drops  as  they  fell  were  driven  aslant  by  the  wind.  The  proiniiM 
side  of  the  markings,  therefore,  indicates  the  side  towards  which  t 
wind  blew. 

Numerous  proofs  of  shallow  shore-water,  and  likewise  of  expoen 
to  the  air,  are  supplied  by  markings  left  by  animals.  Castings,  tabi^ 
burrows,  and  trails  of  worms,  tracks  of  moUusks  and  omstaoeaiiB,  i 


Fig.  108.— iSnn-cracked  rarfkoe  of  mad  or  muddy  sand. 

marks  of  fishes,  footprints  of  reptiles,  birds,  and  mammals,  may  all  I 
preserved  and  give  their  evidence  regarding  the  physical  conditioi 
under  which  sedimentary  formations  were  accumulated.  It  may  fn 
quently  be  noticed  that  such  impressions  are  associated  with  rippl 
marks,  rain-prints,  or  sun-cracks  (Fig.  200);  so  that  more  than  oi 
kind  of  evidence  may  be  gleaned  from  a  locality  to  show  that  it  wi 
sometimes  laid  bare  of  water. 


Fig.  IW.— Footprints  from  the  Triosslc  Sudstone  of  Connectlcnt  (Hitchcock). 

These  more  striking  indications  of  littoral  conditions  being  coi 
paratively  infrequent,  the  geologist  must  usually  content  himself  id 
tracing  the  gravelly  detritus,  which  suggests,  if  it  does  not  alwa; 
prove,  proximity  to  some  former  line  of  shore.  Such  a  seotioii,  f 
instance,  as  that  depicted  in  Fig.  201  may  often  be  found,  where  low 
strata  (a)  having  been  tilted,  raised  into  land,  and  worn  away,  lur 
yielded  materials  for  a  coarse  littoral  boulder  bed  (h),  over  which,  ai 
was  carried  down  into  deeper  and  clearer  water,  limestone  eventual! 
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■cunmolated.  Beds  of  conglomerate,  especially  where,  ae  in  thia  ex- 
ample, they  accompany  an  nuconformability  in  the  stratification,  are 
of  much  servioe  in  tracing  the  limita  of  aacicut  acaa  and  lakes  (see 
PwtX.). 

Oas-Bpurt e. — The  snr&ceB  of  some   strata,  usually  of  a  dark 
wltmr  and  containing  organic  matter,  may  be  obsei-ved  to  be  raised 


nf .  IM^-Footprlnl*  ind  Rnn-cncka,  HlMlmrgbinHn,  Buonj  (Skklar). 

'Oto  little  heaps  of  variouB  indefinite  shapes,  not  like  the  heaps  asao- 
^»ated  with  worm  burrows,  connected  with  pipes  descending  into  the 
'"ock,  nor  composed  of  different  material  from  the  surrounding  sandstone 
*'  shale.  These  may  be  conjectured  to  be  due  to  the  intermittent 
escape  of  gas  fttim  deoompoeing  organic  matter  in  the  original  Band  or 
lod,  as  we  may  sometimes  witness  in  operation  among  the  mud  flats  of 


Inrs  and  estuaries,  where  much  organio  matter  is  decomposing  among 
Ae  sediment.  On  a  small  scale,  these  protruBions  of  the  upper  surface 
irfa  deposit  may  be  compared  with  the  mud-lumps  at  the  mouths  of  the 
KiMisaippi,  already  described  (p.  372). 

ConcretlonB. — Many  sedimentary  rooks,  more   particularly  clays, 
inoBtones,   and   limestoneH,   exhibit  a  concretionary  structure.      This 
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anaugi^caAnL  :u^v  be  part  of  che  ori^ffsAl  9e<iiiD£iitatiot),  or  m&y  b«  dw 
to  virM^iienr  seCT'jararion  &om  •I«coinp>:«n-7n  nrand  k  oentre.  Cto- 
crerionarv  ftncmrfis  ■,!'  <?jntenipDniii«]Tis  origin,  [ttrticolarlj  in  t»l- 
cui^int^  n;.-izf-r:ai.-.  mar  lie  ao  •:l-«eiv  ^ijae^at  as  to  form  oontinnoMW 


nearly  contiunons   bedd    (Fig.  202).      The   magnesian  limestone  a 

Durham  is  hoilt  np  of  Tariondy  shaped  concretionary  massea,  sometime 

like  cannon-balls,  gr&pe-shot,  or  honohea  of  ooral.     Conneoted  wit. 

concretionary  beds  are  the  Heama  of  gypsnin,  which  may  occaisiounA. 

be  observed  to  send  out  veins  in-* 

other  gypsum  beds   above  and  V-" 

low  them.     De  la  Beche  describee 

section    at   Wafchet,    SomersetsLiar^ 

where,  amid  the  Triassic  marls  (^ 

in  Fig.  203),  beds  of  gypsuin  («    o 

«  stringi    connect  themselves  by  means  of  fi.1 

"Si{?^T""^'^^^*"*^^™"^    '»!"  ™ns  with  the  overlying  ax> 

nnderlj-ing  beds. 

The  most  frequent  form  of  concretions  is  that  of  isolatetl  sphcriiri*' 

elliptical,  or  variously  shaped  nodules,  disposed  in  certain  layers  of  ' 

atratuiu  or  disperBed  irregularly  through  it  (Fig.  204),    They  mos' 

commonly  consist  of  ferrous  or  caldo  carbonates,  or  of  silica.     Man/ 


iiliiy-inmHtouo  bods  assume  a  iiodtiliir  form,  ond  this  minenl  ocean 
iilimiiluutly  in  the  shape  of  separate  nodules  in  shales  and  clay-rocb. 
'I'ltfl  nudnlM  have  frequently  forme*l  roMud  somo  organic  body,  imchu 
m  fVHgllMnt  of  plant,  a  shell,  bone,  or  coprolitc.     That  the  carbcmite 
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iru  slowly  precipitated  during  the  formation  of  the  bed  of  shale  in 
which  its  nodules  lie,  may  often  be  Hatisfaotorily  proved  by  the  lines  of 
deposit  pasBing  coutinuonaly  through  the  nodules  (Fig.  205).  In  many 
owes,  the  internal  first-formed  parte  of  a  nodule  have  contracted  more 
than  the  outer  and  more  compact  crust;  and  have  cracked  into  open 
polygonal  spooee  which  are  commonly  filled  with  calcite  (Fig.  30). 
Snch  (epfarton  nodules,  whether  composed  of  clay-iroa stone  or  limeatone, 
tre  abundant  in  many  shales,  as  in  the  Carboniferous  and  Liofisic  series 
of  England. 

Alluvial  clays  sometimes  contain  fantastically  shaped  concretions  due 
to  the  oonaolidation  of  the  clay  by  a  calcareous  or  ferruginous  cement 


*^U[id  a  centre.  These  are  known  in  Scotland  as  fairy-stonca,  in  the 
^ley  of  the  Bhine  as  Losspuppen,  LiissmiLDohcn,  and  in  Finland  as 
Imatm-stones  (Fig.  206).  They  not  uncommonly  show  the  bedtUng  of  the 
■^y  in  which  they  may  have  been  formed.  Their  quaint  imitative  forms 
«T6  naturally  given  rise  to  a  popular  belief  that  they  are  petrifications 
of  various  kinds  of  organic  bodies  and  even  of  articles  of  human  manu- 
&ctnre.  In  Norway  thoy  occur  in  glacial  and  post-glacial  deposits  up 
loheighte  of  360  feet  above  sea-level,  and  encloBC  remains  of  fishes  (of 
iriiich  16  species  have  been  noticed),  as  well  as  other  organisms.' 

;   Jl.  Collet,  Ay. 
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okSy  it  may  often  be  observed  that  certain  repetitions  occur.  Sand- 
>neB,  for  example,  are  found  to  be  interleaved  with  shale  above,  and 
en  to  pass  into  shale ;  the  latter  may  in  turn  become  sandy  at  the  top 
d  be  finally  covered  by  sandstone,  or  may  assume  a  calcareous  character 
.d  pass  up  into  limestone.  Such  alternations  bring  before  us  the  oon- 
tions  under  which  the  sedimentation  took  place.  A  sandstone  group 
dicates  water  of  comparatively  little  depth,  moved  by  changing 
irrents,  bringing  the  sand  now  from  one  side,  now  from  another.  The 
lasage  of  such  a  group  into  one  of  shale  points  to  a  diminution  in  the 
otion  and  transporting  power  of  the  water,  perhaps  to  a  sinking  of  the 
laci,  80  that  only  fine  mud  was  intermittently  brought  into  it.  The 
Ivent  of  limestone  above  the  shale  serves  to  show  that  the  water 
.cared,  owing  to  a  deflection  of  the  sediment-carrying  currents,  or  to 
>ntinued  and  perhaps  more  rapid  subsidence,  and  that  foraminifera, 
>ials,  crinoids,  mollusks,  or  other  lime-secreting  organisms,  established 
uamselves  upon  the  spot.  Shale  overlying  the  limestone  would  tell  of 
'<Qsh  inroads  of  mud,  which  destroyed  the  animal  life  that  had  been 


Vif.  204.  -Sectluu  of  HtratA  from  the  base  of  the  Lias  down  to  the  top  of  the  TriA8,  Sheptun  Mallet  (//.). 

Urejr  Liu  limestone  and  marln ;  6,  earthy  whitish  liin&<4tone  and  marh* ;  c,  earthy  white  limeHtoiie ; 
fi,  arenaoeoa^  limefttone ;  /,  grey  marln ;  g,  red  marls ;  h,  sandstone  with  calcareous  cement ;  f,  blae 
marl ;  k^  red  marl ;  I,  blue  marl ;  m,  red  marl.s. 


ourishing  on  the  bottom ;  while  a  return  of  sandstone  beds  would  mark 
ow,  in  the  course  of  time,  the  original  conditions  of  troubled  currents 
id  shifting  sandbanks  returned.  Such  alternating  groups  of  sandy, 
ilcareous,  and  argillaceous  strata  are  well  illustrated  among  the 
orassic  formations  of  England  (Fig.  208). 

Certain  kinds  of  strata  commonly  occur  together,  because  the  con 
tions  under  which  they  were  formed  were  apt  to  arise  in  succession. 
De  of  the  most  familiar  examples  is  the  association  of  coal  and  fire-clay. 
seam  of  coal  is  almost  invariably  found  to  lie  on  a  bod  of  fire-clay,  or 
I  some  argillaceous  stratum.  The  reason  of  this  union  becomes  at  once 
^parent  when  we  learn  that  the  fire-clay  was  the  soil  on  which  the 
ants  grew  that  went  to  form  the  coal.  Where  the  clay  was  laid  down 
uler  suitable  circumstances,  vegetation  sprang  up  upon  it.  This 
(pears  to  have  taken  place  in  wide  shallow  lagoon-liko  expansions  of 
e  sea,  bordering  land  clothed  with  dense  vegetation,  and  to  have  been 
oompanied  by  slow,  intermittent  but  prolonged  subsidence  of  the  sea- 
itotn.     Hence,  during  pauses  of  the  downward  movement,  when  the 
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water  shoaled,  au  abundant  growth  of  water-loving  or  manh 
sprang  up  on  the  muddy  bottom,  somewhat  like  the  mangnrre^i 
the  pi'ssent  day,  and  coutinued  to  flourish  until  the  muddy 
oxhauated,'  or  until  subsidence  recommenced  and  the  matted 
carried  under  the  water,  were  buried  under  fresh  inroads  of  sand 
Every  coal-fldd  contains  a  Bnccession  of  buried  forests  with  a 
repetition  of  the  same  kind  of  intervening  strata  (Fig.  209). 
For  obvious  reasons,  conglomerate  and  sandstone  occur  ' 
rather  than  conglomerate  and  shal 
agitation  of  the  water  which  could  : 
deposit  coarse  detritus,  like  that  oc 
conglomerate,  was  too  great  to  adm 
accumulation  of  fine  silt.  On  the  otl 
we  may  look  for  shalo  or  clay  T«t1 
sandstone,  as  an  accompaniment  of  li 
inasmuch  as  when  the  gentle  oun 
which  fino  argillaceous  silt  was  oa 
aus)ieusion  ceased,  they  would  be  s 
by  intervals  of  quiet  clearing  of  th 
during  which  calcareous  material  n 
elaborated  cither  chemically  or  by  tl 
of  living  organisms. 

Relative    persistence    of  8tr 

little  reflection  will  convince  the  stud 

all  sedimontary  rocks  must  thin  oat 

appear,  and  that  even   tho  moat  p€ 

when  regarded  on  tho  great  scale,  i 

and  lenticular  accumulations.    Deriv 

tho   degradation  of  land,  they  have 

accumulated  near  land.    They  are  no" 

thickest  in  mass,  as  wcU  as  coarsest 

tore,   nearest  to  the  source    of  sap] 

become   more  attenuated  and  fine-gr 

*'^^J^r^°T^'^^^  "^'     tW  recede  from  it.    We  have  only  to 

Sjdnej  C(*i-Fifiit  c»i«  Breton     what  takes  place  at  tho  present  time 

a,  undMoDoa'i  ^  gtuaca;  c,  nwi-    botfoms,  estuaries,  or  Bca-margins,  t 

■iSrtuinps ill itiH*      "*  """    sured  that  this  is  now,  and  must  alw* 

been,  the  law  of  sedimentation. 

But  while  all  sedimontary  deposits  must  bo  regarded  as  eoi 

local,  some  kinds  possess  a  far  greater  jiei'sisteuce  than  other 

general  rale,  it  may  be  said  that  the  coarser  the  grain,  the  more  1 

extent  of  a  rock.    Conglomerates  arc  thus  by  much  the  most 

and  inconstant  of  all  ecdimtinfnry    formations.      They  sudden 

'  SUirrf  Hunt  hoa  cftllod  attiulion  to  (ho  fnct  tliat  tho  underclan  cf 

moaiuTM  liave  gcncmll;  been  depiired  of  tlicir  a1knlic«  by  (lio  vegotable  gnn 

they  flupported. 

'  See  B.  Brown,  iiimrt.  Journ.   Cecil,   Sue.  vi.  p.  115;  and  Do  U  Beoli 
Obaeirer,'  p.  505. 
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do'wni  from  a  thickness  of  Bevoral  liundrcd  fut-t  to  a  few  yards,  or  die  out 
altogether,  to  reappear,  perha^w  further  on,  iu  the  same  wodgc-liko 
fashion.  Sandstones  are  less  liable  to  such  oxtrciues  of  inconsiancy,  but 
they  too  are  apt  to  thin  away  and  tu  swell  out  again.  Shales  are  much 
more  pernstent,  the  same  zone  being  often  traceable  for  many  miles. 
limestones  sometimes  oconr  in  thick  local  masneu,  as  among  the  Silnriau 
formationB,  but  they  often  also  (lie]>lay  remarkable  continuity.  Three 
tliin  limestone  bauds,  each  of  them  only  two  or  three  feet  in  thJck- 
neBB,  and  separated  by  a  considerable  thickneaa  of  intervening  Hand- 
stones  and  shales,  can  be  traced  through  the  coal-fieldH  of  central  Scotland 
**'''»i"  an  area  of  at  least  1000  st^uaro  miles.  Coal-seams  also  ^wssess 
E-'"*i«t  persistence.  The  same  scams,  varying  slightly  in  thickness 
and  quality,  may  often  be  traced  throughout  the  whole  of  an  extensive 
coal-field. 

"What  is  thus  true  of  individual  strata  may  be  uffiimed  also  of  groups 
*-•'  STich  strata.  A  thick  mass  of  sandstone  will  bo  found  as  a  rule  to  be 
'******^  continuous  than  one  of  conglomerate,  but  less  so  than  one  of  shale. 


Fig,  MO.— Sectioi 


**«rieB  of  limestone  beds  usually  stretches  further  than  either  arena- 

^^CiB  or  argillaceous  sediments.     But  even  to  the  most  extensive  stratum 

.^       ^Toup  of  strata  there  must  be  a  limit.    It  must  cud  off  and  give 

-,^^■^36  to  others,  either  suddenly,  as  a  bank  of  shingle  is  succeeded  by  the 

j**^et  of  sand  heaped  against  its  base,  or,  as  is  more  usual,  very  gradually, 

^^    inseuuibly  passing  into  other  strata  on  all  sides. 

^^^       ^reat  variations  in  the  character  of  stratified  rocks  may  frequently 

^^^^    subserved  in  passiug  from  one  part  of  a  country  to  another  along  the 

^''*"t«2rop  of  the  same  rocks.     Thus  at  one  end  we  may  meet  with  a  thick 

*"ie8  of  sandstones  which,  traced  in  a  ceitaiu  direction,  may  be  found 

^**«ing  into  shales  (Fig.  210).     A  group  of  sti-ata  may  consist  of  massive 

,  *^**  glomerates  at  one  locality,  and  may  graduate  into  fine  fissile  flagstones 

^  (Another.    A  thick  mass  of  clay  may  bo  found  to  alternate  more  and  more 

^"tlk  shelly  sands  as  it  is  traced  outward,  until  it  loses  its  argillaceous 

**^tnre  altogether. 

IntereBting  illuBtrations  of  BDch  airangi'nii'ati  occur  in  the  snuth-ni'it  of  Engliuul, 
^■^v^ie  vhat  are  now  gitiups  »(  hilLt,  like;  the  Mcu<)ip,  Mnlvoiu,  und  other  emiueucoa, 
«>«i«iCTlr  Mietwl  ea  iBlaiiiU  in  tlio  Mteo/oic  Bia.  Du  In  BlpIiu  iwintcd  out  tliat  tho 
^^twned  CurlfoniferouB  limcatnne  (a  a  in  Fi^'.  '^11)  has  I'onueil  tho  tihoru  i:^iiut  which 
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tilt-  •*«.'ar^  -iiiiQirle  •>!*  The  dolomitic  con^omerate  (5  6)  accumulated;  that  ilMlittflr, 
imced  away  frr-m  its  «ii"rc-liDe.  pauefl  on  the  aame  plane  into  red  marl  (o),  and  thit 
(luriDi;  a  jrraduul  subsidence,  the  claTs  and  limestooeB  of  the  Lias  (<7)  crept  orertke 
ilepreesed  :>hore-Iine.  He  licewiie  called  attention  to  the  important  ftbct  that,  in  neh 
cajies,  a  oontinaoiis  zone  of  o>nslomeTate  may  belong  to  many  Bnooesnve  horiiooi.  In 
Fiir.  -VI  v\  action  u  ^ven  &om  one  oi  the  islands  in  the  sonth-west  of  England, rooad 
which  the  Triad  and  Lias  were  deposited.  Denudation  has  stripped  off  a  portion  of  llw 
•nerlyin^  red  maris.  If  the  rest  of  the  section  to  the  left  of  the  dotted  line  J  A  wen 
removed,  theie  would  remain  a  continuous  mass  of  conglomerate,  which,  in  defimhof 
(?ther  evidence  to  the  contrary,  would  be  regarded  as  one  bed  laid  down  upon  the  iIo|iiig 
surface  •  t  limetfione.  instead  of.  what  it  really  is,  a  series  of  shore  gravels  piled  npn 
ottch  other,  and  belonging  to  a  consecutiTe  series  of  deposits. 


Fig.  3Ll.— cseviiou  uew  BkiKuI  to  ^how  how  oun^omenUc  may  pass  into  clay  along  the  lamc  bgriioe. 

B.  Blaixe  Castle  HIU ;  «,  Mount  Skltbam  (£.)• 

Mer^  differeuce  of  litholo^cal  charaoter,  even  within  a  limited  geo- 
L^raphioHl  $pact*,  iloes  not  necessarily  mean  diversity  of  age.  At  the  pre- 
sent 'lay,  ooanse  shingle  may  be  formed  along  the  beach,  at  the  same  time 
that  the  tiuest  mud  is  being  laid  down  on  the  same  sea-bottom  fnrthff 
from  land.  The  existing  differences  of  character  between  the  deposits 
oi  tlio  »lioro  and  of  the  opener  sea  wonld  no  doubt  continue  to  be  main- 
taiutxl,  with  slight  geographical  displacements,  even  if  the  whole  arei 
woiv  uiKWrgoing  subsidence,  so  that  a  thick  group  of  littoral  beds  uiigt* 
gtithcr  in  ouu  ti'act,  and  of  deeper-water  accumulations  in  another. 

Aiuou^'  the  tornuittous  of  former  geological  periods,  the  same  conditions  of  dep(Miu 
up^iear  soiUL'time;»  to  have  continued  for  enormous  periods.    The  thick  Oarbonifi'i^ 


Kig.  ai3.— vSKi^ion  of  i>art  of  the  flank  of  the  Mendip  Hilb  (£.\ 

^huwlnK  ihv  Oiirbi>iilfi'n>U!i  Liiut^one  (,a  a)  uverlaid  by  dolomitic  cooglomerate  (6  h), 

aiul  that  by  red  Diarl<*  (c\ 

Liuiobtonu  of  wt^teru  Kuro^K;  cTidoutly  accumulated  during  a  slow  snbsidenoe,  vbtn 
tho  muuo  oouditious  of  clour  water  with  abundant  growth  of  crinoids,  oortlft  ^ 
coiitiiiuod  for  a  period  vast  enough  to  tidmit  of  the  gradual  growth  of  thousands  of  ^ 
of  caloareous  matter.  Traced  northwards  into  Scotland,  this  massive  limeftone  s 
gntduiilly  replaced  by  sandstoiu'S,  shales,  ironstones,  and  coal-seams.  These  ttn^ 
provo  that  tho  deeper  and  clearer  water  of  Belgium,  central  England,  and  Ireh» 
passed  north wnrdd  into  muddy  tiats  and  simdy  Bhonle,  wbioli  ai  one  time  wereovenpn*^ 
with  coal-grow t lis,  and  at  another,  owing  to  more  rapid  tubsidonce.  were  depreiif<i 
beiieath  tho  clciin.T  sea  which  brought  with  it  the  (.x)rals.  eriuoidjk  m-.^lusks,  Ac,  vboft 
ri>maius  aro  now  to  be  seen  in  intercalations  of  crinoidal  limestoni-. 

Influence  of  the  Attenuation  of  Strata  upon  apparent  Dip* 
— ^Vhcre  a  thick  mass  of  Bedimentaxy  materials  rapidly  thins  away  in  a 
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iven  direction,  a  decoptive  resemblance  to  the  effects  of  underground 
lovement  may  be  observed.  If,  for  example,  wo  suppose  that  on  a 
erfeoily  level  bottom,  a  series  of  sedimentary  beds  is  accumulated  at  ono 
laoe  tea  depth  of  5000  feet,  and  that  this  series  dies  out  in  a  distance  of 
0  miles,  the  inclination  due  to  this  attenuation  will  amount  to  a  slope  of 
boat  62  feet  in  a  mile.  That  this  structure  has  not  been  without  con- 
iderable  influence  on  the  apparent  dip  of  stratified  rocks  has  been  well 
hewn  by  Mr.  W.  Topley  with  reference  to  the  Mesozoic  rocks  of  the 
Kmih-east  of  England.^ 

Overlap. — Sediment  laid  down  in  a  subsiding  region,  wherein  the 
ttea  of  deposit  is  gradually  increased,  spreads  over  a  progressively  aug- 
menting surface.  Under  such  circumstances,  the  later  portions  of  a  for- 
ination,  or  series  of  sedimentary  accumulations,  will  extend  beyond  the 
limits  of  the  older  parts,  and  will  repose  directly  upon  the  shelving 
inrttom.  This  relation,  called  Overlap  (Fig.  213),  in  which  the  higher 
w  newer  members  are  said  to  "  overlap "  the  older,  may  often  bo 
lotected  among  formations  of  all  geological  ages.  It  brings  before  us 
t©  shore-lines  of  ancient  land-surfaces,  and  shows  how,  as  these  sank 


Fig.  213,— Section  of  Overlap  in  the  Lower  Jurassic  series  of  the  South-west  of  England  (/;.)• 

•  Old  Red  Sandstone  fc).  Lower  Limestone  Shale  (6),  and  Carboniferous  Limestone  (a)  having  been  pre- 
viously upraised  and  denuded,  the  older  I>eache8  (<i  m.\  laid  down  unconfomiably  upcm  them,  were  huc- 
eessively  covered  by  conformable  Jurassic  bods.  The  JJas  (c),  with  its  upi>or  sands  (/),  Is  overlapped 
by  the  extension  of  the  Inferior  Oolite  (jg)  completely  across  iheir  edges,  until  this  formation  comes  to 
»ert  directly  on  the  I'alacozoic  btrata  at  n.  The  corresponding  extension  of  the  overlying  Fuller's  Earth 
(t  I)  and  limestone  (t)  has  been  remove<l  by  denudation.^ 

ader  water,  the  gravels,  sands,   and  silts  gradually  advanced  and 
>vered  them. 

Relative  Lapse  of  Time  represented  by  Strata  and  by  the 
ixtervals  between  them. — Of  the  absolute  length  of  time  represented 
►y  any  strata  or  groups  of  strata,  no  satisfactory  estimates  have  yet  been 
K)«8ible.  Certain  general  conclusions  may  indeed  bo  drawn,  and  compari- 
wns  may  be  made  between  different  series  of  rocks.  Sandstones  full 
^false-bedding  were  probably  accumulated  more  rapidly  than  finely- 
laminated  shales  or  clays.  It  is  not  uncommon  in  certain  Carboniferous 
lOidstones  to  find  huge  sigillarioi.d  and  coniferous  trunks  imbedded  in 
Bpright  or  inclined  positions.  Wh^e,  as  in  Fig.  214,  the  trees  actually 
pew  on  the  spot  whore  their  stems  remain,  it  is  evident  that  the  rate  of 
Jftpodtof  the  sediment  which  entombed  them  must  have  been  sufficiently 
1^  to  have  allowed  a  mass  of  twenty  or  thirty  feet  to  accumulate 
*fi»e  the  decay  of  the  wood.  Of  the  durability  of  these  ancient  trees 
ft  of  coarse  know  nothing ;  though  modem  instances  are  on  record  where, 

'  Qmrt.  Journ.  Geol  Soc.  xxx.  (1874)  p.  180. 
'  Do  la  Beche,  *  Geol.  Observer,*  p.  485. 
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under  certain  circunuitaiic'eti.  ttnbmei^ed  trees  mar  last  for  Eome  centum 
We  iiitr  coiijcotnro  that  wlivre  Eteme  arc  enveloped  in  one  continnon 
(itratoni,  the  rate  of  accumulation  waa  prubably.  on  the  -whole,  somewbl 
rapid,  'j'he  g<:Dcral  character  of  the  ittrata  among  wlucJi  auch  erect  Im- 
trnnks  of^cur,  ohviously  ludicatea  extremely  shallow-  water  condidou 
with  coiitinnouH  or  intermittent  Buhxidence.  Unlew  soon  submerged, dtid 
trecH  would  I«  tinl'jcct  to  fipee<ly  tiul  'aerial  decompositii,iii.  It  occasioniUf 
happeiiH  that  an  erect  trunk  has  kept  itH  position  even  during  the  accnmn- 
latioii  of  a  Reriea  of  strata  around  it  (Fig.  31o).  AVo  eao  hardly  belfcn 
that  in  MUch  eases  any  ixintiidcrable  nnmber  of  yeoru  could  have  elijad 
tiotweeu  the  death  of  the  tree  and  its  tinul  cutombmeDt.    Fion  tbc 


•'^""KfiiT    ^ 


— Krnl  Irniilu  uf  agllUrii  in  BtBdiloiir.  Cwm  T.lpcli,  liMd  <ir  Sudina  ViOlty,  uJiHAU^'- 
(Dnwii  bj  lb«  toir  Sir  W.  (1  UgiD.) 


w  Ftnui-  iilic  liijinJ  t|  fert  In  cimmfornin)  fonnnl  put  uT 
luil>cdrtHf  In  ■  MIDI  or  thilt  C*n  oM  »>■)  rnU  dT  hni^nvf*. 


Itutl'inofSo 


i-f*,  he.    The  tppdnitBi  utr  mifti  H 


decayed  condition  of  the  interior  of  boiuo  iuibetldcd  trees,  we  iwnylik*' 
wise  infer  that  accumulation  of  sediment  is  not  always  an  extremely  "1"* 
process.  Instances  occur  where,  as  in  Pifj,  21 0,  -\vhiIo  snnd  anJ  m** 
have  lieen  nccnmnlaling  round  the  snbmorp^  stem,  its  interior  liasl*" 
rotting,  so  that  eventually  a  mere  hollow  cylinder  has  been  left,  in"' 
which  sediment  and  different  plants  (BouietimcB  with  the  hodicM  d  hn^' 
animnlN)  were  introduced  from  nlxive.*  I.irge  coniferonw  trunks  (as  in  tl* 
neighbourhood  of  Edinburgh)  havo  hccn  imbedded  in  sandslonp,  s"^ 
hftvo  had  their  internal  microscopic  structure  well  prescn-oil.     In  f'^'' 

'  jfc  k  BmIu,  '  QwL  ObMTTiT,'  p.  501. 
.       .?>f  JgJP»'.1«"»*°P^  of  *ho  Nora  Scotiiui  i<«l.H,..l,li  liavc  yidJid  ii  luwt  it 
inMing  MHii^MnKtilal  oiBaaiiaw—lud-auiilH  awl  roplilcc 
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I,  the  drifted  trees  seem  to  have  sunk  with  their  heavier  or  root 
hing  the  bottom,  aud  their  upper  end  pointing  upward  in  the 
of  the  current,  like  the  snags  of  the  Mississippi,  and  to  have 
ipletely  buried  in  sediment  be- 

y- 

innous  layers  of  the  same  kind 

it  suggest  a  persistence  of  geo- 

Donditions ;    numerous    altema- 

different  kinds  of  sedimentary 

)oint  to  vicissitudes  or  altema- 

conditions.    As  a  rule,  we  should 

t  the  time  represented  by  a  given 

8  of  similar  strata  was  less  than 

wn  by  the  same   thickness  of 

.r   strata,   because  the   changes 

to  bring  new  varieties  of  sedi- 

o  the  area  of  deposit  would  usu- 

lire  the  lapse  of  some  time  for 

mpletion.     But  this  conclusion 

'ten  be  erroneous.     It  would  bo 

)ported    when,   from   the   verj'' 

f  the  rocks,  wide  variations  in 

acter  of  the  water-bottom  could 

lished.     Thus  a  group  of  shales, 
by    a    fossiliferous    limestone, 

lark  a  period  of  slow  deposit  aud  quiescence,  almost  always  of 

.uration  than  would  be  indicated  by  an  equal  depth  of  sandy 

ointing  to  more  active  sedimentation.  Thick  limestones  made  up 
of  remains  of  organisms  which  lived  and  died  upon 

■77^  ft  the  spot,  and  whose  remains  are  crowded  together 
generation  above  generation,  must  have  demanded 
prolonged  periods  for  their  formation. 

But  in  all  speculations  of  this  kind,  we  must 
bear  in  mind  that  the  relative  length  of  time  re- 
presented by  a  given  depth  of  strata  is  not  to  be 
estimated  merely  from  thickness  or  lithological  cha- 
racters. It  has  already  }>eon  pointed  out  that  the 
intei-val  between  the  deposit  of  two  successive 
laminae  of  shale  may  have  been  as  long  as,  or  even 
longer  than,  that  required  for  tlic  formation  of  one 
of  the  laminae.  In  like  manner,  the  interval  needed 
for  the  transition  from  one  stratum  or  kind  of  strata 
to  another  may  often  have  Ihjcu  more  than  equal  to 

\  required  for  the  formation  of  the  strata  on  either  side.     But 

tive  chronological  importance  of  the  bai*s  or  lines  in  the  geo- 

reoord  can  seldom  be  satisfactorily  discussed  merely  on  litho- 

graands.     This   must  mainly  be  decided  on   the  evidence  of 

2  I  2 


Fig.  215.— Erect  tree-tnink  rising  tliroiigh  a 
Huocenion  of  strau,  Killlngworth  Colliery, 
Newcastle  (^.)* 

a,  High  Main  Coal-seam;  6,  bitumluons  ukale; 
c,  blue  shide;  c/,  compact  sandstone;  e» 
shales  and  sandAtoues ;  /,  white  sandstones  \ 
g^  micaceous  sandstone ;  A,  shale. 


rcet  tree-trunk 
cdded  in  sand- 
)  AOd  shales  ((2 
Tior  flUed  with 
imljr  and  clayey 
b  and  the  whole 
f  *  HUidatonc- 


484  OEOTECTOmC  {STRUCTURAL)  GEOLOGY.       [Boca  IV. 

orgnnic  remains,  as  will  ho  shown  in  Book  V.  By  this  kind  of  evidence, 
it  can  1x3  inado  nearly  certain  that  the  intervals  represented  by  atrata 
were  in  many  oases  much  shorter  than  those  not  so  represented, — ^in 
other  words,  that  the  time  during  which  no  de2K>sit  of  sediment  went 
on  was  longer  than  that  wherein  deposit  did  take  place. 

Ternary  Succession  of  Strata. — In  following  the  order  of  scdi- 
mentation  among  the  stratified  rocks  of  the  earth's  cnist,  the  obserre] 
will  ho  led  to  remark  a  more  or  less  distinct  threefold  arrangement  oi 
sncccHsion  in  which  tlie  sandy,  muddy  and  calcareous  sediments  have 
followed  each  other.  Professor  Phillips  and  Mr.  Hull  have  called 
attention  to  this  structure,  illustrating  it  hy  reference  to  the  geologioa] 
formations  of  Great  Britain,  while  Pix)fessor  Newherry,  Dr.  Sterry  Hunt 
and  Principal  Dawson  have  discussed  it  in  relation  to  the  stratigraphical 
scries  of  North  America.  According  to  ]\Ir.  Hull  a  natural  cycle  oi 
sedimentation  consists  of  three  phases :  1st,  a  lower  stage  of  sandstones 
shales,  and  other  sedimentary  deposits,  representing  prevalence  of  land 
with  downward  movement;  2nd,  a  middle  stage,  chiefly  of  limestone 
rei)resenting  prevalence  of  sea  with  general  quiescence  and  elaboratior 
of  calcareous  organic  fonnations;  3rd,  an  upper  stage,  once  moi«  o 
mechanical  sediments  indicative  of  proximity  to  land.^  Where  the  strata 
arc  internipted  hy  disturbance  and  unconfonnahility,  we  may  suppose 
the  cycle  of  sedimentation  to  have  been  completed  by  upheaval  afte- 
})rolonged  subsidence.  But  where  the  continuity  of  the  formations  i 
unl)rokeD,  as  it  is  over  such  vast  tracts  in  North  America,  upheaval  i 
not  required,  and  the  facts  seem  explicable,  as  Phillips  long  ago  showec 
on  the  idea  of  prolonged  but  intermittent  subsidence.  Let  us  suppose 
downward  movement  to  commence,  and  to  depress  successive  sheets  • 
gravel,  shingle,  sand,  and  other  shallow  water  accumulations,  derive 
from  the  erosion  of  neighlx>uring  land.  If  the  depression  ho  comparB 
tively  rapid,  the  bottom  may  soon  be  earned  beyond  the  reach  of  at  leas^ 
the  coarser  kinds  of  sediment,  and  marine  lime-secreting  organisms  maa 
a  f tor  wards  begin  to  form  a  calcareous  floor  beneath  the  sea.  Let  u 
imagine  further,  that  the  subsidence  ceases  for  a  time,  and  that  by  tt- 
accumidation  of  organic  remains,  and  partly  also  by  the  deposit  of  fie 
muddy  sediment,  the  water  is  shallowed.  With  this  gradual  change  • 
depth,  the  coarser  detritus  begins  once  more  to  be  able  to  strotc: 
seawards,  and  to  oversi^-ead  the  limestones,  which,  under  the  altera 
circumstances,  cease  to  Ikj  formed.  A  gradual  silting  up  of  the  are 
takes  i)lace,  marked  by  beds  of  sand  and  mud,  until  a  renewal  of  tt 
subsidence,  either  suddenly  or  slowly,  restores  the  previous  depth  an 
clearness  of  water,  and  allows  either  the  old  marine  organisms,  whi(? 
had  been  driven  ofi^,  or  their  modified  descendants  to  reoccupy  the  are 
and  build  new  limestone. 

'  Phillips..  Mem,  (Uol  Surv.  ii. ;  *C4eol.  Yorkshire,'  ii. ;  *Geol.  Oxford,*  p.  29£ 
Hull,  Quart  Jour.  Set.  July,  18G0;  Ncwlwrry,  Proe.  Amtr.  Af$oc,  1S73,  p.  18£ 
rroe.  Lifeium  Nat.  JfM.  Netc  York,  2ml  8cr.  Nu.  4,  p.  122;  Hunt,  in  Logaud  *Gcolog 
of  Cunada,'  1803,  j).  027 ;  Anier.  Journ.  Set.  (2ud  scnc^),  xxxv.  p.  1G7 ;  DawBon,  Q,  /.  Gee 
Soc,  xxii.  p.  102 ;  *  Acadiuu  Gcolug/,'  p.  llio. 
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Oronpa    of   Strata. — Passing    from    individual    strata  to    largo 
of  stratified  rook,  tho  geologist  finds  it  needful  for  eonvenience 
of  referenoe  to  suMivide  these  into  groups.    Ho  avails  himself  of  two 
bases  of  olatsification — (1)  lithological  character,  and  (2)  organic  remains. 
1 .  The  subdivision  of  stratified  rocks  into  groups  according  to  their 
mineral  aspect  is  an  obvious  and  easily  applied  classification.     More- 
over, it  often  serves  to  connect  together  rocks  formed  continuously  in 
oertain  ciroumstanoes  which  differed  from  those  under  which  tho  strata 
alx>^e  and  below  were  laid  down — so  that  it  expresses  natural  and 
original  subdivisions  of  strata.     In  the  middle  of  the  English  Carbonic 
feroiia  system  of  rooks,  for  example,  a  zone  of  sandy  and  pebbly  beds 
ocouis,  known  as  the  Millstone  Grit.     No  abrupt  and  sharp  line  can  be 
dx^^m  between  these  strata  and  those  above  and  below  them.    They 
Bkade  upward  and  downward  into  the  beds  between  which  they  lie. 
Vet    they  form  a  conspicuous  belt,  traceable  for  many  miles  by  the 
•^^enery  to  which  it  gives  rise.     The  red  rooks  of  central  England,  with 
their  red  sandstones,  marls,  rock-salt,  and  gypsum,  form  likewise  a 
^''^ll-marked  group,  or  rather  series  of  groups.     It  is  obvious,  however, 
*'***t  characters  of  this  kind,  though  sometimes  wonderfully  persistent 
^^^^T  wide  tracts  of  country,  must  be  at  best  but  local.     The  physical 
^^^^ditions  of  deposit  must  always  have  been  limited  in  extent.     A  group 
^^  strata,  showing  groat  thickness  in  one  region,  will  be  found  to  dio 
^'^Kvay  as  it  is  traced  into  another.     Or  its  place  is  gradually  taken  by 
**^other  group  which,  even  if  geologically  contemporaneous,  poBsesses 
^^^*ally  different  lithological  characters.      Just  as  at  the  present  time,  a 
S'^'oup  of  sandy  deposits  gradually  gives  place  aK»ng  the   sea-floor  to 
^  t  I^OTS  of  mud,  and  these  to  others  of  shells  or  of  gravel,  so  in  former 
^OolQgiQj^l  periods,   contemporaneous  deposits  were  not  always  litho- 
^^Sically  similar.      Hence  mere  resemblance  in  mineral  aspect  cannot 
^^^i  filly  be  regarded  as  satisfactory  evidence  of  contemporaneity,  except 
*t.ljiii  comparatively  contracted  areas.     Tho  Carboniferous  Limestone 
already  (p.  480)  been  cited  as  a  notable  example.     Typically  in 
-Igium,  central  England,  and  Ireland,  it  is  a  thick  calcareous  group  of 
,  full  of  corals,  crinoids,  and  other  organisms,  which  bear  witness 
"tlio  formation  of  these  rocks  in  the  open  sea.     But  traced  into  the 
of  England  and  Scotland,  it  passes  into  sandstones  and  shales, 
numerous  coal-seams,  and  only  a  few  thin  beds  of  limestone.    Tho 
clay  beneath  the  city  of  London  is  represented  in  the  Alps  by  hard 

sts  and  contorted  limestones.      We  conclude,  therefore,  that  lithc- 

T^gical  agreement,  when  pushed  too  far,  is  apt  to  mislead  us,  partly 

*^^oauBe    contemjyoraneous    strata    often  vary   greatly  in    lithological 

^■^tiTactcr,  and  partly  because  the  same   lithological   characters  may 

appear  again  and  again  in  different  ages.     By  trusting  too  implicitly 

^     this  kind   of   evidence,   we  may  be  led    to    class   together   rocks 

"^longing  to  very  different  geological  periods,  and,  on  tho  other  hand, 

^  separate  groups  wliich  really,  in  spite  of  their  seeming  distinction, 

'^Qro  formed  contemporaneously. 

V 
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2.  It  is  by  the  remains  of  plants  and  animals  imbedded  among  tl 
stratified  rocks  that  the  most  satisfactory  subdivisions  of  the  gedogio 
record  can  be  made,  as  will  be  more  fully  stated  in  Books  V.  and  "V 
A  chronological  succession  of  organic  forms  can  be  made  out  among  t] 
rooks  of  the  earth's  crust.  A  certain  common  facies  or  type  of  fosnls 
found  to  characterise  particular  groups  of  rocks,  and  to  hold  true  evi 
though  the  lithological  constitution  of  the  strata  should  greatly  vai 
Moreover,  though  comparatively  few  species  are  universally  diffuse 
they  possess  remarkable  persistence  over  wide  areas,  and  even  wh< 
they  are  replaced  by  others,  the  same  general  facies  of  fossils  remaii 
Hence  the  stratified  formations  of  two  countries  geographically  distaz 
and  having  little  or  no  lithological  resemblance  to  each  other,  may  1 
compared  and  paralleled  simply  by  means  of  their  enclosed  organ 
remains. 

Order    of   Superposition — the    Foundation    of   Geologic; 
Chronology. — As  sedimentary  strata  were  laid  down  upon  one  anoth> 
in  a  more  or  less  nearly  horizontal  position,  the  underlying  beds  mu 
be  older  than  those  which  cover  them.     This  simple  and  obvious  tmi 
is  termed  the    Law  of   Superposition.      It  furnishes    the   means 
determining  the  chronology  of  rocks ;  and  though  other  methods 
ascertaining  this  point  are  employed,  they  must  all  be  based  original! 
upon  the  observed  order  of  superposition.     The  only  case  where  tl 
apparent  superposition  may  bo  deceptive  is  where  the   strata  ha* 
been  inverted,  as  in  the  Alps  (pp.  503,  504),  where  the  rocks  composii 
huge  mountain  masses  have  been  so   completely  overturned  that  t 
highest  beds  appear  as    if   regularly  covered  by  others  which  oug 
properly  to  underlie  them,      liut  these  are  exceptional  occurrenoi 
wherein  the  tx'ue  order  can  usually  be  made  out  from  other  sources 
evidence. 


Part  II.  Joints. 

All  rocks  are  traversed  more  or  less  distinctly  by  vertical  or  high' 
inclined  diviwional  planes  termed  Joints.^  Soft  rocks  indeed,  such  i 
loose  sand  and  uncompacted  clay,  do  not  show  these  lines ;  but  whe 
a  sedimentary  mass  has  acquired  some  degree  of  consolidation,  it  usual 
shows  them  more  or  less  distinctly.  It  is  by  means  of  the  intersection 
joints  that  rocks  can  be  removed  in  blocks;  the  art  of  qiiarryii 
consists  in  taking  advantage  of  these  natural  planes  of  division.  Joii 
difier  in  character  according  to  the  nature  of  the  material  which  th* 

'  ^I.  Dau1>rec  hns  proposed  a  olossification  of  the  various  divisional  planes  of  t(m 
(Ine  to  rupturo  of  original  continuity,  which  he  frronps  tof^ther  as  Litltoettues.  1.  Uu 
the  tenn  Leptoclase  hcdasscs  minor  fractures,  which  luay  be  either  (a)  syndoBeg,  piodiM 
by  some  internal  mechanical  or  molecular  action,  and  generally  by  coutraotion,  as 
cooling  and  dr}'ing ;  or  (b)  pie'Mcl^aset,  produced  by  some  external  mechanical  movenM 
particularly  b^  pressure,  as  in  the  structures  called  conc-iu-cono,  stylolites,  and  minUb 
marble.  2.  Viaclcues  correspond  to  what  in  Kiiglish  are  called  joints.  3.  Parada 
are  faults,    linU,  8(>c,  Gvol  France  (3)  x.  p.  i:JG. 


,]  JOINTS  IN  STRATIFIED  HOOKS. 

B ;  those  in  sedimeutary  rocka  are  uauall;  difltinot  from  those 
line  masaea. 

'a  Stratified  Rook*. — To  the  presenco  of  joints  some  of  t\ 
miliar  features  of  rock-Boenerj  aro  due  (Fig,  217).  Joiuts  Tar 
tngles  at  which  they  out  the  planea  of  bonding,  in  the  sliarpnos 
'  definition,  in  the  regularity  of  their  perpondicular  and  horizontal 
in  their  lateral  persiBteuoe,  in  number,  and  in  tlio  direotions  of 
iterMction.  Am  a  rule,  they  are  most  ahaiply  define<l  in  propor- 
the  fineness  of  grain  of  the  rock.  In  limestones  and  olose- 
L  shale*,  for  example,  thoy  often  occur  so  clean-out  as  to  lio 
le  nntil  revealed  by  foicturo  or  by  the  slow  disintograting  effectR 
weather.  The  rook  splits  up  along  thcso  concealed  lines  of 
1,  whether  the  agent  of  demolition  be  the  hammer  or  frost.  In 
textnred  rocks,  on  the  other  band,  joints  are  apt  to  slinw  thcm- 
w  more  irregular  sinuous  rents. 


le,  they  mn  perpendicular,  or  approximately  so,  to  the  planes 

and  descend  vertically  at  not  very  unequal  distances,  so 

■rtwna  of  rock  bc-twev-n  them,  when  seen  in  profile,  appear 

into  so  many  wall-like  maiwes.     But  this  symmttiy  often 

to  R  more  or  less  tortuous  course  with   lateral  joints  in 

aa  directions,  more  t-speciaHy  where  the  different  strata 

rably  in  lithological  characters.      A  fciuRle  joint  may  be 

ny  yards,  sometiiaes.  it   iji  saiil,  for  eevcral  milea,  more 

hen  the  rock  is  fine-grainc"3,  as  in  limestone,     IJut  where 

BOane  and  unequal,  the  joints,  though  abuudant,  run  iut-.. 

ndi  ft  way  that  no  one  in  particular  can  l^-.-  id'-ntified 

1  limited  distance.     Tlie  number  of  joinls  in  a  maic  '.'I' 

rarise  within  wide  limits.     Among  uirau  wi:i'-ii  Jiuve 

1  distarban<«   the  j'linti*  may  L*  n.-narat.-d  Ipm.  ".ii'.-ii 

I  of  wveral  yaris.     But  in  other  •hw.-b  w-J.-.f.-  ie!ii».trial 

een  considerable,  the  r-:-:k8  an.-  so  juint-.'d  a*  Vj  h»ve 
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Bcquiied    therefrom  a  fissile    oliaracter  that   has   nearly  or  irlloU 
ohlitoratod  their  tomiciicy  to  split  along  tho  Hues  ofbeddin^. 

An  important  feature  in  the  joints  of  stratified  rocks  ifl  the  diiw 
lion  in  which  they  intersect  each  other.  In  general  they  have  tw 
dominnut  tronda,  one  ooincident,  on  tho  whole,  with  the  direotion  i 
which  the  strata  are  inclined  from  the  horizon,  and  the  other  ronnin 
transTorscly  at  a  right  angle  or  nearly  so.  The  former  set  is  known  I 
dip-joints,  because  they  mn  with  the  dip  or  inclination  of  the  rooks ;  th 
latter  is  termed  ilrike-joitits,  inasmuch  aa  they  conform  to  the  itrika  e 
general  outcrop.  It  is  owing  to  the  existence  of  this  donblo  seriee  < 
joints  that  ordinary  quarrying  operations  can  be  carried  on.  Laz;g 
quadrangular  blocks  can  be  wedged  ofi',  which  would  be  shattered  i 
exposed  to  the  risk  of  blasting.    A  gnarry  is  usually  worked  to  the  dij 


of  a  rock  ;  henoe  the  strike-joints  form  clean-cut  faces  in  front  of  tl 
workmen  an  they  advance.  These  are  known  as  "backs,"  and  th 
dip-joinlH,  whicli  traverse  them,  as  "cutters."  The  way  in  wfaioh  th: 
double  set  of  joints  occurs  in  a  quariy  juay  bo  seen  in  Fig.  218,  vhai 
the  cloee  parallel  lines  traversinj;;  the  shaded  and  unshaded  &oeB  mat 
the  planes  of  stratification,  which  lioi-o  are  inclined  fiom  tho  Bpectata 
Tho  steep  faces  in  light  are  defined  by  the  strike-jointa  or  "bocks. 
Tho  faces  in  shadow  have  been  quarried  out  along  dip-joints  c 
"  cutters."  It  will  be  obeorvcd  that  the  long  face  in  sunlight  ia  ont  b 
parallel  lines  of  dip-joints  not  yet  opened  in  quarrying,  while  in  lik 
manner,  the  shaded  face  to  tlie  right,  is  that  of  a  dip-joint  which  i 
traversed  by  parallel  lines  of  strike-joint. 

Ordinary  household    coal  presents    a    remarkably  well-deyelopei 
system  of  jointa.    A  block  of  snob  coal  may  be  ohserved  to  bo  tr»Ter«ei 
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ly  fine  laminae,  the  Borfaces  of  many  of  which  arc  soft  and  soil  the 
£ngera.    These  are  the  phtnes  of  stratification.     Perpendicular  to  them 
jnm  dlYisional  planes,  which  cut  each  other  at  right  angles  or  nearly  so, 
^ud  ihns  divide  the  mineral  into  cubical  fragments.    One  of  these  sets 
€>f  joints  makes  clean  sharply  defined  surfaces,  and  is  known  as  the  face, 
^^fne,  deat^  or  hard ;  the  other  has  rougher,  less  regular  surfaces,  and  is 
Jcnown  as  the  end.    The  face  remains  persistent  over  wide  areas;  it 
to  define  the  direction  of  the  roadways  in  coal-mines,  which  must 
with  it. 
TThe  cause  of  jointing  has  not  been  satisfactorily  explained.     Accord- 
to  observations  made  by  Jukes,  both  strike-joints  aud  dip-joints 
in  beds  of  recently-formed  coral-rock  in  the  Australian  and  other 
\}  In  like  manner,  a  remarkably  definite  system  of  jointing  has  been 
noisiced  by  Mr.  Gilbert  in  the  recent  clays  and  muds  of  the  dried-up 
of  the  Sevier  lake  in  Utah.    Such  modem  sediments  have  certainly 


ONE  FOOT 


a 
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I*-  *l»---PlaTi  of  ooowe  conglomerate  of  blocks  of  Cambrian  rocks  In  Carboniferous  Limestone,  traversed 
"y  a  line  of  joint  cutting  the  individual  boulders  in  the  line  a  b.    Coast  near  Skerries,  Dublin  County  (».)• 

vk^^^  been  subject  to  the  pressure  of  any  superincumbent  rock,  nor  to 
J^  torsion  or  other  disturbance  incident  to  subterranean  movement. 
V^^  great  force  has  sometimes  been  concerned  in  the  production  of  the 
T^cture  is  instructively  shown  in  some  conglomerates,  where  the  joints 
^'^'^eTBe  the  enclosed  pebbles,  as  well  as  the  surrounding  matrix,  in  such 
*  '^^y  that  large  blocks  of  hard  quartz  are  cut  through  by  them  as 
?  .  ^Ply  a»  if  they  had  been  sliced  in  a  lapidary's  machine,  and  the  same 
joi^^  can  be  traced  continuously  through  many  yards  of  the  rock  (Fig. 

*^).^     Indication  of  relative  movement  of  the  sides  of  a  joint  is  often 
fJ^Pplied  by  their  rubbed  and  striated  surfaces,  termed  sUchensides,  which 

*^^ve  evidently  been  ground  against  each  other.     They  are  often  coated 

^^th  hcematite,  calcite,  chlorite,  or  other  mineral,  which  has  taken  a  cast 

^^  the  strife  and  then  seems  itself  to  be  striated. 

Various  theories  have  been  proposed  in  explanation  of  the  cause  of 

»  *  Manual  of  Geology,'  Srd  edition,  i>.  184. 
'  De  la  Bcche,  *  Gcol.  Observer,'  p.  C28. 
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joint-stnieture  ;  Imt  as  no  one  will  explain  every  case  it  isprobalile  that 
what  wo  call  joints  may  have  originated  in  several  di£ferent  wave,  or,  in 
other  words,  that  the  resnlts  of  several  distinct  natural  processes  are  ill 
indiscriminately  comprised  under  the  term  joint.  The  following  thcoiiei 
may  bo  enumerated. 

1.  Contractio  n. — The  contraction  of  rocks  would  give  rise  to 
fissures  of  retreat  in  their  mass.  It  is  conceivable  that  the  joints  of 
some  recent  and  partially  consolidated  rocks  may  bo  due  to  this  cause. 
The  prismatic  or  columnar  system  of  joints  observable  in  the  gypsum  of 
tlie  Paris  Basin,  of  which  the  beds  are  divided  from  top  to  bottom  into 
vertical  hexagonal  prisms,  may  be  an  instance.^  A  columnar  structure 
has  often  been  saperinduced  upon  stratified  rocks  (sandstone,  shale,  coal) 
}>y  contact  with  intrusive  igneous  masses  (p.  558). 

2.  Crystalline  or  Magnetic  Forces. — Jointing  has  liwn 
regarded  as  referable  to  forces  analogous  to  those  that  have  prodnoed  the 
cleavage  of  minerals,  the  difference  between  the  two  arising  i)erliap8 
from  tlie  forces  in  the  case  of  jointing  being  subordinat<;d  to  terrfstrial 
magnetism,  while  those  concerned  in  mineral  cleavage  are  obedient  to 
crystalline  jwlarity.^ 

3.  C  o  m  p  r  e  s  s  i  o  n. — Jointing  has  been  associated  with  cleavage  as 
ft  result  of  the  lateral  compression  of  rocks  (p.  288). 

4.  T  o  r  s  i  0  n. — From  experiments  on  the  behaviour  of  various  sub- 
stances under  the  strain  of  torsion,  M.  Daubree  concludes  that  a 
system  of  joints  may  be  explained  as  the  results  of  the  torsion  of  strata 
arising  during  the  movements  to  which  the  crust  of  the  ciirth  has  licen 
Kul)JGcted.^ 

Joints  form  natural  lines  for  the  passage  downward  and  upwarl 
of  subterranean  water.  They  likewise  furnish  an  effective  luilguient 
for  tho  action  of  frost,  which  wedges  off  blocks  of  rock  in  the  manner 
already  described  (p.  380).  As  they  serve,  in  conjunction  vdili  U'dili"??' 
to  divide  stratified  rocks  into  large  quadrangular  blocks,  their  iufluonct? 
in  the  weathering  of  these  rocks  is  seen  in  the  symmetrical  and  anl»^' 
tectiiral  as  well  as  splintered,  dislocated  aspects  so  familiar  in  tlw 
Hcenery  of  sandstone  and  limestone  districts. 

2.  In  Massive  (Igneous)  Rocks. — While  in  stratified  rocks,  tV 
divisional  planes  consist  of  lines  of  bedding  and  of  joint,  cutting  cfti*^ 
other  usually  at  a  high,  if  not  a  nght  angle ;  in  massive  (igneous)  rwk-S 
they  include  joints  only  ;  and  as  these  do  not,  as  a  rule,  present  the  same 
parallelism  as  lines  of  bedding,  unstratified  rocks,  even  though  as  full  of 
joints,  have  not  the  regularity  of  arrangement  of  stratified  fonnati^a»* 
Some  massive  rocks  indeed  may  have  one  system  of  divisional  jto^ 
HO  Itiigoly  doveloiied  as  to  acquire  a  bedded  or  fissile  character.  Tbia 
stniLtiiic,  rhuracteristically  shown  by  jihonolites,  may  also  be  det(H.'td 
amt>ng  ancient  porphyries  (Fig.  220).     3Iost  massive  rocks  are  traversei 

'  Jukes'  'IManuaV  3rd  edition,  p.  180. 

«  Prcjf.  W.  King,  Tranfi,  Roy.  J//«7i  Acad.  xxv.  (1875)  p.  CAl. 

'  •  Etudes  de  Geblogio  Expt'rimentale,*  p.  300. 
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f  two  intersecting  setn  of  chief  or  "  master  "  jointa,  whereby  the  rook  ia 
ivided  into  long  quadrangnlar,  rhomboidal,  or  oven  polygonal  oolnmns. 
.  third  Bet  may  usually  be  notioed  cuttlug  across  the  columns  and 
rtioiilatuig  them  into  segmcnta,  though  geuerally  lose  continnouB  and 
ominant  than  the  others  (Fig.  221).  When  these  last-named  croM- 
lints  are  absent  or  feebly  dcvelo]^)ed,  coIudiilb  many  feet  in  length  can 
e  quarried  out  entire.  Such  monoliths  have  been  from  early  times 
mplc^ed  in  the  construction  of  obeliska  and  pillars. 


Flj,  MO.— Porplijrj,  mat  Cljnog 


In  large  masses  of  granite,  an  ontwanl  inclination  of  the  natural 
^Tiuonal  pianos  of  the  rock  may  sometimcB  he  obHcrved,  as  if  the 
Snnite  were  really  a  rudely  Iwddod  mass,  having  a  dip  towards  and 
uder  the  strata  which  rest  upon  its  flanks.  It  is  not  a  foliated  nrrange- 
BWnt  of  the  constituent  minerals  analogous  to  the  foliation  nf  gneiss, 
for  it  can  bo  traced  in  perfectly  amorphous  and  thoroughly  crystalline 
Sranite.  but  is  undnuhtedly  a  form  of  jointing  by  reaaon  of  wliioh  the 


RKi  weathora  into  largo  Mocks  piled  one  niwn  another  like  a  kind  of 
'■Je  Cyclopean  maeonry.'  In  the  qnarrj-ing  of  granite,  the  workmen 
"oognise  that  the  rock  splits  into  blocks  ninch  more  easily  in  one 
direction,  though  extflmnlly  there  is  no  truce  of  any  stnicturo  wliich 
Knld  give  riae  to  this  tendency. 

'  In  tlia  granite  of  Iho  n 
itwnrd,  a  Kind 
■7<UUiu)  tcbiati. 


492  OEOTECTONIC  {STBUCTUBAL)  GEOLOGY.       [Book  IV 


Books  of  finer  grain  than  granite,  such  as  many  diorites  and  doleritei 
acquire  a  prismatic  structure  from  the  number  and  intersection  of  per 
pendicular  joints.  The  prisms,  however,  are  unequal  in  dimensioni 
as  well  as  in  the  number  and  proportions  of  their  sides,  a  freqnen 
diameter  being  2  or  3  feet,  though  they  may  sometimes  bo  observei 
three  times  thicker,  and  extending  up  the  face  of  a  cliflF  for  300  or  40( 
feet.  It  is  by  means  of  joints  that  precipitous  faces  of  crystalliiie,  m 
less  than  of  sedimentary',  rock  are  produced  and  maintained,  for  they  aervi 
as  o^wningfi  into  which  frost  drives  every  year  its  wedges  of  ice.  The; 
likewise  give  rise  to  the  formation  of  the  fantastic  pinnacles  and  frettei 
buttresses  characteristic  of  massive  rocks. 

As  lava,  erupted  to  the  surface,  cools,  and  passes  into  the  solid  oon 
dition,  a  contraction  of  its  mass  takes  place.  This  diminution  of  bnlk  i 
accom])anied  by  the  development  of  divisional  planes  or  joints,  mop 
especially  diverging  from  the  upper  and  under  surfaces,  and  intersect 
ing  at  irregular  distances,  so  as  to  divide  the  rock  into  rude  prismi 
Occasionally  another  series  of  joints,  at  a  right  angle  to  these,  travene 
the  mass,  parallel  with  its  upx)er  and  under  surfaces,  and  thus  the  rocs 
acquires  a  kind  of  fissile  or  be<lded  appearance.  The  most  characterifltr 
structure,  however,  among  volcanic  rocks  is  the  prismatic,  or,  as  it 
incorrectly  termed,  "basaltic."  Where  this  arrangement  occurs,  as 
so  commonly  does  in  basalt,  the  mass  is  divided  into  tolerably  legnla 
pentagonal,  hexagonal,  or  irregularly  polygonal  prisms  or  columns,  s^ 
close  together  at  a  right  angle  to  the  main  cooling  surfaces  (Fig.  2225 
These  prisms  vary  from  1  inch  or  even  less  to  18  or  more  inches 
diameter,  and  range  up  to  100  or  even  150  feet  in  height.  Mar: 
excellent  and  well-known  examples  of  columnar  structure  are  exhibita 
on  the  coast-cliflfs  of  the  Tertiarj'  volcanic  region  of  Antrim  and  the 
of  Scotland,  as  in  the  Giant's  Causeway  and  Fingal's  Cave.  In 
cases,  no  sharp  line  can  be  drawn  between  a  columnar  basalt  and  il 
beds  above  and  below,  which  show  no  similar  structure,  but  into  whic 
the  prismatic  mass  seems  to  pass. 

Considerable  discussion  has  arisen  as  to  the  mode  in  which  tk- 
columnar  structure  has  been  produced.  That  it  is  a  species  of  jointing 
due  to  contraction,  was  long  ago  j)ointed  oiit  by  Scrope,  and  is  now  gen* 
rally  conceded,  though  the  conditions  under  which  it  is  produced  are  np 
quite  clear.^  Prof,  James  Thomson  showed  how  the  columnar  structur: 
might  be  explained  as  a  phenomenon  of  contraction,  and  subseqnentl 
Mr.  Mullet  concluded  that "  all  the  salient  phenomena  of  the  prismatic  aic 
jointed  stmcture  of  basalt  can  be  accounted  for  \\\>on  the  admitted  lai* 
of  cooling,  and  contraction  thereby,  of  melted  rocks  possessing  the  know 
properties  of  basalt,  the  essential  conditions  being  a  very  geners 
homogeneity  in  the  mass  cooling,  and  that  the  cooling  shall  take  pla^ 
slowly,  principally   fi-om  one   or  more  of  its  surfaces."     In   the  mxxz 

*  (t.  p.  Scropc, '  Geology  oud  Extinct  Volcanoes  of  Central  France,*  p.  92.  J.  Thoootc: 
Brit.  Assoc.  18C3,  sects,  p.  95.    R.  Mallet,  Froc.  Roy.  Soc.  1875;  Phil  Mag.aer, 
vol.  i.  pp.  122, 201.    T.  G.  Bonney,  Q.  J.  Oeol  Sor.  187G,  p.  140. 
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periectly  ooImnnaT  basalts,  tho  colnmnH  arc  Hometimcii  articulutoil,  each 
px-ism  lieing  separable  into  vcrtcbne,  with  a  cii]) -and -ball  eockct  at  each 
articulation  (Figs.  223  and  224).  This  pccnlinrity  is  tracctl  by  Mr. 
Af  allet  to  the  contractioa  of  each  priaiu  in  its  length  and  in  ite  dia- 
iiiet^^T,  and  to  the  consequent  production  of  transverse  joints,  wliich,  na  the 
reBuItant  of  the  two  contracting  strains,  aro  oblique  to  tho  sides  of  the 
l>x-iaxn,  but,  as  the  obliquity  lessons  towards  the  centre,  aseunie  neccs- 
Bo-rily,  when  perfect,  a  cup-shape,  the  convex  surface  iwiiiting  in  tho  same 
cllz^ctiou  as  that  in  which  tho  prism  has  grown.  This  explanation,  how- 
©"ver,  will  hardly  account  for  cases,  whieli  aro  not  uncommon,  where  tho 
cou-vexity  points  the  other  way,  or  where  it  is  sometimes  in  one  direction 
cknd  somotiines  in  the  other.'  Ilio  remarkable  spheroids  (Fig.  Uti)  which 
■appear  in  many  weathered  igneous  rocks  besides  basalts,  where  they  aro 
z>ot  the  result  of  weathering,  may  bo  due  to  continued  coutmction  within 
the  hox^onal  or  polygonal  spaces  defined  by  the  columnar  joints  and 
*5>^K»aa.joinls  of  a  cooling  mass,  'i'he  contraction  of  those  blocks  would 
t-^^a.*!  to  the  development  of  successivo  apheroiilal  shells,  which  might 
*"^xai«iu  niittnally  adherent  and  invisible  in  a  freeh  fracture  of  the  rock, 


y"^t  might  make  their  presence  offoctive  during  the  complex  proccsaefl  of 

"^^""•i^thering.'      After  some  exposure,  the  spheroids  of  basalt  begin  to 

^l"»I»ear,  and  gradually  crumble  away  by  tlie  succossive  formation  and 

'-■■i^^ippcanuico  of  external  weathered  crusts  or  awtts,  ivhich  fall  off  into 

^■'*'^t»d  and  clay.     Almost  all  angitic  or  homblcndic  ro<.'fe8,  with  many 

4s  ""^^nitoa    and    porphyries,   exhibit    the    tendency    to    decompose    into 

*"*>T->-»<lcd  spheroidal  blocks.     The  cohiiunar  stnictitre,  though  abundant 

^■'***<mg  modem  volcanic  rocks,  is  by  no  means  confined  to  tliesc.     It  ia 

CXH  >vb11  displayed  among  the  felsites  of  tho  T,ower  Old  Red  f^andstone,  and 

*  «■«  Walta  of  tbo  Carboniferous  Ijimesti^nic  in  cenfral  Scotland,  aa  among 

"til*;  Tertiary  lavua  of  Auvcrgnc  or  tho  VivaraiK. 

As  already  stated,  prismatic    forms   have  boon   Kui«iinduocd  upon 
*^^**^i8  by  a  high  teuiiierature  and  subsequent  cooling,  us  wliere  coal 

,^.,  ,'  Mr.  Bctuiw  poiutiil  Uiia  out  (fl«J,  M.»ij,  KeiitouiKr  1875),  though  J[r.  Mallet 
J^-lJ*"'  November  1875j  n-pliwl  thut  iu  uuch  cuaoa  the  uttiouliitioiis  must  be  runned  jniit 
ll?~*'t  the  dividing  anrliteo,  l>ot«Eicn  the  part  of  tlie  ruvk  wliioli  cooled  l>om  aliovo  and 
»_ .  '  Wliich  cfKili^  from  l>clow.    Seo  tiaa  on  Ihid  subject  J.  t'.  U'lteiUy,  Tram.  Bog. 

'«>  Jeoii.  xxvi.  (IMT!))  p.  (HI. 
Ml-,, .  I><»i""-7i  Q-  ■'■  ''<«'■  **«■  1870,  p.  l,")l,    Thu  iKTlitio  slructuni  in  probably  u  uiicru- 
WQ  eXMDiile  uT  thu  Btuou  kiud  of  ountractiuu. 
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and  Baiidstono  liave  been  invaded  by  basalt.  They  may  likevrue  1 
observed  to  arise  during  the  consolidation  of  a  substance  from  aqaeoi 
solution.  In  starch,  for  example,  the  columnar  structure  may  be  ¥re 
developed,  and  not  iufrefjuently  radiates  from  certain  oentroB,  as  i 
basalt  and  other  igneoiis  rocks. 

3.  In  Foliated  (SchiBtose)  Rocks. — The  schists  likewise  jiom^ 
their  joints,  which  approximate  in  cliaracter  to  those  among  the  massif 
igneous  rocks,  but  they  are  on  the  whole  less  distinct  and  ooDtiniioi] 
while  their  ofTcct  in  dividing  the  rocks  into  oblong  masses  is  comside 
ably  modified  by  the  transverse  lines  of  foliation.  These  lines  pis 
somewhat  the  same  part  as  those  of  strati 6  cation  among  the  stratifi< 
rocks,  though  with  less  definiteness  and  2)recisioii.  The  jointing  of  tl 
more  massive  foliated  rocks,  such  as  the  coarser  varieties  of  gneif 
approaches  most  closely  to  that  of  granite ;  in  the  finely  fissile  schists,  t 
the  other  hand,  it  is  rather  linkeil  with  that  of  sedimentary  fonnatioi 
Upon  these  differences  nuich  of  the  characteristic  variety  of  outlii 
presented  by  cliffs  and  crests  of  foliated  rocks  depends. 

Part  III.  Inclination  of  Rocks. 

The  most  casual  observation  is  sufficient  to  satisfy  us  that  the  roc] 
now  visible  at  the  earth's  surface  are  seldom  in  their  original  positio 
We  meet  with  sandstones  and  conglomerates  composed  of  water-woi 
particles,  yet  forming  the  angular  scarps  of  lofty  mountains ;  shales  ai 
clays  full  of  the  remains  of  fresh- water  shells  and  land-plants,  yet  corez^ 
by  limestones  made  up  of  marine  organisms,  and  these  limestones  risii 
into  great  ranges  of  hills,  or  undulating  into  fertile  valleys,  and  passit 
under  the  streets  of  busy  towns.  Such  facts,  now  familiar  to  eve 
reader,  and  even  to  many  observei*8  who  know  little  or  nothing  of  sj 
tematic  geology,  point  unmistakably  to  the  conclusion  that  most 
the  rocks  of  the  land  have  been  formed  under  water,  sometimes  in  laki 
more  freciuently  in  the  sea,  and  that  they  have  been  elevated  into  lanci 

But  further  examination  discloses  other  and  not  less  convincing  e^ 
dence  of  movement.  Judging  from  what  takes  place  at  the  present  tii 
on  the  bottoms  of  lakes  and  of  the  sea,  we  confidently  infer  that  wh 
the  strata  now  constituting  so  much  of  the  solid  framework  of  the  lai 
were  formed,  they  were  laid  down  nearly  horizontally,  or  at  least  at  Ic 
angles  {anUy  p.  464).  When,  therefore,  we  find  them  inclined  at  all  angli 
and  even  standing  on  end,  we  conclude  that  they  have  been  distnrbc 
Over  wide  spaces,  they  have  been  upraised  bodily  with  little  alterati* 
of  horizontality  ;  but  in  most  places,  some  departure  from  that  origin 
lx>«ition  has  been  effected. 

Dip. — The  inclination  thus  given  to  rocks  is  termed  their  Dip.  ] 
amount  is  expressed  in  degrees  measured  from  the  plane  of  the  horisc 
Thus  a  set  of  rocks  half-way  between  the  horizontal  and  vortical  positi 
would  1)0  said  to  dip  at  an  angle  uf  46°,  while  if  vertical  they  won 
bo  marked  with  the  angle  of  DO^.     I'he  inclination  is  measured  wi 
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nstmmeiit  termed  the  Clinometer,  which  is  variously  made,  hut 
'liich  one  of  the  simplest  forms  is  shown  in  Fig.  225.  This  consists 
thin  strip  of  boxwood,  two  inches  broad,  strengthened  with  brass 
g  the  edges,  and  divided  into  two  leaves,  each  6  inches  long,  hinged 
iher,  80  that  when  opened  ont  they  form  a  foot-nile.  On  the  inside 
oe  of  these  leaves,  a  graduated  arc  with  a  pendulum  is  inserted. 
sn  the  instrument  is  held  horizontally,  the  pendulum  points  to  zero. 
en  placed  vertically,  it  marks  90°.     By  retiring  at  a  right  angle  to 


p'l'l^'i'piii 


Fig.  225.— <niiiometer— the  leaf  containing  the  pendulum  and  index. 

(Half  the  size  of  the  original.) 

direction  of  dip  of  a  group  of  inclined  beds,  and  holding  the  cli- 
neter  before  the  eye  until  its  upper  edge  coincides  with  the  line  of 
Iding,  we  readily  obtain  the  amount  or  angle  of  dip.  In  observations 
ihis  nature,  it  is  of  course  necessary  either  to  place  the  clinometer 
btiy  parallel  with  the  direction  of  dip,  or,  if  this  be  impossible,  to  take 
>  measurements,  and  calculate  from  them  the  true  angle.^  Simple 
observation  of  dip  is,  it  is  attended  with  some  liabilities  to  error, 


Fig.  226. — Apparently  horizontal  strata  (/>'.). 

ioft  which  the  observer  should  be  on  his  guard.  A  single  face  of  rock 
J  not  disclose  the  true  dip,  especially  if  it  be  a  clean-cut  joint-face. 
Pig.  226,  for  example,  the  strata  might  be  supposed  to  be  horizontal  ; 
J  another  side  view  of  them  (as  Fig.  227)  might  show  them  to  be 
itly  inclined  or  even  nearly  vertical. 

'  In  JokeB*  *  3Ienioir  on  tlio  South  Staffordshire  Conl-Pield/  in  Memoirtf  of  GeoL 
■qf  (2nd  edit  p.  213),  a  formula  is  given  for  calculating  the  true  dip  from  tlie 
Kent  dip  seen  m  a  cliff.  A  gra])hical  method  of  computing  tlio  tnie  di])  from 
emttoDS  of  two  apparent  dips  lias  been  miggested  by  IMr.  W.  H.  Dal  ton,  Geol. 
y^  X.  p.  832.    Bee  also  Green's  '  Physical  Geology,'  18^2,  p.  40(>. 
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Again,  a  dfcepti\-c  surface  inclination  is  iiut  unfrcqaently  to  be  aeei 
amon}r  thiu-lieddcd  strata.  Mere  graTitation,  aided  by  the  downwud 
prewnro  of  sliding  dctritna  or  "  soil-cap,"  snffioes  to  bend  over  the«d{;H 
of  fissile  strata,  which,  thoogh  really  dipping  into  the  hill,  am  tlni 
made  to  appear  superficially  to  dip  away  from  it  (Fig.  228).  tjimilir 
effects,  with  even  proofs  of  contortion,  may  be  noticed  nnder  bonldR 
clay,  or  in  other  sitnations  where  the  rocks  have  been  bent  ovei  ai 
cnishcd  by  a  maxs  of  ice. 

When  tho  dip  is  outward  in  every  <lirectioti  from  u  (.-entral  point,  il 
is  said  to  lie  gad-qud-vereal  (A  in  Fig.  230).    Strata  thus  affected  ui! 


r-Vcccplire  impcificlal  ill 


T\g.  tn.— Rnl  lodhutlon  of  itnte  ihoini  lu  Fig.  9H  (A.). 


thrown  into  a  dome-shaped  structure,  while  when  the  dip  is  towMih* 
central  point,  they  have  a  basin-shaped  structure. 

Outcrop. — Tho  edges  of  strata  whioli  appear  at  the  surface  of  ll*    , 
ground  are  termed  their  Outcrop  or  Basnet.     If  the  strata  are  qui* 
horizontal,  tho  direction  of  outcrop  depends  on  inequalities  of  the  grouw 
and  variations  in  amount  of  denudation.     I'erfectly  level  ground  IjinE 
upon  horizontal  bods  shows,  of  courKc,  no  outcrop,  for  tho  surface  u"""     - 
cides  with  a  plane  of  stratification.     Bui    j 
occasional   water-courses  have  usnally  1**     ■ 
eroded  below  tho  general  level,  so  as  to  re- 
veal along  their  sides  outcroiis  of  the  Bt«l»- 
Tlie  remarkalile  siiiuositieB  of  outcrop  in"- 
ducod  by  the  unequal  erosion  of  horiiouW 
strata  are  illustrated  in  Fig.  22!',  wlien'A" 
a  map  of  a  piece  of  ground  deeply  trenched  by  vulleyn,  and  It  tlut 
of  an  area  eomiiaratively  little  denuded.     In  both  cases  tho  outcKl* 
are  seen  to  wind  ronnd  tho  sides  of  tho  slojios. 

Where  strnta  are  inclined,  the  coureo  of  their  onteiop  is  regiilaW 
partly  by  tho  direction  and  amount  of  inclination,  and  pitrtlv  hy  tbt 
fonu  of  tho  ground.  When  with  low  angles  of  dip  they  rrvji  rml,  ii"^ 
ia,  lisa  to  the  mr&ce,  along  a  perfectly  level  piece  of  ground,  lie  i"'' 
onjt  ntu  Kt  &  right  angle  to  tlie  dip.  lint  any  ineiiualitii'S  of  the  Xl^ 
fiuM^jMta  Jk.-wUbyH,  nvvincB,  hills,  and  ridges,  will,  iis  in  the  oiw  ff 
hoifr-  "■•  H  •Moaa  the  outcrop  to  dcscrilW  a  circuitous  ouunu,  even 
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the  dip  should  remain  perfectly  steady  all  the  while.  If  a  line 
pitons  gorge  should  run  directly  with  the  dip,  the  outcrop  will 
1  coincident  with  the  dip.  The  occurrence  of  a  gently  fihelving 
u  that  position  will  cauBO  the  outcrop  to  descend  on  one  side  and 
t  in  a  corresponding  way  on  the  other,  bo  as  to  form  a  V-shaped 
don  in  its  course.  A  ridge,  on  the  other  hand,  will  produce  a  de- 
in  the  opposite  direction.  Hence  a  scries  of  parallel  ridgea  and 
running  iu  the  same  direction  as  the  dip  of  the  strata  under- 
anses  the  outcrop  to  describe  a  widely  ser[)cntinons  course, 
breadth  of  the  outcrop  de- 
)n    the    thiofeness    of    the 

and  on  the  angle  of  dip 

m©  foot  thick  inclined  at 

i  of  1°,  on  a  perfectly  level 

ground   would  have  an 

about  60  feet  broad     At 

5°  the  breadth  of  the  out- 
nld  be  a  httlo  over  11  feet 
it  would  be  reduced  to  2 
id  the  diminution  would 
)  until  when  the  bed  woe 
the  breadth  of  the  outcrop 
of  course,  exactly  corre- 
nth  the  thickness  of  the 

18  further  to  bo  observed 
ong  vertical  rocks  the  di- 
of  the  outcrop  nctCBsanly 
nds  with  the  strike,  and 
»  to  do  so  irrespective  al 

of  any  irrcgulantts  of  the 
The  lower  thcretjre  the 

inclination  the  greater  is 
ot    of    surface-inequalities 
le    lino    of    outcrop      the 
iie  auglt,  the  Itss  is  that       ~    us^sinno 
B,  till  when  the  !«  U  stand  ptpding 

I  ceases.  contonmble  boriiontal  b<d«. 

ke. — A    line   drawn  at    a 

igle  to  tho  dip  is  called  the  S  t  r  i  k  o  of  the  rocks.  From 
,s  just  been  said,  this  lino  must  coincide  with  outcrop  when 
aoe  of  the  ground  is  quite  level,  as  on  the  beach  in  Fig.  230, 
I  when  tho  beds  are  vertical.  At  all  other  times,  strike  and 
are  not  strictly  coincident,  but  the  latter  wanders  to  and  fro 
le  former  according  to  changes  in  the  contour  of  the  p^imd. 
ike  may  be  a  straight  line,  or  may  curve  rapidly  in  every 
I,  according  to  tho  Ixjhaviour  of  the  dip.  A  set  of  beds  dipping 
ds  for  half  a  mile  (a  to  h.  Fig.  230)  have  a  north  and  south 

2  K 
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strike  for  the  samo  distance.  If  the  dip  chaiigcB  to  S.W.,  8.,  S.Ei.,  and 
E.,  the  strike  will  bend  round  in  a  curving  line  (u  at  8).  In  the  oaM 
of  ft  gud-qud-vergal  dip  the  strike  forma  a  completa  circle  (as  at  A). 
The  dip  being  ascertained  gives  the  strike,  hut  the  strike  does  not 
certainly  indicate  flie  direction  of  dip,  which  may  be  either  to  the  one 
side  or  the  other.  Two  gronpfl  of  strata  dipping  the  ono  eaat  and  the 
other  west,  have  both  a  north  and  south  strike.  Strike  may  be  conoeived 
as  always  a  level  line  on  the  plane  of  the  horizon,  so  that,  no  matter 
how  muoh  the  ground  may  undulate,  or  the  ontcrop  may  vary,  or  t]ifi_ 
dip  m&y  change,  the  strike  will  remain  horizontal.  Hence  in  minin^^ 
operations,  it  is  commonly  spoken  of  as  the  lewl-courK  or  level-learing,.^ 


f^ 

Fig.  aM^-OMlDflal  Mip,  all 


U  «fiUiini»ulT  eipmcd  along  ■  buch  ud  occxItniUr 


A  "  level "  or  underground  roadway,  driven  through  a  coal-seam  ^^ 
right  angles  to  the  dip,  will  undulate  in  its  trend  if  the  dip  changes  ^^ 
direction,  but  it  may  be  made  j)erfectly  level,  and  kept  so  throughoi-^ 
a  whole  coal-field  so  long  as  it  is  not  interfered  with  by  dislocations. 

In.  Fig.  230,  the  atriks  and  onlorop  are  coiooideDt  on  the  flat  beach,  but  oeue  "^ 
be  so  the  momoDt  the  grannd  begina  to  slope  up  into  the  coaat-oUff.  Ttda  i*  Men  ^tf 
the  eaetem  hnlf  of  the  map,  where  the  lioea  of  oatcrop  slant  np  into  the  cliff  at  ^■•^ 
angle  dependent  maiolj  on  the  auonnt  of  the  dip.  A  taction  dreina  in  tha  lino  h  C^ 
would  Bhow  the  geulog;ioal  Btractnre  repreBeoled  in  Fig,  231.  By  noting  the  angle*  <^* 
dip  it  to  iWBsible  to  estimate  the  tbickneae  of  a  series  of  beds,  and  bow  tar  bwie«Ui  tb.^ 
BurfliLoe  onj  giTen  bed  might  be  expected  to  bo  found.  If.  fot  iiurtanoa,  the  hotiaonlv' 
dUUnce  oorosa  the  slrike  between  beds  S  and  A  (Fi<r.  230)  were  found  to  be  !00  ttetr 
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mean  dip  of  15^  the  actual  thickaeBS  would  be  51*8  feet,  and  bod  A  would  bo 
it  a  depth  of  53*8  feet  below  the  outcrop  of  S.  If  the  same  doyelopment  of  strata 
les  mUmd,  the  bed  a  should  be  found  at  a  little  more  than  200  feet  beneath  the 
,  if  a  bore  were  sunk  to  it  in  the  quarry  (Q).  If  the  total  depth  of  rock  between 
b  bo  1000  feet,  then  evidently,  if  the  strata  could  be  restored  to  their  original 
imately  horizontal  position,  with  bed  a  nt  the  surface,  bed  b  would  be  covered 
)pth  of  lOOO  feet  It  will  be  noticed  also  that  as  the  angle  of  clip  increases,  the 
«  are  thereby  brought  closer  together.  Where  the  outcrops  run  along  the  face 
ir<»  steep  bank  (B)  they  must  likewise  be  drawn  together  on  a  map.  In  reality, 
Be,  these  variations  may  take  place  though  the  same  vertical  thickness  of  rock 
here  intervenes  between  the  several  outcrops. 

B  usually  desirable  to  estimate  the  thicknesses  of  strata,  especially  where,  as  in 
M).  they  are  exposed  in  continuous  section.    A  convenient  though  not  strictly 


Fig.  231.~^ection  along  the  line  L  L'  in  Fig.  330. 

e  rule  for  this  purpose  may  be  applied  in  oases  where  the  angle  of  inclination  is 
in  45^.  The  real  thickness  of  a  mass  of  inclined  strata  may  be  taken  to  be 
I  apparent  thickness  for  every  5°  of  dip.  Thus  if  a  set  of  beds  dips  steadily  in 
9etion  at  5^  for  a  horizontal  space  of  1200  feet  measured  perpendicularly  to  the 
Uieir  actual  thickness  will  be  ^,  or  100  feet.  If  the  dip  be  15%  the  true 
»  will  be  ^  or  800  feet,  and  so  on.* 


Part  IV. — Curvature. 

little  reflection  will  show  that  though,  so  far  as  regards  the  trifling 
08  of  the  rocks  visible  at  the  surface,  we  might  reganl  the  inclined 
es  of  strata  as  jmrts  of  straight  lines,  they  must  nevertheless  be 


Fig.  232.— Section  of  inclined  strata. 

of  largo  curves.  Take  for  example  the  section  in  Fig.  232.  At 
eft  hand  the  strata  descend  beneatli  the  surface  at  an  angle  of  no 
than  15^,  but  at  the  opposite  end  the  angle  has  risen  to  60°.  There 
I  no  dislocation  or  abrupt  change  of  inclination,  it  is  evident  that 
eds  cannot  proceed  indefinitely  downward  at  the  same  angle  which 
have  at  the  surface,  otherwise  they  would  run  away  from  each 
but  must  bend  round  to  accommodate  themselves  to  the  difference 
dination.  By  prolonging  the  lines  of  the  beds  for  some  way 
feh  and  above  sea-level,  we  can  show  graphically  that   they  are 

mtimnta^n  •  Geology  of  Fife  and  the  Lothians,'  2nd  edit.  p.  xix.  For  tables 
■ttttng  dip  and  thickness  see  Jukes'  'Manual,*  p,  748;  Green's  'Physical 
'/  ».  &0. 
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necessarily  curved  (Fig  233).  A  Bection  of  this  kind  brings  out  dearly 
the  additional  fact  that  an  npward  continnation  of  the  curved  beds  moat 
have  been  carried  away  by  the  denudation  of  the  surface.     In  every  — 


FlK-  333,— Section  of  IDdlnnl  n 


rfnit  thnt  tbrj  fonn  pirt  nli  I 


instance  therefore  where,  in  walking  over  tho  siirfaoe,  we  traverse 
Bpries  iif  Ktrata  which  urailually,  fttid  without  dislocations,  increane 


diiniuiKh  in  inclination,  we  cro«R  part  of  a  cnrvatnre  in  the  ntrata  of  #i  '•^ 
earth's  crust.  The  foldings,  however,  can  often  bo  distinctly  seen  <^'' 
olifis,  coast-lines,  or  other  exposures  of  rock  (Fig.  234).     The  obfl 
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cannot  long  oontinue  his  researches  in  the  field  without  discovering  that 
the  strata  composing  the  earth's  outer  crust  have  been  ahnost  every- 
where thrown  into  curves,  usually  so  broad  and  gentle  as  to  escape 
observation  except  when  specially  looked  for. 

If  the  inclination  and  curvature  of  rocks  are  so  closely  connected,  a 

corresponding  relation  must  hold  between  their  strike  and  curvature. 

In  fact,  the  prevalent  strike  of  a  region  is  determined  by  the  direction 

of  the  axes  of  the  great  folds  into  which  the  rocks  have  been  thrown. 

If  the  curves  are  gentle  and  inconstant,  there  will  be  a  corresponding 

variation  in  the  strike.     But  should  the  rocks  be  strongly  plicated,  there 

will  necessarily  be  the  most  thorough  coincidence  between  the  strike 

axid  the  direction  of  the  plication. 

Monoolines. — Curvature  occasionally  shows  itself  among  horizontal 

ur  gently  inclined  strata  in  the  form  of  an  abrupt  inclination,  and  then 

axi.  immediate  resumption  of  the  previous  flat  or  gently  sloping  character. 

rJtie  strata  are  thus  bent  up  and  continue  on  the  other  side  of  the  fold 

at;    a  higher  level.     Such  bends  are  called  Monoclines  or  mono- 

clinal  folds,  because  they  present  only^one  fold,  or  one  half  of  a 

folcl,    instead  of  the  two  in  an  arch  or  trough  (Fig.  254,  section  1). 

Tlio  most  notable  instance  of  this  structure  in  Britain  is  that  of  the  Isle 

®^  Wight  (Fig.  235),  where  the  Cretaceous  rocks  (c)  on  the  south  side  of 


i 

Fig.  235.— Section  of  a  Monocliiua  Fold,  Isle  of  Wight. 


*^^  island  rapidly  rise  in  inclination  till  they  become  nearly  vertical, 
^'^iU.le  the  Lower  Tertiary  strata  (/)  follow  with  a  similar  steep  dip,  but 
^^Pidly  flatten  down  towards  the  north  coast.  Probably  the  most 
^^S^^tic  monoclinal  folds  in  the  world  are  those  into  which  the  rcmark- 
^*^ly  horizontal  and  undisturbed  rocks  of  the  Western  States  and  Terri- 
^^^es  of  the  American  Union  have  been  thrown.^ 

Shrom  the  abundance  of  inclined  strata  all  over  the  world,  we  may 
^^^dily  perceive  that  the  normal  structure  of  the  visible  part  of  the 
^^^'th'g  crust  is  one  of  innumerable  foldings  of  the  rocks.  Sometimes 
^Or^  steeply,  sometimes  more  gently  undulated,  not  infrequently 
^^ooated  and  displaced,  the  sedimentary  accumulations  of  former  ages 
^^^irywhere  reveal  evidence  of  great  internal  movement.  Here  and  there, 
^^  movement  has  resulted  in  the  formation  of  a  dome-shaped  elevation 
"tlie  strata,  wherein,  as  if  pushed  up  from  a  single  point,  they  slo2)o 

^^^y  on  all  sides  from  the  centre  of  greatest  upthrust,  with  a  qua- 
^^^•-^enal  dip.      Where  the  top  of  the   dome  has   been   removed,  the 

4»    *    See  Poweir»  'Exploration  of  tho  Colorado  Kiver  of  the  West,*  und  *GeoloiQr  of 
iT?    XJinta  Mountuing,'  in  the  lloports  of  tho  United  States  Goographicttl  and  Geo- 
^^^l  Survey.    Dutton'a  *  High  Plateaux  of  Utah/  and  *  History  of  the  Grand  Cafiou ;  * 
*Ub^*g  *  Geology  of  the  Henry  Mountains.'    Compare  llichthofen's  *  China,'  vol.  ii. 


502 


GEOTECTONIC  {STRUCTURAL)    GEOLOGY.      [ 


successive  outcrops  of  the  strata  form  concentric  rings,  the  Ii 
the  centre,  the*  highest  at  the  circumference  (A  in  Figs.  230  and 

Anticlines  and  Synclines. — But  in  the  vast : 
of  cases,  the  folding  has  taken  place,  not  round 
but  along  an  axis.  Where  strata  dip  away  from 
so  as  to  form  an  arch  or  saddle,  the  structure  if 
an  Anticline,  or  anticlinal  axis  (Fi; 
Where  they  dip  towards  an  axis,  forming  a  tr 
basin,  it  is  called  a  Syncline,  or  syncline 
(Fig.  237).     An  anticlinal  or  synclinal  axis  musi 
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Fig.  236.— Arch,  or  Anticline,  which  has  been  denuded  by  the  remavtl  cH 
shown  by  the  dotted  line  a  c  above  the  axis  6. 


die  out  unless  abruptly  terminated  by  dislocat 
the  case  of  the  anticline,  the  axis,  after  continui 
zontal,  or  but  slightly  inclined,  at  last  begins 
downward,  the  angle  of  inclination  lessens,  and  1 
then  ends  or  **  noses  out."  In  a  syncline,  the  as 
tually  bends  upward,  and  the  bods,  with  gradual!^ 
ing  angles,  swing  round  it.  In  a  symmetrical  ant 
syncline,  the  angle  of  slope  is  the  same  or  near] 
either  side  (Figs.  236,  237).  But  a  difference  of  in< 
is  frequently  to  be  observed.     The  Appalachian  o 


Fig.  237.— Trough,  or  Syncline,  with  strata  (a  c)  rising  firom 

central  axis  (b). 


for  example,  as  shown  by  H.  D.  and  W.  B.  Rog 
sents  an  instructive  series  of  plications,  beginni 
symmetrical  folds,  succeeded  by  others  with  stee 
towards  the  west,  until  at  last  these  steeper  fix* 
under  the  opposite  sides  of  the  arches,  giving  i 
series  of  inverted  folds  (Fig.  238). 

Inversion. — Inverted  folds  occur  abundantly 
gions  of  great  plication.  The  Silurian  uplandc 
south  of  Scotland,  for  instance,  have  the  arol 
troughs  tilted  in  one  direction  for  miles  together 
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le  half  of  each  of  them  the  strata  lie  bottom  upwards  (Fig.  239).' 
in  large  monntaiii-ohainB,  however,  that  iiiTorsioii  can  be  eeen  on 

gnuidest  scale.    The  Alps  faniish  numerous  strilcing  illuetrations. 

he  north  side  of  that  chain,  the  Secondary  and  Tertiary  rocks  have 
■0  completely  turned  over  for  many  miles  that  the  lowest  beds 
form  the  tops  of  the  hills,  while  the  highest  lie  deep  below  them. 


Ft»  13»~IaTertcd  Fold>  and  IhcUiuI  Stnii 

vidnal  moaotaine,  such  as  the  Gliimisoh  and  some  in  the  Cantons 
-OB  and  St.  Gall  (Figs.  240,  241),  present  stupendous  examples  of 
>Tsion  great  groups  of  strata  being  folded  over  and  over  each  other 
e  might  fold  carpets  ^ 

Where  a  series  of  strata  has  been  so  folded  and  inverted  that  its 
iplicated  members  appear  to   lip   regularly  in  one  direction,  the 


Fig   3  0-1         t>i 


ottire  is  termed  isoclinal.  This  structure,  illustrated  on  a  smaU 
I  among  the  curved  Silurian  rocks  shown  in  Fig,  239,  occurs  on  a 
id  scale  among  the  Alps,  where  the  folds  have  sometimes  been  so 
«Eed  together  that,  when  the  tops  of  the  arches  have  been  worn 
f,  the  strata  could  scarcely  be  supposed  to  have  been  really  in- 


men  on  the  "  Secret  of  the  Higlilaoda "  [Gtol.  Mag.  1883). 
Tbe  Glimcr  double  fold  Iiem  b«en  tlic  auhjoet  of  comiderable  discuaaion.  Accord- 
10  Haiin  (' Mechanism  us  der  GcblTf^bilduag ')  the  whole  of  the  rocks,  echiatg 
led,  temamed  undisturbed  until  tho  timo  of  the  poBt-coceno  folding.  Vaeek, 
nr,  eanlenda.  with  evident  probability,  that  the  older  schiats  are  unconfommbly 
lid  br  later  fonoktioiu.  St'O  M.  Tacek,  Jahrb.  Geol.  Beichtanil.  1819,  p.  T2U  •  188^, 
B,<nb;  YerhaniU.  ntal.  lUitlu.  1880,  i).  189;  lSei,p.4a.  A.  Heim,  Verhaadl.  Geol. 
w;  18B0,  p.  155;  1881,  p.  20*.  Hco  iilao  Areh.  !ki.  Fhyt.  S'al.  Genera,  November, 
,  p.  M;  Lmt,  Butt  Sue.  Geot.  Fraitr,,  S"  air.  xi.  (1882)  p.  H.  In  Fig,  241,  no 
lAkatioD  could  bring  tlio  White  Jura  where  it  lies  couparatively  nndisturbed 
M  tifB  of  tbe  ezceexirely  plicatc<l  Koccuo  bods.  It  lias  oridently  been  pushed 
ft»  latter,  tiie  line  of  junction  between  them  being  a  "  thnut  plana    (p.  512). 


504 


GEOTECTONIC  {STRUCTURAL)   GEOLOGY.       [Book  IV. 


verted,  save  for  the  evidence  as  to  their  true  order  of  sucocBsion  supplii 
by  their  included  fossils.     The  extent  of  this  compression  in  the  Al 
has  been  already  (p.  292)  referred  to.*    So  intense  has  been  the  plication 
and  so  great  the  subsef|uent  denudation,  that  portions  of  Carboniferous. 
strata  appear  as  if  regularly  interbedded  among  Jurassic  rocks,  an 
indeed  could  not  bo  separated  save  after  a  study  of  their  encl< 
organic  remains. 

A  further  modification  of  the  folded  structure  is  presented  by 
fan-shaped  arrangement  (structure  en  Sventail,  Fdeher-Falten)  into  whi 


■-■■ir  * 


Fig.  241.-*InTer8ion  and  Tbnut-plane  among  the  monntAins  nouth  of  the  Lake  of  WallcnsUdt, 

Glanu  and  St.  Gall  (A.  Helm). 

e.  Eocene ;  c,  Cretaceons;  ic^.  White  Jura  thra^t  upward  on  tbo  loft  hand  oTer  the  plicaied  Kooeoe; 
bj.  Brown  Jara;  t,  Trias;  i,  Schistose  rocks,  perhaps  metamorphosed  Palssoaolc  foniMtioaB. 

highly  ])licated  rocks  have  been  thrown.     The  most  familiar  exampl 
that  of  Mont  Blanc,  where  the  sedimentary  strata  at  high  angles 
to  dip  under  the  crystalline  schists  (Fig.  242). 

Crumpling. — In  the  general  plication  of  a  district  there  are  usua^ 
localities  where  the  pressure  has  been  locally  so  intensified  that 


Fig.  242w— Fan-shaped  structure,  Central  Alps. 
ft  Upper  Jurassic  Limestone ;  j.  Brown  Jura  and  J^tas ;  t,  Trias ;  I,  Schistose  rodEs. 

strata  have    been   corrugated  and  crtimpled,  till  it  becomes  aim. 
impossible  to   follow  out  any  particular  bed   through   the   distur 
ground.     On  a  small  scale,  instances  of  such  extreme  contortion 
now  and  then  be  foimd  at  faults  and  landslips,  where  fissile  shales 
been   corrugated  by  subsiding  heavy  masses  of  more  solid  rock   ( 
243).     But  it  is,  of  course,  among  the  more  plicated  parts  of  monnt^^ 
chains  that  the  structure  receives  its  best  illustrations.     Pew  travelL* 


^18 


^  See  also  F.  M.  Stupff,  *  Zur  Mcclianik  der  tSchictenfaltuDgeti,'  Neues  Jahrb.  1 
pp.  292,  792. 
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ho  h&ve  pasaed  the  upper  end  of  the  Lake  of  Lucerne  can  have  failed 
>  notioe  the  remarkable  cliffs  of  contorted  rocke  near  Flnolen.  But 
mamerable  examples  of  equal  or  even  superior  grandeur  may  be 
»erved  among  the  more  precipitouB  valleys  of  the  Swiss  Alps.  No 
ore  impressive  testimony  could  be  given  to  the  potency  of  the  foroe 
r  which  mountains  were  upheaved.    And  yet,  striking  as  are  these 


lossal  examples,  involving  as  they  do  whole  mountain  masses  in  their 
Ids,  their  effect  upon  the  mind  is  even  heightened  when  vre  discover 
At  such  has  been  the  strain  to  which  solid  limestones  and  other  rocks 
ive  been  subjected  that  their  finer  layers  have  been  intensely  puckered. 
one  of  these  minor  crumplings  are  readily  visible  to  the  eye  in  hand* 


i  (Figs.  IS,  244).  But  in  many  foliutcd,  crumpled  rooks  the 
nokfiring  descends  to  such  extreme  minut^rieiw  as  to  be  best  seen  witli 
ts  microscope  (Fig.  I'J). 

It  may  often  Iw  observed  that  in  strata  whiuli  have  boon  intviisuly 
rumpled,  the  same  bed  is  reduced  to  the  sni»llost  thickness  in  the  arms 
f  tlie  folds,  but  swells  out  ut  the  bends  as  if  stjueczcd  laterally  into 


■rT-^Ai-  ^soLoor.     [Bj«tv. 


.^-s-» 


—     -  7^,     r..L=  i;  ■  -:i7-mj-;.  ■!•_■  7j;Ti.;e4iiiii  .a  i  ^nki  Kftle  in  maimtuii 

.—.  '■'.:■    -li-     - -T--.  '.  .ill.- izi-;n;; '.  ■w' .rr^iiE'ia.  a»  in  Pembrnkeahire, 

.  -T     I   ■—.:.■;   js  -c:-m  -ha:  -ii--  r^- a  icd  p«Tcm«DtB  of  coil- 

■i.:.-    1.' ■     r  -:ji.-  -■■  ■^t'Lt^.  -^.l-    ■  .»1  Lr^^ii.  u  haring  least  Ksistuoe, 

D'iizTniAZioiL — Z—-Z---J:  '-•:  ijiLZ'iLUK  ^•ATinz  aivrementB  to  whkh 

—■:'k3  iaT^  ■:*;!i  snbjecwd.  their  individiiil 

'  -artiL'ieS  hii'TB  Z'^^n  oampreiHed,  elongklcd, 

^  ^,  ind  Millie  ti'  miJT-?  p«n  each  other,  u  i» 

r> r^  \     '^  infftmetiT^I^  ^owu  by  the  deformation  of 

-  ;?eblle9  and  of  fcBBils  i  p.  ISOX     The  nwrt 

imp'naai  ■.'Oii£e^TieiiL«  of  this  procese  if  the 
pr'nincti'jii  ■:•{  the  9he*r-«tznctuze  ahtadx  i^ 
1      -  '  -V"-    n-.ric^L     3![iunTe  ctMuselj  cryatdliiu 

~:. ;-...—:--]  -^   timr~»Q        pej:miiiites  may  btt  aoced  through  iiicce«T« 
'    ■*•  "■  "ir;-^'^-™"^'""        •■taeea  wlierein  the  oumponent  orthoclaw  and 
ftil^par  -XK   more    and    more  cmshed,  uJ 
iri^-n      :■,  :■.:::!  in  ::;•-■   .i:'!  the  rock  be«.me»  a  compact  finely  toiie 
■jciiist,  TiTa.  .1  -■e";'iiiar  liuviulj"  >)r  sti'iaky  Btmctnre,  which  can  hirdlr 
'ixr   i!ori:iirii-ii'--'l  ^'Ei  The  dTixi'iinmctnre  of  a  rhvoUte.     This  chiuigi: 
;«  ni'.Te  pani'-liarlv  .'iyreloped  ali'ii!i   jcreat  thmBt-pLinee,  but  dlit  It 
■/iM^rr'.-l  :Iir< '«;:■-.' "IT  i  3iius«  '<f  r>ick  that  has  imilei^ne  int«uae  shBiring- 
y.jt    ■iilv     ire    -h'.'    in-iiv-Mnal    purtioles   (if  roclw   drawn  oat  V* 
Tht-iirin^.    Ijiit    in   :h^     OLirli-.-atel 
[■pjireriti  -li  \a-  mitiiin-i  ■"il-iim:.  larger 

wiw.-  nnder-^i  dei'jnuati"U.  Thti 
antii.'linal  and  synclinal  fil-is  de- 
voli'pe-l  in  th<j  'nrlier  stages  of  the 
jipiceiw  are  *jmftimf»  bent  over 
and  i-Tash'.il  ti-;rether.  »?  aa  to  be 
nearly  >.'r  oumpleCely  efbced. 

Pact  V.  Cleata'JE. 

Ck'ava're-atmctiire  having  lieen 
describwl  at    p.    :J88,    ire  have   tu  tie. -it*,— sh.'iv-sinuini-. 

notice  heri;  the  manner  iti  which  it  (jriwn  by  Mr,  f.  w.  Krui!Hr\  ih.'  (•iaui'"' 
praent.  it«Jf  ..n  the  large  .c«k  ^J'^S;^;;.S  Z^^JSt' 
among  rock-iiiaswifi.  The  direction  Huii.m-ftnii.tnt(.  ..C'Uir"rv  Fiit.  m.i 
of  cleavage  usually  remains  persistent  over  coneiiloral'le  n  gi-tufc  *^ 
iitt  was  shown  liy  Sedj:fwick,^  corresjioiiJB,  cm  the  w]i"le.  with  ib« 
Btrike  uf  the  rwkn.     It  is,  however,  iudnpendeut  of  lietldiug.    Anit*!! 

■  Fur  iUiuttutioiiH  n|-  lIli^<  tlrurliiro  ki.- lErim'a-Mit'hnniiiiiiii  dor  t'ft'Uv^'ilJiii^.' 
vlicov ft  ttmiiDOlMv  Tor  tbo  diffir'nt  pnTta of  ToI'Ik  ii<  pnipimil. 


;;:!^S» 


dcMritMNl.    See  alM  Prof.  King's  memoir  cit»l  m 
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curved  rockei,  tto  cleavftge-planea  may  bo  seen  travorBiiig  the  plications 
without  sensible  deflectioii  from  tbeir  normal  diioctiou,  pitralloliem, 
and  high  angle.  But  thoir  general  coincidence  with  the  trend  of 
the  axea  of  plication  Borves  to  indicate  a  community  of  origin  for 
deavago  and  folding,  an  results  of  the  lateral  compression  of  roolcH. 
Among  curved  strata,  the  planes  of  cleavage  sometimcH  coincide  with, 
and  are  sometimes  at  right  angles  to  the  planes  of  bedding,  ac- 
cording to  the  angles  of  the  folding  (Fig.  247).     The  persistence  of 


i^vage-planes  acroes  even  the  most  divorso  kinds  of  rock,  both 
ledimentary  and  igneous,  was  first  described  by  Sedgwick.  Jukes  also 
pointed  oat  that  over  the  whole  of  the  south  of  Ireland  the  treud  of 
the  cleavage  seldom  deimrta  10'  from  the  normal  direction  E,  25'  N., 
DO  matter  what  may  bo  the  differences  in  character  and  ago  of  the  rocks 
'liich  it  crosses.  But  though  cleavage  is  so  persistent,  it  is  not  equally 
Wl  developed  in  every  kind  of  rock.  As  already  explained  (p.  288), 
it  is  most  perfect  in  fine-grained  argillaceous  rooks,  which  have  been 
liteied  by  it  into  slates ;  and  it  may  he  observed  at  once  to  change  its 


''•utnctor  as  it  passes  from  such  rocks  into  others  of  a  more  granular 
*  gritty  texture.  Occasional  traces  of  distortion  or  deviation  of  the 
"Ivavage  planes  may  be  observed  at  the  contact  of  two  dissimilar  kinds 
(tf  rock  (Fig.  248). 

A  region  may  have  been  subjected  at  successive  intervals  to  the 
OuDiprcflsion  that  has  produced  eleavagu.  The  Silurian  rocks  of  the 
konth-west  of  Ireland  wore  uptiiniod,  and  prol>ul>ly  cleaved,  before  the 
deposition  of  the  Old  lied  Sandstone,  which  lias  in  turn  been  well 
cleaved.'  Evidence  of  the  relative  date  of  cleavage  may  be  obtained 
'  De  la  BmiIio,  '  Geol,  OU.'  p.  020. 
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from  uiiconfonuable  juuctions  and  from  oonglometates. 
fioiicB  of  strata,  lying  upon  the  denuded  edges  of  an  older  cleaved  seriee, 
proven  tlie  date  of  cleavage  to  be  intermediate  between  the  periods  or 
the  two  groups.  Fragments  of  cleaved  rocks  in  an  uncleaved  oon— 
glomerate  show  that  the  rocks  whence  they  wore  derived  hod  already- 
suffered  cleavage,  1«foie  tho  detritus  forming   the  conglomerate   in^^ 

removed  from  them.     Anintrufliveigneoiisrock,  traversed  with  cleaTRge^ 

planes  like  its  surrounding  mass,  points  to  cleavage  Bubeequent  to  it^^^ 
intrusion  (Fig.  249).^ 

Between  cleavi^o  and  foliation  there  is  in  manywaaee  a  close  reJatJor-^ 
Microscopic  examination  of  some  cleaved  rocks  shows  that  in  origin^^j^ 
clastic  sediment,  a  micaoeons  mineral  has  been  abundantly  develop^^^ 
tho  jilatea  of  which  are  ranged  along  the  planes  of  cleavage.  Thfc^J 
mica  can  bo  distinguished  from  original  mioa-flakcs  in  the  eodimea::^,-^ 
It  may  be  observed,  in  many  oases,  to  impart  a  lustrous  silvery  or  "'"^^^ 
sheen  to  the  clcavage-faoes  of  a  slate,  yet  may  bo  at  right  angles  to  fc-^K—,,, 
original  lamination  of  deposit.      Snoh  a  crystalline  rearrangement  ^ 

indeed  an  incipient  foliatiou.    It  is  tho  same  stmcturc,  further  derelo^^^ed 


I'lg.  U»,— Vein  oT  parpbrir  (a)  ovwIdc  Denmlu  lUWa  (b),  FlrnioDtli  Bmmd,  both  bdii( 


and  intensified,  which  gives  their  distinctive  character  to  sohista.  "J — ""* 
crystalline  metamorphosis  naturally  proceeds  along  the  linea  of  l*-*^."* 
resistance,    which   in   cleaved   rocks  are  the   cleavage-planes,  and.  *" 

nnclcavcd  sedimentary  rocks  are  the  planes  of  deporation.  Foliatioiv-  »■  " 
alroa<1y  remarked  (p.  299)  may  sometimes  represent  stratification,  so^*^-'^ 
times  cleavage,  and  sometimes  divisional  planes  snperiudDoed  by  sheaK'-*'^ 
or  faulting.' 

Part  VI.  Dislocation. 
The  movements  which  the  crust  of  the  earth  has  undergone  i^^^^"^ 
not  only  folded  and  cormgated  the  rocks,  but  have  fractured  then*-  " 
all  directions.  The  dislocations  may  be  either  simple  Fissures,  -A:^'*'* 
is,  rents  without  any  vertical  displacement  of  the  mass  on  either  ^^^^^ 
or  Faults,  that  is,  rents  where  one  side  has  be  en  pushed  up  or  J*" 
snnkduwu.     It  is  not  always  possible,  in  a  shattered  rook,  to  dtscrimiK3^ 


South  AmoricB,'  184«,  p.  ItRi.  A.  C.  Itanuay, '  Qeolofi?' S* 
Ntirtli  Wal™,'  ileal.  UtoL  Surrta,  vol.  ilL  2iul  edit  p.  !!3a.  F.  M.  SlapK  Xeutt  Jah**' 
1882  (i.)  p.  82. 
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Fig.  UO.— Seetion  of  tharplr-deOned  Ful 


en  joints  and  fissures,  which  seem  there  to  be  both  the  simultaneous 
of  the  same  oanse,  the  fissores  being  merely  enlarged  joints.     It 

unon  to  meet  with  traces  of  friotion  along  the  walls  of  fissures, 

when  no  proof  of  actnal  vertical  displacement  can  bo  gleaned. 

ook  J8  then  often  more  or  less  shattered  on  either  side,  and  tho 

;iwnu  &oe8  present  rubbed  and  polished  or  "  sliokensided  "  Burfaoos. 

•I  deposits  may  also  commonly  he 

red  enorosting  tho  cheeks  of  a  fis- 

tr  filling  np,  together  with  broken 

•ents  of  rook,  yie  space  between 

no  walls.    The  strootnre  of  min- 

reins  in  fissnres  is  described  in 

IX. 

ktnre  of  Faults. — In  a  large  pro- 

ta  of  oases,  however,  there  baa  been 

»ly  fractnre  but  displacement.  The 

have  become  faults  as  well  as  fia- 
Fanlts  on  a  small  scale  are  sometimes  sharply-defined  lines,  as 

I  zocke  had  been  sliced  threngh  and  fitted  together  again  after 
shifted.     In  SQch  cases,  however,  the  harder  portions  of  the  dis- 

d  rooks  will  usually  be  found  slickenaided.     More  frequently  some 

banco  has  occurred  on  one  or  both  sidca  of  the  fault  (Fig.  251). 

nmes  in  a  scries  of  strata,  the  beds  on  the  side  which  has  been 
pushed  up  (or  side  of  upthrow)  aro 
bent  down  against  the  fault,  while 
those  on  the  opposite  side  (or  that  of 
downthrow)  aro  bent  up  (Fig.  252), 
Most  commonly  tho  rocks  on  both 
Bides  are  conBiderably  broken,  jum- 
bled, and  crumpled,  ao  that  tho  lino 
of  fracture  is  marked  by  a  belt  or 
wall-like  niftsa  of  fragmentary  rook, 
known  as  "  fault-rock."  Where  a  dis- 
location haB  occurred  through  materi- 
als of  very  unequal  hardness,  such  [as 
solid  limestone  bands  and  soft  shales, 
or  where  its  course  has  been  undulat- 
ing, tho  relative  shifting  of  the  two 
sides  has  occasionally  brought  oppo- 
site prominences  together  so  as  to 
leave  wider   intcrapaccs    (Fig.    aOl), 

iCtnal  breadth  of  a  fault  may  vary  from  a  mere  chink  into  which 

Clint  of  a  knife  could  hardly  l>e  inserted,  up  to  a  hand  of  broken 

ften  consolidated  materials  many  yards  wide.     Wliere  a  fault  has  a 

ierable  throw,  it  is  sometimes  flanked  by  parallel  small  faults.     The 

rence  of  these  close  together  will  obviously  produce  the  appearance 

iToad  zone  of  much  fractured  rock  along  the  trend  of  a  main  fissure. 


■nit,  tbovlngiJI^ 
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Til  T«nllel  faults  of  iwuIt 

h^Ht  intoned.  The  laigot 
:  T«rtical  duplaoement, 
Thil-;  Ti  iBc  ■:i  '>nlj-  *  few  feet  or  ytiit 
r  ::'. '.  T=^  iz:cliiiatioii  of  a  taxit  from 
1  Fi^.  i.:+.  r'.r  esftmple,  the  fault  itB, 


>nedbci]i«BtlK-lo 


K-iti;;  vc-rtie<tl.  has  ao  haile,  but  that  at  A  hades  at  an  angle  of  TO"  ficn 
th";  vi.'iti'ail  to  the  left  hand.  The  amount  of  diflplaccnient  is  repff- 
sentt-il  an  lh>.-  same  in  b<:'th  instances,  hut  with  the  direction  of  diMpW^ 
intLt  tu  opi.rOijite  qaarters,  *>  that  the  Kvtl  of  the  heds  is  raised  l)etwi«t 
the  two  faults  ahove  the  uuifiFmi  horizc-ii  which  it  retaiiiB  beyond  then- 
The  frift-ct  of  the  iDclinatii<n  of  faults  is  to  give  tho  ft]>jieaKinci' of 
latt.-ta1  iliHpIaoement.     In  Fig.    2r>4,  for  example,    where    tlie  Iimif  "f 


'■™™pl"l :  <•■ 


Ml  of  IjiTf  moA  IWnt  ;B-\ 
thlltnl  Biid  Koar  nf  lb*  b(4<  ■" 
lint:  tr. iklumll k nmiduBi iW ' 


one  fHiilt  iw  considemble,  tlie  two  severed  oiide  (c  and  rf)  of  the  t')»ct 
IhmI  appear  to  have  been  pulled  neuiider.  The  bori/Jintal  distance  » 
which  they  are  removed  does  not  dejicnd  upon  the  amount  of  TCitiol 
dispbuxtment,  but  upon  the  niigle  of  hiide,  A  small  fault  with  *  grMt 
hade  will  shift  alntttt  laterally  niueh  uioro  than  a  large  fault  with  i 
■BHdH  lllda.  It  18  obvious  that  the  iin^lo  >>f  hade  must  Bcriously  aflect 
0>        l"e  of  a  coal-field.    If  the  black  Iwd  in   the  uauie  egnre  be 


r 
I 

I 
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supposed  to  be  a  coal-seam,  it  could  be  worked  from  either  side  np  to 
e  and  d,  but  there  would  be  a  space  of  barren  ground  between  these  two 
points,  where  the  seam  never  could  be  found.  The  lower  the  angle  of 
hade  the  greater  the  breadth  of  such  barren  ground. 

Origin  of  Faults. — In  countries  where  the  rocks  have  not  under- 
gone much  disturbance,  that  is,  where  stratified  formations  are  still 
not  far  removed  from  their  original  approximate  horizontality,  faults 
are  probably,  for  the  most  part,  due  to  mere  subsidence  of  the  crust 
(Normal  Faults).  Where,  on  the  other  hand,  rocks  have  been  much 
plicated,  the  more  gigantic  faults  have  been  produced  by  tangential 
thrust,  whereby  one  mass  of  rock  has  been  pushed  bodUy  over  another 
(Beversed  Faults,  Thrust-planes.)  In  some  cases,  both  lateral  thrust  and 
sdbsidence  have  been  concerned  in  the  origin  of  the  dislocations  of  a 
much  fractured  area. 

Normal  Faults. — ^In  the  vast  majority  of  cases,  faults  hade  in  the 
direction  of  downthrow,  in  other  words,  they  slope  away  from  the  side 
which  has  risen.  These  are  Normal  Faults,  The  explanation  of  the 
ttmcture  is  doubtless  to  be  found  in  the  fact  that  the  portion  of  the 
terrestrial  crust  towards  which  a  fault  hades  presents  a  less  area  of 


Fig.  264.— Section  of  inclined  aud  vertical  Faults. 

We  to  pressure  or  support  from  below,  than  the  mass  with  the  broad 
oitee  on  the  opposite  side.  The  mere  inspection  of  a  fault  in  any 
Natural  or  artificial  section  suffices,  in  most  cases,  to  show  which  is 
^e  upthrow  side.  In  mining  operations,  the  knowledge  of  this  rule 
^  invaluable,  for  it  decides  whether  a  coal-seam,  dislocated  by  a 
^ault,  is  to  be  sought  for  by  going  up  or  down.  In  Fig.  254, 
^  miner  working  from  the  left,  and  meeting  with  the  fault  at  c, 
^onld  know  from  its  hading  towards  him  that  he  must  ascend  to 
find  the  coaL  On  the  other  hand,  wore  he  to  work  from  the  right,  and 
^tch  the  fault  at  d,  he  would  see  that  it  would  be  necessary  to  descend. 
According  to  this  rule,  a  normal  fault  never  brings  one  part  of  a  bed 
Wow  another  part,  so  as  to  be  capable  of  being  pierced  twice  by  the 
kame  vertical  shaft. 

Beversed  Faults  are  those  in  which  lower  rocks  on  one  side  have 
been  pushed  over  higher  rocks  on  the  other.  In  these  cases,  the  same 
itnitum  may  be  pierced  twice  by  a  vertical  shaft.  The  hade  is  there- 
few  in  the  direction  of  upthrow.  Faults  of  this  kind  chiefly  occur  in 
legions  where  the  rocks  have  been  excessively  plicated,  and  especially 
where  one  half  of  a  fold  has  been  pushed  over  another  (Figs.  253  and 
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2.V.V,  isootion  4 :.'  They  are  dosely  connected  with  anticlinal  and  sp- 
ell nal  folding.  T}iii>,  a  monoclinal  fold  may  by  increase  of  movement 
}•*:  devf*lop;fl  into  a  fracture  <Fig.  255 ».  Beantifnl  csamplea  of  this 
relation  liave  l^een  obMjrved  l»y  Powell  and  otheT8  among  the  little 
'li.stiirl^;«l  f'.miiations  of  the  jrreat  plateaux  of  Utah  and  Wyoming.  Bnt 
it  i.s  in  ijioiintainoiis  regionK  that  they  are  chiefly  developed;  they 
liecome  there,  inde^.-d,  the  common  type  of  dislocation.  Many  excellent 
oxampleH  have  been  adiliice^l  from  the  plicated  rocks  of  the  Alps.' 

Thmst-planes.  —  Under  this  name  the  Geological  Survey  of 
Scotland  has  described  a  remarkable  type  of  reversed  fault,  where  (he 
hade  Ik  so  low  that  the  rocks  on  the  upcast  side  have  been  pushed  for 
miles  horizontally  across  the  rocks  on  which  they  lic.^  Such  a  stmctnic 
points  to  enormous  tangential  pressure,  under  which  the  very  foundatioiui 
of  a  conntrj'  wore  thrust  up  and  driven  over  younger  rocks.  The 
"  grande  faille  du  ^lidi,"  in  the  north  of  France  and  Belgium,  by  which 
the  Devonian  rocks  have  been  pushed  over  the  Carboniferous,  is  a  well- 
kno'v^ii  and  remarkable  example  of  this  structure.   In  some  cases,  so  inteiiK 


23 


Fig.  255. — ScctiohH  to  show  the  relations  of  Monoclinal  folds  and  Fault*. 

1 ,  M(inrK;linal  fold ;  2,  Monoclinal  fold  replacn!  by  a  single  normal  fault;  3,  Monoclinal  fold  converted liM 
a  flf>ri<'8  of  {Mrallel  normal  faults ;  4,  Monoclinal  fold  developed  by  increase  of  plication  into  a  icfcm' 
fault. 

have  l>een  the  mechanical  movemonts,  that  extensive  metamorjihisni  htf 
l)ceii  induced  by  them.  Along  the  thrust-planes  in  the  north-weat  of 
Scotland,  and  for  a  long  way  above  them,  the  rocks  that  have  l)een  pushed 
forwanl  have  undergone  enormous  shoariug,  new  divisional  planes  hate 
been  developed  in  them,  and  they  have  become  more  or  less  scliiBto»» 
the  now  minerals  crystallizing  along  the  shearing-surfaces  approximately 
parallel  to  the  thrust-planes. 

Throw  of  Faults. — That  normal  faults  are  vertical  displaceraents 

*  If  ftuiltH  wore  generally  dnc  to  ruptiiro  from  compre&sinn  we  should  expect  ibe 
'*  reverse*!  **  to  be  the  ordinary  form.  The  normal  hadf-  of  faults  points  to  the  existenwrf 
stresses  in  the  cnist  of  the  earth  which  are  from  time  to  time  relieved  by  dislooatiai' 
lint  the  m\turo  of  these  stresses  and  the  manner  in  whirh  faults  arise  are  still  anmos 
thi*  n]>8curf;  problems  of  geology. 

*  Se<.*  Pi^well  in  the  works  eit^d  already  on  p.  .^Ol .  TIeim,  *  Mechanismus  dor  Gi*lin:»* 
hildnug/  idato  xv.  Fig.  14. 

'  B.  N.  IN'och  and  J.  Home,  Aa/wrr,  Nov.  13,  1881.  For  examples  of  thnwt-pbn« 
SCO  Figs.  241, 300.  M.  Bortnvnd  has  descrilxHl  under  tlie  name  of  ••  failles  cfturlH-s  "  ii-rttto 
i>nrvcd  faults  which  affect  the  rocks  of  the  Juni  antl  south  of  Fran«»;  bnt  doiiot.h'' 
Lhinka,  deaoend  into  the  cnist;  and  he  cites  the  Mont  Faron,  near  Toulon.  whir)i.hi^ 
Hay%  ono,oililiot  dimb  ftom  any  sido  without  erasing  a  large  fault  tliat  )>rinsM  JiirnM^ 
diiwn  mMlMMdB  neks.    (J9ii7/.  Sor,  Ofol  Fmnrf^    3 .  xii.  (1884^  p.  4.52.) 
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of  parts  of  the  earth's  crust  is  most  clearly  Bho\vTi  when  they  travcrsi^ 

stratiHed  rocks,  for  the  regular  lines  of  Ixiclding  and  the  originally  flat 

poBitionof  these  rocks  afford  a  measure  of  the  diHturhancc.     In  Fig.  254, 

the  same  series  of  strata  occurs,  on  either  side  of  each  of  the  two  faults, 

80  tliat  measurement  of  the  amount  of  displacement  is  here  obviously 

simple.     The  measurement  is  made  from  the  truncated  end  of  any  given 

stratum  vertically  to  the  level  of  the  opposite  end  of  the  same  stratum 

on  the  other  side  of  the  fault.     Where  the  fault  is  vertical,  like  that 

to  the  right  in  Fig.  254,  the  mere  distance  of  the  fractured  ends  from 

each  other  is  the  amount  of  displacement.     In  the  case  of  an  inclined 

&nlt,  the  level  of  the  selected  stratum  is  protracted  across  the  fissure 

until  a  vertical  from  it  will  reach  the  level  of  the  same  bed,  as  shown  bv 

llie  dotted  lines.     Tlie  length  of  this  vertical  is  the  amount  of  vertical 

difiplaccment,  or  the  throw  of  the  fault. 

Unless  beds,  the  horizons  of  which  are  kno>m,  can  be  recognised  on 
both  sides  of  a  fault,  exposed  in  a  cliff  or  other  section,  the  fault  at  that 
iwrticidar  place  doea  not  reveal  the   extent  of  its   displacement.     It 
\      would  not,  in  such  a  cfise,  l)e  safe  to  pronounce  the  fault  to  1k)  large  or 
siJiall  in  the  amount  of  its  throw,  unless  we  liad  other  evidence  from 
wliich  to  infer  the  geological  horizon  (»f  the  beds  on  either  side.     A 
fault  with   a   considerable  amount   of  displacement   may   make   little 
show  in  a  cliff,  while,  on  the  other  hand,  one  which,  to  judge  from  the 
juml)led  and  fractured  ends   of   the   beds  on   either  side,   might    l»o 
■Upposed  to  1h3  a  powerful  dislocation,  may   be   found   to  be   of  com- 
paratively slight  importance.     Thus,  on   the  cliff  near  Stonehaven,  in 
Kincanliuesliire,  one  of  the  most  notable  faults  in  Great  Britain  runs 
^\A  to  sea,  between  the  ancient   crystalline  rocks  of  the   Highlands 
*iid  the  Old   Keil  sandstones  and   conglomerates  of  the   Lowlands  of 
&!otland,     So  powerful  have  been  its   effects  that  the  strata  on  the 
I-owland  side  have  been  thrown  cm  end  for  a  ilistance  of  two  miles  back 
from  the  line  of  fracture,  so  as  to  stand  upright  along  the  coast-cliffs 
like  bwjks  on  a  libraiy  shelf.     Yet  at  the  actual  ])oint  where  the  fault 
Reaches  the  sea  and  is  cut  in  section  by  the  shore-cliff,  it  is  not  revealed 
l>y  a  band  of  shattered  rock.     On  the  contrary,  no  one  would  at  first  be 
likely  to  suspect  the  existence  of  a  fault  at  all.     The  red  sandstone  and 
the  re«ldenod  Highland  slates  have  ])een  so  compressed  and,  as  it  were, 
^Welded  into  each  other,  that  some  care  is  re<pured  to  trace  the  denuircation 
letween  them. 

Dip-Faults  and  Strike-Faults. — The  stmu'  fault  mny  ^ive  rise 
to  very  different  effects,  according  to  variations  in  the  inclination  or 
curvature  of  the  rocks  which  it  traverses,  or  to  the  influence  of  branch 
faults  diverging  from  it.  Faults  among  inclined  stratii  may,  in  most 
dintricts,  be  conveniently  grouped  into  two  series,  one  running  in  tlie 
name  general  direction  as  the  dip  of  the  strata,  the  other  a]iproxiniating 
to  the  trend  of  the  strike.  They  are  accortlingly  classified  as  (llji-fanlfs 
and  strik4:'fattlt8j  which,  however,  are  not  always  to  T>e  sharply  marked 
off  from  each  other,  for  the  dip-faults  will  often  be  observed  to  deviate 
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considerably  from  the  normal  direction  of  dip,  and  the  strike-faultB  fror- 
the  prevalent  strike,  ho  as  to  pass  into  each  other. 

A  dip-fault  produces  at  the  surface  the  effect  of  a  lateral  shift  of  tKT  ^ 
strata.     This  effect  increases  in  projiortion  as  the  angle  of  dip  leaaerrr,^:^^, 
but  ceases  altogether  when  the  beds  are  vert  icaL    Fig.  256  maybe  tak^     ^ 
as  a  plan  of  a  dip-fault  (//)  traversing  a  series  of  strata  which  ^^^jp 
northwards  at  20°.     The  beds  on  the  east  side  look  as  if  they  had  be^^^^j^ 

pushed  horizontally  southwards.    That  tB::^^ 
apparent  horizontal  displacement    is   &  xiq 
really  to  a  vertical  movement,  and  to  "fcic 
subsequent  planing  down  of  the  surface    l)y 
denuding  agents,  will  be  clear,  if  we  o^ou.- 
sider  what  must  be  the  effect  of  the  vortioal 
ascent  or  descent  of  the  inclined  beds  at;     » 
dislocation.     The  part  on  one  side  of    tlic 
fracture  may  be  pushed  up,  or,  what       is 
eciuivalent,  that  on  the  other  side  may     Tbe 
let  down.      If  the  strike  of  the   l^eds      To 
supi^osed  to  be  east  and  west,  then  a  lioxi- 
zoiital  plane  cutting  the  dislocated  Btr*«.ta 
will  show  the  portion  on  the  west  or  ui)tlirow  side  of  the  fault  lyi»g 
to  the  north  of  that  on  the  cast  or  do\\'nthrow  side.     The  effect     of 
denudation  has  usually  been  practically  to  pro<luce  such  a  plane,  SL^d 
thus  to  exhibit  an  apparently  lateral  shift.     This  surface  displaceni  ^^t 
has  been  termed  the  heave  of  a  fault.     Its  dependence  upon  the  an^^® 
of  dip  of  the  strata  may  be  seen  by  a  comparison  of  Sections  A  anA   ^ 
in  Fig.  257.     In  the  former,  the  bed  a  h,  which  may  be  supi)osed  to     *^ 
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Fig.  256.— Plan  of  ntrata  cut  by  a  Dip- 
Fault. 


A  B 

Fig.  2^7. — Sections  to  show  tho  variation  of  liorizontal  displac<^mc-ut  or  Heave  of  Faults,  acconlUi^ 

to  the  angle  of  inclination  of  strata. 


one  of  those  in  Fig.  256,  dipping  north  at  20~,  once  prolonged  a 
the  i)re8ent  surface  (marked  by  the  horizontal  line),  is  represented 
having  dropped  from  to  6  to  6  d.     The  heave  amounts  to  the  liorizoi^ 
distance  between  «  and  h,  the  throw  being  the  vertical  distance 
twceii  h  and  d.     'i^\\t  if  the  angle  should  rise  to  50'',  as  in  B,  thoi^ 
th(>  aiiiount  of  throw  or  vertical  displacement  is  there  one-fourth  grc 
tho  heave  or  horizontal  shift  diminishes  to  less  than  a  half  of  ^ 
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it  in  ill  A.  This  diminution  will  coiitiiiuo  with  uvory  inci-eauo  uf  in- 
clination in  the  strata  till  among  vei'tical  beds  thovu  ciiu  bo  no  huiivo 
at  all. 

.Strike  fanltH,  -where  they  exactly  coincide  with  the  strike,  nmy 
removo  the  outcropu  of  «oino  strata  by  never  allowing  them  to  reach  iLo 
BUrfucc.  Fig.  258  ghowB  a  plan  (A)  and  section  (It)  of  one  of  these  faults 
//,  having  a  downthrow  towanls  the  direction  of  dip.  In  crossing  the 
strike,  we  pass  suoeeaeively  over  the  edges  of  all  the  beds,  except  the 


l«rt  lictwccu  the  asterisks,  wliicli  is  cut  out  by  tho  fault  us  shown  in 
tlio  Kclion.  It  Kcldom  hainwns,  however,  that  such  strict  coincidence 
lietween  faults  and  strike  oontiuucu  fornture  than  a  abort  distance.  The 
ilirwtiou  of  dip  is  apt  to  vary  a  little  oven  among  coiiipnnitively 
nudJBturlwd  strata,  evcrj-  sneh  variation  eun»ing  tho  strike  to  undulate, 
»nd  Ihna  to  I*  cut  more  or  less  obluiucly  by  the  line  of  dishication, 
wliiili  may  nevertheless  run  (piite  striiight.  lloreover.  aii  iiK-icase  or 
iliiiiiuiition    in    the  throw   of  a   strilce-fault   will   have   the   effect  of 


Irin^ijjjj;  the  disloi'atcd  ends  of  the  beils  iigainsl  Ibe  line  of  disluealion. 
la  J-'i^.  25y,  for  instance,  which  repwKeuts  in  plan  another  strike-fault 
C/J,  wo  st-c  that  the  uuiount  of  throw  iucreaseH  b>wanls  the  right  so  as  io 
allow  lo-wi^r  l^ds  MUcixHsively  to  iijiiieiir  uu  mie  hide,  while  townnlw  llie 
tft  it  .liiniiiUhes,  and  fiiiiilly  di.'H  out  in  bed  V. 

Th^iT^  offects  Iwconie  nmrc  complieated  where  fuultn  traverse  uiidti-  . 
itiiitf  txTti\  contOTled  hfi-ata.  Tlic  eoime.-li.-u  b.-lwe.-n  f.-blhif;  and  fnn-- 
T9   liOH  alTc8.1y  I>een  adverted  t<i  in  tlic  caw  of  mou.icliiial  Lnds.     It 
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sometimes  happens  that  the  plications  are  subsequently  fractaied,  so  that 
the  fault  may  apiwar  to  be  alternately  a  downthrow  on  opposite  sides, 
according  to  the  position  of  the  arches  and  troughs  which  it  crosses. 
l^his  structure  may  be  illustrated  by  a  plan  and  sections  of  a  dislocated 
anticline  and  syncline,  which  will  also  show  clearly  how  the  apparently 
lateral  displacement  of  outcrop  produced  by  dip-faults  is  due  to  vertical 
movement.  Fig.  260  represents  a  plan  of  strata  thrown  into  an 
anticlinal  fold  AA  and  a  synclinal  fold  SS,  and  traversed  by  a  fault  PP, 
having  an  upthrow  (u  u)  to  the  east.  A  dip-fault  shifts  the  OTitcroi> 
towards  the  dip  on  the  upthrow  side,  and  this  will  be  observed  to  be 
the  case  here.  On  the  west  side  of  the  fault,  the  black  bed  a,  dipping 
towanls  the  south,  is  truncated  by  the  fault  at  u,  and  the  ix>rtion  on  the 
upthrow  side  is  shifted  forwards  or  southward.  Crossing  the  syncline 
we  meet  with  the  same  bed  rising  with  a  contrary  dip,  and  as  the  up- 
throw of  the  fault  still  continues  on  the  same  side,  the  portion  of  the  bed 


KIg.  260.— PlAD  of  Anticline  (A)  and  Syncline  (S),  dislocated  by  a  Fault  (F  F), 

on  the  west  side  of  the  fault  must  be  sought  further  south.  The  effect 
of  the  fault  on  the  syncline  is  to  %viden  the  distance  between  the  two 
opposite  outcrops  of  a  bed  on  the  downthrow  side,  or  to  narrow  it  on  the 
upthrow  side.  On  the  southern  slope  of  the  anticline  A,  the  same  bed 
once  more  appears,  and  again  is  shifted  forwards,  as  before,  on  the 
upthrow  side.  Hence  in  an  anticline,  the  reverse  effect  takes  place,  for 
there  the  space  between  the  two  outcrops  is  narrowed  on  the  downthrow 
«idc.  A  section  along  the  east  or  upcast  side  of  the  fault  would  give  the 
.structure  represtm  ted  in  Fig.  261  (1);  while  one  along  the  downcast  side 
would  be  as  in  (2).  These  two  sections  illustrate  how  the  shifting  of 
the  outcrops  at  the  surface  can  be  simply  explained  by  a  meix)  vertical 
movement. 

Dying  out  of  Faults. — ^Dislocation  may  take  place  either  by  a 
single  fault,  or  as  the  combined  effects  of  two  or  more.  Where  there  is 
ojiJy  one  fault,  one  of  its  sides  may  be  pushed  up  or  let  down,  or  thero 
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may  be  a  Bunnltaneous  opposite  movement  on  either  side.    In  Buch  cases, 
there  must  be  a  gradual  dying  out  of  the  dislocation  towards  either  end ; 
and  one  or  more  points  where  the  displacement  has  reached  a  maximum. 
Sometimes,  as  may  be  seen  in  coal-workings,  a  fault,  with  a  consider- 
able maximum  throw,  splits  into  minor  faults  at  the  terminations.    In 
other  cases,  the  offshoots  take  place  along  the  line  of  the  main  fissure. 
Exceedingly  complicated  examples  occur  in  some  coal-fields,  where  the 
oonnected  faults  become  so  numerous  that  no  one  of  them  deserves  to  be 
called  the  main  or  leading  dislocation.     By  a  series  of  branch-faults,  the 
effect  of  a  main  fault  may  be  neutralised  or  reversed.     Suppose,  for 
example,  that  a  main  fault  at  its  eastern  portion  throws  down  60  fathoms 
to  the  north,  and  that  at  intervals  three  faults  on  the  same  side  strike 
off  from  it,  each  having  a  downthrow  of  25  fathoms  to  the  cast;  the 
combined  effect  of  these  branch  faults  will  be  to  reverse  the  throw  of  the 
main  fault  towards  its  western  end,  and  make  it  a  downthrow  of  15 
fathoms  to  the  south. 


N 


Fig.  261  .—Sections  along  the  Fault  in  Fig.  200. 
1.  SrctfoD  along  tlic  upcast  side ;  2,  Section  along  tlio  downtbrow  sfdo. 

Groups  of  Faults. — The  subsidence  or  elevation  of  a  large  mass  or 
block  of  rock  has  usually  taken  place  by  a  combination  of  faults.  Detailed 
maps  of  coal-fields,  such  as  those  published  by  the  Geological  Survey  of 
Great  Britain  on  a  scale  of  six  inches  to  a  mile,  furnish  much  instructive 
material  for  the  study  of  the  way  in  which  the  crust  of  the  earth  has 
been  reticulated  by  faults.  In  most  cases,  dip-faults  are  predominant, 
sometimes  to  a  remarkable  extent,  as  in  the  portion  of  the  South  Wales 
coal-field  represented  in  Fig.  2G2.  In  other  places,  the  dislocations 
rnn  in  all  directions,  so  as  to  divide  the  ground  into  an  irregular  net- 
work. 

It  often  happens  that,  by  a  succession  of  parallel  and  adjoining  faults, 
a  series  of  strata  is  so  dislocated  that  a  given  stratum,  which  may  Ih) 
sear  the  surface  on  one  side,  is  carried  down  by  a  series  of  steps  to  some 
distance  IkjIow.  Excellent  examples  of  these  step-faults  (Fig.  263)  are  to 
be  seen  in  the  coal-fields  on  both  sides  of  the  upper  part  of  the  estuarj^  of 
the  Forth,  Instead,  however,  of  having  the  same  downthrow,  parallel 
firalts  frequently  show  a  movement  in  opposite  directions.  If  the  mass 
of  lock  between  them  has  subsided  relatively  to  the  surrounding  ground. 
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tie  or  iio  feature  at  the  surface,  su  tliat  their  cxiutonoo  would  couimonly 
■tbe  BU8peotcd.  Tliey  comparatively  rarely  appear  in  viaiblo  Bcctious, 
itaie  apt  rather  to  conceal  tbcmBolvos  under  surface  accuuiulationii  just 
;  those  points  in  a  raviiie  or  other  natural  sectiini  where  wo  might  hope  to 
itch  them.  Yet  they  imdouhteilly  oonstituto  oue  of  the  most  important 
'Stares  in  the  geological  structure  of  a  district  or  country,  and  nhould 
iiuequently  be  traced  with  the  greatest  care.  In  the  majority  of  cauoH, 
oonntriee  like  much  of  central  and  northern  Europe,  where  the  ground 
covered  with  KupcrScial  dcpoHit^,  the  poaitiou  of  faults  cannot  l>o  scon, 
t  must  be  infcned  ;  though  it  must  be  admitted  tliat  geologtsta  have 
fill  prone  to  great  rcckleGsnoss  in  this  respect,  inti-oducing  faults  for 
ii«h  there  was  Htflo  or  no  actual  evidence,  but  which  were  convenient 
■  the  cxplnnation  of  theoretical  views  of  the  stiucturo  of  a  district, 
pericnc©  will  teach  the  student  that  the  more  viKiblc  section  "f  a 
lit  on  Monic  cliff  or  shore,  docs  not  nocesflarily  afford  Huch  cleiir  evi- 
ico  i'l  itH  nature  and  effects  as  may  be  obtained  from  othor  parts 
the  region,  where  it  docs  not  show  itself  at  the  surface  at  all.     In 


■A,  he  might  Iw  deceived  by  a  ntuglo  section  with  a  fault  exposed  in 
and  might  be  led  to  i^ard  that  fault  as  au  important  and  dominant 
e,  wliilo  it  might  1)0  only  a  secondaiy  dislocation  in  the  near  neigh- 
"ttrhooil  of  a  great  fracture,  for  which  the  evideno!  would  !«  elsewlieio 
■Uinahle,  but  wliich  might  never  be  seen  itself.  The  actual  iwsilion 
'ithin  ft  few  yards)  of  alargo  fault,  its  line  acro«8  tlio  country,  its  effect 
1  the  surface,' its  inHuenco  on  geological  stmctuve,  its  amount  of  vertical 
ipUceraent  at  different  parts  of  its  c-oiirse— all  this  information  may  Iw 
mirably  worked  out,  and  yet  thu  actual  fi-acturo  may  never  be  seen 
wy  oue  single  Hcclion  on  the  ground.  A  visible  exposure  of  the  fracture 
niild  bo  intercHting :  it  would  give  the  exact  iwsition  of  tlic  lino  at  that 
Wticnlar  place ;  but  it  would  not  be  uecesaarj-  to  prove  the  existence  of 
•  feult,  nor  would  it  perhaps  furnish  any  additional  information  of 
»portance.  The  existence  of  an  unsoon  fault  may  usually  be  determined 
r  in  examination  of  the  geological  structure  of  a  district.  An  abruptly 
Vanted  outcrop  is  always  auggeativo  of  fracture,  though  sometimes  it 
^te  due  to  unoonfoimable  deposition  against  a  stee])  declivity.  If 
■nies  of  strata  be  discovered,  in  a  watercourse  or  other  exposure. 
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tbey  aro  troiigli-faultH  (Fig.  -(>+),  aii'l  encloso  wodge-iihftped 
rock.     It  will  lie  uliservod  that  tho  liHtIo  uf  thcBo  faults  ii)  in  each 
tuwunlri  tlic  ilowtitliruw  nide,  tiiiil  that  tho  wedge-shaped  masses 


■^L 


Fig.  asi.— »ip  urpurt  ol  tho  h 


111  W>1»  Uul-flvld. 


A  A,  C<»l-mcuiir<» :  L  U  Curbunllbniiu  UoiaituiiG  dippLug  iHnutti  tbe  cad-iDeHurai  u  iLdicu  bT*    ^** 
irrowi- ;  a  a,  dlp-riului ;  R,  Hwuuini ;  Jl,  die  MumliLra )  B.  0.  BiMvl  ClunRCl. 

liroai.1  hottoiUH  liavo  risen,  while  those  with  narrow  bottoms  and  l^r"**** 

t^ijis  liavo  mink. 

The  faults  of  a  diHtrict  may  not  havo  been  tho  roanlt  of  one  seri©^   ^ 
1  novel iieiitH,  hut  of  a  Imig  siiccesRioii  of  displacomente,  or  of  renO'^"*'"" 
ttistitrhaiico  after  prolmigod  (inieBccnce.    One  fault  sometimoa  (liHplc»" 


rj?jP!l!^^S 


Fig.  1S3.— Stcp-Fuills,  Lltillthgoiieblr 


another.    In  regions  of  reversed  faults  and  thrust-planes,  normal  *•***», 
havo  auntotiraes  taken  place  long  aftor  the  first  dislocations.    In  Nor"*^ 
western  iScotlaiid,  for  example,  the  thrust-planes  have  been  out  a 
and  shifted,  exaetly  as  if  they  had  boon  oixlinary  stratifioation-planetf- 
Detection  and  tracing  of  Paulta.— As  a  rule,  faults  give  ri»^ 
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Ittle  or  no  feature  at  the  eurfoce,  so  that  their  cxisteuoo  would  coiiiinonly 
ut  bo  suspected.  They  comparatively  rarely  appear  ia  vuible  acctiouH, 
oit  are  apt  rather  to  oonceal  themselves  under  surface  accumulations  just 
t  those  points  in  a  ravine  or  other  natural  aectiou  whore  we  might  hope  to 
atch  them.  Yet  they  undoubtedly  oonutitute  one  of  the  most  important 
eaturcs  in  the  geological  structure  of  a  district  or  country,  aud  should 
lonsetjuently  bo  traced  with  the  greatest  care.  In  the  majority  of  cases, 
lU  oounti'ies  liko  much  of  central  and  northern  Europe,  where  the  grouivl 
u  covered  with  Nuperfioial  deposits,  the  position  of  faults  cannot  1)0  seen, 
hot  must  be  inferred  ;  though  it  must  be  admitted  that  geologists  have 
heen  prone  to  great  reclcleesnefs  in  this  respect,  introducing  faults  for 
^hich  there  was  little  or  no  actnal  evidence,  but  which  were  convenient 
for  the  explanation  of  theoretical  views  of  the  structui-o  of  a  district. 
Experience  will  teach  the  student  that  the  more  visible  section  of  a 
•niton  some  cliff  or  shore,  docs  not  necossarily  afford  such  clear  evi- 
9nce  of  its  natui-e  and  effects  as  may  be  obtained  from  other  parts 
■  the  region,  where  it  does  not  show  itself  at  the  surface  at  nil.     In 


*ct,  he  miu-ht  lie  deceived  by  a  single  section  with  a  fault  exposed  in 
t.  and  might  bo  led  to  regard  that  fault  as  an  important  and  dominant 
*»»e,whilcitmightbe  only  a  seoondarj-  dislocation  in  the  near  neigh- 
'"Wirhdoil  of  a  great  fracture,  for  which  the  evidence  would  Ix)  elsewhere 
o>>tainable,  but  which  might  never  be  seen  itself.  The  actual  position 
'within  a  few  yards)  of  alarge  fault,  its  line  across  the  country,  its  effect 
■m  the  surface,  its  influence  on  geological  structure,  its  amount  of  vertical 
'^iit|iUcement  at  different  parts  of  its  eourse— all  this  information  may  !« 
»dmirably  worked  out,  and  yet  the  actual  fi-acture  may  never  !«  seen 
'B»ny  one  single  section  on  the  ground.  A  visible  exposure  of  the  fracture 
»oold  be  interesting :  it  would  give  tlio  exact  position  of  the  line  at  that 
pwticnlar  place ;  but  it  would  not  be  neccfsarj-  to  prove  Iho  eiistence  of 
tie  fault,  nor  would  it  perhaps  furnish  any  additional  information  of 
importance.  The  existence  of  an  unseen  fault  may  usually  bo  determined 
Ify  an  examination  of  the  geological  structure  of  a  district.  An  abruptly 
truncated  outcrop  is  always  suggestive  of  fracture,  though  sometimoa  it 
may  be  duo  to  unconfonnablo  deposition  against  a  steep  declivity.  If 
a  aeries  of  strata  Ijo  discovered,  in  a  watercourse  or  other  exposure. 
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<lippiu)r  coutinuouttly  iu  ouo  general  diroctlon  at  angles  of  10*  or  mo^^^.^ 
and  if  at  a  short  diHtanco,  another  different  group  1>6  found  inclined        ^^ 
another  direction,  tlio  two  Berieu  thus  striking  at  each  other,  a  foult  w"     ■:S  JI 
almost  always  be  rct^uirod  to  oxplaiu  their  relation.     If  all  the  ovidec^k.^^^ 
olitainahlo,  from  the  eeotions  in  water-courses  or  otherwise,  be  put  U[^.a:>g 
n  map  (as  in  A,  Fig.  2t>5),  it  will  l>o  scon  that  a  dislocation  must  Tr-mtji 
Homewhcru  near  the  pointn  marked  f  f,  as  there  is  no  room  for  ^A:a.^f 
Borios  to  tnni  round  no  iih  to  dip  below  the  other.    Thoy  must  1>o  ront-vj. 
ally  Irnncatcil.     The  completed  map  wouM  Feprenent  them  aepar&ted    t»-r 
a  fault  (F,  in  11).    The  xipthrow  or  downcast  aide  of  the  dislocat:i.<:kQ 
would  be   determined   by  the  obsor^-er's  knowledge  of  the  order       «3f 
Buperpoaition  of  the  respective  groups  of  strata. 


Fig.  109.— Map,  UlualnitlnE  llie  dcWctloii  ot  an  nnMra  ?4Dlt. 

A.  Fl(M-m>p,  nlionliigUiriliLiutiullrfibUliitdonthegronlut'.  B,  completed  Uip,  dunrlng  lb «' 

Efologlol  MrBClnre  otthc  dittrlcl. 

Tlio  oxititence  <if  a  fault  liavingbeeu  thus  proved  from  an  ciomina't^*-*^ 
of  tho  geological  structure  of  the  ground,  its  line  across  the  country  ■*^*"^j 
If  approximately  laid  down — Ist,  by  getting  exposures  of  thotwoset^ 
rock,  or  tho  two  Pnda  of  a  Bcvered  outcrop  on  citlier  side,  as  near  as  J^^^**" 
siblo  to  each  otlier,  and  tracing  tho  trend  of  the  diulocation  betws-^^**  ' 
2nd,  by  noting  linen  of  springs  along  tho  siippowed  course  of  the  f».'«-"*-^^ 
Bubternmcan  water  frequently  finding  its  way  to  tho  surface  along  a**  **^ 
fiMMures ;  ^rd,  by  attending  to  surfiioe  fcHturc?,  siich  as  lines  of  holloW*'   *" 
of  ridge  rising  above  hollow,  the  effect  of  a  fault  often  l)eiDg  to  bx-i-*"*^ 
iiK-ks  of  unequal  resistance  together,  so  ust  to  allow  the  more  durabl*^     *** 
vise  nioi-c  or  less  stMply  from  tho  fracture.' 

'  See  '  Field  Geology,'  by  tlic  outhw,  chsptcr  x. 
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Part  VII,  Ebuptive  (Igneous)  Eocks  as  Part  of  the  Structure 

OF  THE  Earth's  Crust. 

The  liihological  dififorences  of  oi*uptivo  rocks  having  already  been 
described  in  Book  II.  (p.  13G),  it  is  their  larger  features  in  the  field  that 
now  require  attention, — ^features  which,  in  some  cases,  are  readily  ex- 
plicable by  the  action  of  modem  volcanoes ;  and  which  in  other  cases, 
bring  before  us  parts  of  the  economy  of  volcanoes  never  observable  in 
any  recent  cone;  or  reveal  deep-seated  rock-structures  that  lie  far 
beneath  the  upper  or  volcanic  zone  of  the  terrestrial  crust.     A  study 


Fig.  266.^ExtcnRive]7-denaded  Volcanic  District  (^.)- 

of  the  igneuus  rocks  of  former  ages,  as  built  up  iutf»  the  framework  of 
the  crust,  serves  to  augment  our  knowledge  of  volcanic  action. 

At  the  outset,  it  is  evident  that  if  eruptive  rocks  have  been  extruded 
from  l»elow  in  all  geological  ages,  and  if,  at  the  same  time,  denudation  of 
the  land  has  boon  continuously  in  progress,  many  masses  of  molten 
material,  poured  out  at  the  surface,  must  have  l>een  removoil.  But  the 
removal  of  these  superficial  sheets  would  uncover  their  roots  or  downward 
prolongations,  and  the  greater  the  denudation,  the  deeper  down  must 
have  been  the  original  position  of  the  rocks  now  exposed  to  daylight.  Fig. 
200,  for  example,  shows  a  district  in  which  a  series  of  tuifs  and  breccias 


a  -  ^ 

Fig.  267.— Restored  outline  of  the  original  form  of  ground  in  Fig.  266  (/^O* 

(H)  traversed  by  dykes  {a  a)  is  covered  unconformably  by  a  newer  series 
<^f  deposits  {(I),  Properly  to  appreciate  the  relations  and  history  of  the 
^ks,  we  must  bear  in  mind  that  originally  they  may  have  presented 
•ome  such  outline  as  in  Fig.  267,  where  the  present  surface  (that  of  Fig. 
266)  down  to  which  denudation  has  proceeded  is  represented  by  the  dotted 
line  n  9}  We  may  therefore  a  pnori  expect  to  encounter  different 
levels  of  eruptivity,  some  rocks  being  portions  of  sheets  that  solidified  at 
tie  surface,  others  forming  different  parts  of  the  pipe  or  column  that 
connected  the  superficial  sheets  with  the  internal  reservoir  whoncti  the 
lava  proceeded.    But  we  may  also  infer  that  many  masses  of  molton 

>  De  la  Bcclie,  *  Geol.  Observer/  p.  501. 
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rock,  after  Lein^  driven  so  far  upward,  eaino  to  rest  without  over  fiudii.ar  Mng 
their  way  to  the  surface.     It  cannot  always  bo  aitirmod  that  a  given  u^^isk^,^ 
of  intruBive  igneous  rock,  now  denuded  and  exposed  at  the  surface,  v/^^  ^^ 
over  connected  with  any  superficial  manifestation  of  volcanic  action. 

Now  there  will  obviously  bo  some  difference  between  the  8uporfi( 
and  the  doei»-seated  masses,  and  this  diffei-enco  is  of  so  much  importai 
in  the  interpretation  of  tlie  history  of  volcanic  action  that  it  ought 
1)0  clearly  kept  in  view.     It  would  manifestly  lead  to  confusion  if 
distinct  ion  were  drawn  l)ctween  those  igneous  masses  which  reached 
surface  and  consolidated  there,  like  modern  lava-streams  or  showei 
allies,  and  those  which  never  found  their  way  to  the  surface,  but  cona^^Dli- 
dated  at  a  greater  or  less  depth  beneath  it.     There  must  be  the  bo^  me 
division  to  be  drawn  in  the  case  of  every  active  volcano  of  the  present  cl.  Ay. 
But  at  a  modern  volctano,  only  the  materials  which  reach  the  surface   csotii 
l>o  examined,  the  nature  and  arrangement  of  what  still  lies  undom^^a.'fch 
being  matter  of  inference.     In  the  revolutions  to  which  tlie  crust  of  ±\ie 
earth  has  been  subjected,  however,  denudation  has,  on  the  one  hax:a.il» 
removed  supci-ficial  sheets  of  lava  and  tuff,  and  has  exposed  the  subtex':K~a- 
nean  continuations  of  the  erupted  rocks,  and,  on  the  other  hand,  li^Jis 
laid  open  the  very  heart  of  masses  which,  though  eruptive,  seem  no'^s^er 
to  have  been  dire(?tly  connected  with  actual  volcanic  outbursts.       -^^U 
subterranean  intruded  masses,  now  revealed  at  the  surface  only  after  *r-he 
removal  of  a  depth  of  overlying  rock,  may  be  grouped  together  into  cj^ne 
division  under  the  names  P 1  u  t  o  n  i  c,  I  n  t  r  u  s  i  v  e,  or  S  u  b  s  e  q  u  o  m-^  t- 
On  the  other  hand,  all  tlioso  which  came  up  to  the  surface  as  urdiut^T 
v<.)l(%anic  rooks,  whether  molten  or  fragmentiil,  and  were  consoquoii-  '^Y 
contemporane<.)UHly  interstratificd  with  the  formations  which  happex:^*-^ 
to  bo  in  progress  on  the  surface  at  the  time,  may  be  classed  in  a  seoc^i^d 
group  under  the  names  Volcanic,   T  n  t  e  r  b  e  d  d  e  d,  or  C  o  n  t  o    '^^' 
p  0  r  a  n  e  0  u  8. 

It  is  obvious  that  these  can  be  used  only  as  relative  terms.     Ev^^T 
truly  volcanic  mass  which,  by  being  poured  out  as  a  lava-streanx         *^ 
the  surface,  came  to  bo  regularly  interstratified  with  contemporano^^^^* 
accumulations,  must  have  been  directly  connected  below  with  mol  ^^^^ 
matter  whicli  did  not  reach  the  surface.     One  part  of  the  total  nx^ 
therefore,  would  be  included  in  the  second  group,  while  another  ix)rt-3 
if  ever  exposed  by  geological  revolutions,  wouhl  bo  classeti  with  the 
group.     Seldom,  however,  can  the  same  masses  which  flowed  out  at 
surface  bo  traced  directly  to  their  original  underground  prolongation  i 

It  is  evident  that  an  intrusive  rock,  though  necessarily  suhseqi 
in  age  to  the  rocks  through  which  it  has  lx>cn  thrust,  need  not  bo 
subsequent.     Its  relative  date  can  only  l>o  certainly  affirmed  with 
ronce  to  the  rocks  through  which  it  has  broken.     It  must  obviously 
younger  than  these,  even  though  they  lie  upon  it,  if  they  bear  evid^- 
of  alteration  by  its  influence.     The  probable  geological  date  of  its  c*"*""^^ 
tion  must  be  decided  by  evidence  to  bo  obtained  from  the  grouping  of  ^^ 
rocks  all  around.     Its  intrusive  character  can  only  certainly  detenH^-^ 
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the  liiait  of  its  antiquity.  AYe  kuow  tliat  it  imwt  bo  younger  tliau  the 
TockH  it  hiis  iuvadod;  how  much  younger,  must  bo  otherwise  determined. 
Thus,  a  masu  of  granite  or  a  series  of  gmnite  veins  (a  a,  Fig.  208)  is 
manifestly  iwstcrior  in  date  to  the  plicated  rocks  (h  V)  through  which  it 
has  risen.  But  it  must  1x3  regarded  as  older  tlian  overljang  undisturbed 
ami  unaltered  rocks  (t')iorthan  others  lying  at  some  distance  f//),  which 
contuiu  worn  fragments  derived  from  the  granite. 

On  the  otlier  hand,  an  interbedded  or  contompomneous  igneous  rock 

has  its  date  precisely  fixed  by  the  geological  liorizon  on  which  it  lies. 

Sheets  of  lava  or  tuff  inter|)08ed  between  strata  in  which  such  fossils  as 

Calymene  Blumenhachii,  Leptsena  serlcea^  Atrypa  reticularis,  Orthis  eletjantula, 

and  Pvntameriu  Knujlitii  occur,  would  l>o  unhesitatingly  assigned  by  a 

geologist  to  submarino  volcanic  eruptions  of  Upper  Silurian  age.     A  lava- 

Twd  or   tuff  intercalated  among  strata  containing  Sphenopieris  a^nls, 

Lepidodendron    velthemiannm^  Leperditla,   and   other    associated   fossils, 

would  nnoqui vocally  pi*ove  the  existence  of  volcanic  action  at  the  surface 

during  the  Lower  (*arboniferous  iKjriod,  and  at  that  particular  i>art  of 

the  period  represented  by  the  horizon  of  the  volcanic  bed.     Similar 

eniptive  material   associated   with  Amnumites,  Bvlemnites,  Pentacrinites, 

ic,  would  certainly  belong  to  some  zone  in  the  great  Mesozoic  suite  of 

formations.     An  interlx?dded  and  an  intrusivi'  mass  found  on  the  same 


an  hub 

Kifj.  2<iM..-Sc<-tioii  hhowtiig  the  rt'lallvr  aRi'  of  an  lutruslvi'  Kwk  (7/.V 

f      platform  of  stratii  need  not  neceswirily  be  tMK'val.     On  the  contrary,  th(^ 

i  latter,  if  clearly  intnided  along  the  horiztm  of  the  former,  would  obviously 
■*  posterior  in  date.  It  will  bo  understood,  then,  that  the  two  groups 
We  their  respective  limits  determined  mainly  by  their  relations  to  the 
^ks  among  which  they  may  happen  to  lie,  though  there  are  also 
*  special  internal  characters  that  help  to  discriminate  them. 
I  The  value  of  this  classification  for  geological  puri^ses  is  great.     Tt 

*?        tnaliles  the  geologist  to  place  and  consider  by  themselves  the  granites, 
^        'l^artz-iior|»hyries,  and  other  crystalline   masses  which,   tlumgh   lying 
*>motime8   i>erhai)S  at  the   roots  of  ancient   volcanoes,   and    therefore 
Wtimati'ly    connected    with    volcanic    action,    yet    owe    tlieir    special 
'-•iiaracU'Ts  to  their  having  consolidat<^d  under  pressure  at   some   depth 
withiu  the  earth's  crust ;  and  to  arrange  in  another  series  the  lavas  and 
tuffs  which,  thrown  out  to  the  surface,   l)ear  the   (dosest  resemldanco 
to  the  ejecte<l  materials  from  modem  volcanoes.     Tie  is  thus  i)resented 
^^ita  the  records  of  hypogene  igneous  action  in  the  one  group,  and  with 
those  of  superficial  volcanic  action  in  the  other.     ir(^  is  furnished  with  a 
lethod  of  chronologically  arranging  the   volcanic   phenomena   of  past 
B«»  and  is  thereby  enabled  to  collect  materials  for  a  history  of  vidcanic 
totion  over  the  globe. 

in  adopting  this  classification  for  unravelling  the  geological  struc- 
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solidatcd  beneath  the  snrfaee.  One  series  of  these  lutisses  is  crystallme 
in  structure,  but  with  felsitic  and  vitreous  varieties.  It  includes  most 
of  the  eruptive  rocks,  and  especially  the  older  forms  (granite,  syenite, 
quartz-porphyr^'',  pitchstone,  diorite,  &c.).  Tlie  other  series  is  frag- 
mental  in  character,  and  includes  the  agglomerates  and  tuffs  which  have 
filled  up  volcanic  orifices. 

After  some  practice,  the  field-geologist  acquires  a  faculty  of  dis- 
criminating, even  in  hand-specimens,  crystalline  rocks  which  have  con- 
Bulidated  beneath  the  surface,  from  those  which  have  flowed  out  as 
lava  streams.  Coarsely  crystalline  granites  and  syenites,  with  no  trace 
of  any  vitreous  ground-mass,  are  readily  distinguishable  as  plutonic 
masses;  while,  on  the  other  hand,  cellular  or  slaggy  lavas  are  ciisily 
recognisable  as  superficial  outflows,  or  as  closely  connected  with  them. 
But  it  will  be  observed  that  such  differences  of  texture,  though 
fumisliing  useful  helps,  are  not  to  be  regarded  as  always  and  in  all 
degrees  perfectly  reliable.  We  find,  for  example,  that  some  lavas 
have  appeared  at  the  surface  with  so  coarsely  crystalline  a  structure  as 
to  bo  readily  mistaken  by  a  casual  observer  for  granite ;  while,  on  the 
other  hand,  thougli  an  open  pumiceous  or  slaggy  structure  is  certiiinly 
indicative  of  a  lava  that  has  consolidated  at  or  near  the  surface,  a  finely 
cellular  character  is  not  wholly  unknown  in  intrusive  sheets  and  dykes 
which  have  consolidated  below  ground.  Again,  masses  of  fmgmontary 
volcanic  material  are  justly  regarded  as  proofs  of  the  superficial  mani- 
festation of  volcanism,  and  in  the  vast  majority  of  cases,  they  occur  in 
beds  which  were  accumulated  on  the  surface,  as  the  result  of  successive 
exi»l<jsions.  Yet  cases,  which  will  Ix)  immediately  described,  may  be 
found  in  many  old  volcanic  districts,  where  such  fragmentary  materials 
falling  back  into  the  volcanic  funnels,  and  filling  them  up,  have  been 
compacted  there  into  solid  rock,  or  where  they  may  occasionally  have 
been  produced  by  explosions  of  lava  within  subteiTanean  caverns. 

The  genei*al  law  which  has  governed  the  intrusion  of  igneous  rock 
within  the  earth's  crust  may  be  thus  stated :  Every  fluid  mass  impelled 
upwartbj  by  pressure  from  below,  or  by  the  expansion  of  its  o^^^l 
imprisoned  vapour,  has  sought  egress  along  the  line  of  least  resistance. 
Tliat  line  has  de^K'nded  in  each  case  upon  the  structure  of  the  terrestrial 
crust  and  the  energy  of  eruption.  It  may  have  been  detennined  by 
an  already  existent  dislocation ;  by  planes  of  stratification,  by  the  sur- 
face of  junction  of  two  unconformable  fonnations,  by  contemporaii- 
e<^usly  formed  cracks,  or  by  other  more  complex  lines  of  weakness. 
Sometimes  the  intruded  mass  has  actually  fused  and  obliterated  some  of 
the  rock  which  it  has  invaded,  incorporating  a  portion  into  its  own 
sul^tance.  The  shape  of  the  channel  of  escape  has  thus  determined 
the  external  form  of  the  intrusive  mass,  as  the  mould  regulates  the  form 
tssumed  by  cast-iron.  This  relation  offers  a  very  convenient  means  of 
classifying  intrusive  rocks.  According  to  the  shape  of  the  mould  in 
which  they  have  solidified,  they  may  be  arranged  as — (1)  bosses  or 
amorphous  masses,  (2)  sheets,  (JV)  veins  and  dykes,  and  (4)  nocks. 
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1 3 •  •  ssf -ri  ■ ' r  I rj.-. IT- ■: . •  'Ti s  mi .•-s^rs  •.-•insist  chie ri v  o t"  er\*8tall ine,  coarse-tex- 
TiKi '1  :••  •  k;-.  '  TivLiiitt  tQ'i. syenite api  the  m«:«t  conspicuous  ezaniplcH, but 
v;iri  .'US  : ■i;ii:z-nurpavri»r8.  rllsin-s.  •liorites,  trachytes,  diabases,  andesitos, 
l"I'  ri'-.s,  V  •..  ilso  '.M.-ur.  Where  rocks  a-ssunie  this  fonn  as  well  as  that 
'i'  -li .'.  ■  :4,  1  vkt*!*.  in«l  ■*t..ntemDor:ineou»  bdls,  it  is  commonly  observed  that 
liiLV  irv-  nii.-re  ;«jiiiN*ny  '.rystalline  when  in  amorphous  masses  than  in 
;iiiy  tii^T  r'nii.  Pvroxeuio  iX'cks  alford  many  examples  of  thischarac- 
t«jii>ti'.-.  In  :ue  oatjiu  ot'  the  F«jrtb.  tor  instance,  while  the  outflows 
iL  di«.  surrUce  hnvn  ■-e^.-n  tino-grainod  basalts  and  anamesites,  the 
!ii;irss».fr  ojiisoii'latud  nn'k-m(.*Ath  bave  gi.uerally  been  coarse  doleriU's 
aiul  -liiioiisoN.- 

Granite. — It  was  one*.-  .i  tinuly-held  tt-nt^t  that  granite  is  the  oldest 
ot*  n-cksi,  Th».'  fMUudati«»n  uu  \vhi«jh  all  ••tlier  rocks  have  I >cen  laid  down. 
I'his  i«lea  U"  Inuttt  originated  in  the  fact  that  granite  is  found  rising; 
from  Vt^-injatii  !^uei<6,  ricbist,  aud  other  orvstalline  masses,  which  in  their 
iiuu  ■lU'lerlii.-  vorv  old  stratitiod  formations.  The  intrusive  character 
ijf  uii'^tni*^'.  siiowii  by  its  numerous  ramifying  veins,  proved  it  to  be  later 
than  iit  least  th'-tie  meks  which  it  had  invaded.  Nevertheless,  thocom- 
|K>i>itiou  :aid  -ftrui-turo  of  gneiss  and  mica-schist  were  believed  to  bt*  l»e6t 
V  vplaiut.d  l\v  >uppi3sing  these  rocks  to  have  l>een  derived  from  tho  vaate 
-•t'  ^^rauiu,  and  thus,  though  the  existing  intrusive  granite  had  tol* 
rfvoguis<.'d  as  \K»sterior  iu  date,  it  was  regarded  us  only  a  subseq^ient 
l»ri»ivusion  of  the  vast  uudorlyiug  granitic  crust.  In  this  way,  the  idea 
vt'  ilio  primoval  or  fundamental  nature  of  granite  held  its  ground. 
Krom  what  is  known  ro}nirdiu;r  the  fusion  and  consolidation  of  rocks 
[^*iuU\  p.  'J7t.»,  rt  st'*i,\  and  from  the  evidence  supplied  by  the  microscopic 
Njuioture  v>f  granite  itself,  it  appears  now  to  be  established  that  granite 
lui»^  i.«'iisi»lidatv.'d  under  givat  pressure,  in  presence  of  superheated  crater, 
uitli  ♦u  without  liquid  carbon-dioxide,  fluorine,  ikc,  conditions  which 
j»iolial»ly  nt'ver  obtained  at  the  earth's  immediate  surface,  unhss,  i»fTli:il'N 
in  llii'se  L'arliest  agi-s  wlien  the  atmosphere  was  densely  b mdecl  with 
\.i[K'niN  andwlK-n  the  atmospheric  pressure  at  thesuri^iw  must  bavi'  Kt" 
cnoiiuous  I.  p.  ;U).  lJut  whether  the  original  crust  was  of  a  granili^' 
in  "f   I  111  ass  V  ^.-hamcter,  no  trace  of  it  has  over  l)cen  or  is  ever  likclvtu 

'»      'i  '.!  M»  '. 

Pi.  '  ivt«L'UC0  of  gnmite  at  the  existing  surfacu  is,  therefore,  i»  i^ll 
.  «i  -  'iv  ii.»  the  ivmoval  bv  denudation  of  masses  of  rock  under  which  it 
,.».;^»v.,i' -v  •.•\»iisolidated.  The  fact  that,  wherever  extensive  denudation 
^  »;  \"  i'iv'it.-nt  series  of  crystalline  rocks  has  taken  i»lace,  a  snbjiu'ont 
.•^' iti  I  ju-lens  is  apt  t^*  ap^iear,  d*»es  not  jirove  that  r«vk  t»^K''*f** 
,  ;--n  \  i!  \>rigin.  It  shows,  however,  that  the  lowor  porti»'n>  "* 
.  ••v>!AUin»«  rocks  ver^'  generally  assume  a  irranitic  tyjie,  and  it  sutrir'^ts 
tti'U  if«  al  Mkjrpart  of  the  earth,  we  could  lH>re  deep  t'nnugh  iut'^  the 

-  '>  :     *  IVhi.  Boy.  iSoc,  RliH.  x&ix.  p.  ii^  O^Ti)). 
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cmst  we  should  probably  come  to  a  granitic  layer.  Tliat  this  layer, 
evcu  if  general  round  the  glol)e,  is  not  evorj-where  of  the  highest 
geological  antiquity,  or  at  least  has  consolidated  at  widely  different 
periods,  is  abundantly  clear  from  the  fact  that  in  many  cases  it  eiui  bo 
proved  to  be  of  later  date  than  fossiliferous  formations  the  gcoL^gical 
position  of  which  is  known ;  that  is,  the  granitic  layer  has  invaded  these 
formations,  rising  up  through  them,  and  prol>ably  melting  down  portions 
of  them  in  its  progre^^s.  Granite  invades  and  alters  rocks  of  all  ages 
up  to  late  Mesozoic  and  Tertiary  formations.  Hence,  it  does  not  U'lung 
exclusively  to  the  earliest  nor  to  any  one  geological  perio<l,  but  has 
rather  been  extruded  at  various  epochs,  and  ma}'  even  bo  in  course  of 
extravasation  now,  wherever  the  conditions  retpiied  for  its  production 
have  existed.  As  a  matter  of  fact,  granite  occurs  much  more  fre<iuently 
in  association  with  older,  and  therefore  lower,  than  with  newer  and 
higher  rot^ks.  13ut  a  little  reflection  shows  that  this  ought  to  l>e  the  case. 
Granite,  having  a  deep-seated  origin,  must  rise  through  the  lower  and 
more  ancient  masses,  before  it  can  reach  the  overlying  more  recent 
formations.  But  many  protrusions  of  granite  would,  doubtless,  never 
ascend  l)eyond  the  lower  rocks.  Subsequent  denudation  would  be  needed 
to  reveal  these  protrusions,  and  this  very  process  would  remove  the  later 
formations,  and  at  the  same  time,  any  portions  of  the  granite  which  might 
have  reached  them. 

Granite  frequently  occurs  in  the  central  parts  of  mountain  chains ; 
sometimes  it  forms  there  a  kind  of  core  to  the  various  gneisses,  schists, 
and  other  crystalline  i-ocks.  It  apixjars  in  large  eniptive  bosses,  which 
traverse  indifferently  the  rocks  on  the  line  of  which  they  rise,  and  com- 
monly send  out  a\>undant  veins  into  them.  Sometimes  it  even  overlies 
schistose  and  other  nxjks,  as  in  the  Viz  de  Graves  in  the  upper  Engadine, 
where  a  wall-like  mass  of  granite,  with  syenite,  diorite,  and  altered 
rocks,  may  Ix?  seen  resting  upon  schists.^  In  the  Alps  and  other 
luountjiin  ranges,  it  is  found  likewise  in  largo  bed-like  masses  which 
run  in  the  same  general  direction  as  the  roeks  with  which  they  are 
usH(X:iat<.Hl. 

Itcla  tion  o  f  (i  rani  to  to  contiguous  Rocks. — From  an 
uarly  i>eriod  the  attention  of  geologists  has  l>een  given  to  the  evident 
mineralogical  change  which  has  taken  place  among  stratified  rocks  as 
they  approach  a  mass  of  granite.  This  change  is  developed  within  a  ring 
or  arevda  which  encircles  the  granite,  and  varies  in  breadth  from  a  lew 
yards  to  two  or  three  miles.  The  most  intense  alteration  is  found  next 
the  granite,  while  along  the  outer  margin  of  the  areola  the  normal 
character  of  the  rocks  is  resumed.  In  some  cases,  however,  no  perceptible 
trace  of  alteration  can  l»c  detected  next  a  mass  of  granite.  Of  the  Euro- 
]wan  examples  of  contact  metamori)hism,  th(>s<.'  of  Devon  and  Cornwall, 
Ireland,  Scotland,  the  llarz,  Vosges,  Pyn'uees,  and  Norway  have  long 
been  known.  The  nature  of  the  mctanior[>hisni  thus  superinduced  upon 
rocks  is  more  particularly  discussed  at  p.  bih\. 

*  Htiuler,  *  (Geologic  dor  Sclnveiz,*  i.  ]).  iiWO. 
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,  The  south-east  of  Ireland  supplies  an  admirable  illastration  of  the  relftfcion  between 
granite  and  its  surrounding  rocks  (Fig.  269).  A  mass  of  granite  70  miles  in  length 
and  fn>ni  7  to  17  in  width  there  stretches  from  north-east  to  south-west,  nearly  along 
the  strike  of  the  Lower  Silurian  rocks.  These  strata,  however,  have  not  been  upraised 
by  it  in  such  a  way  as  to  expose  their  lowest  beds  dipping  away  from  the  granite.  On 
the  contrary,  they  seem  to  have  been  contorted  prior  to  the  appearance  of  that  rock ;  at 
least  they  often  dip  towards  it,  or  lie  horizontally  or  undulate  upon  it,  apparently  without 
any  reference  to  movements  which  it  could  have  produced.  As  Mr  Jukes  has  shown, 
the  Silurian  stnitu  are  underlaid  by  a  vast  moss  of  Cambrian  rocks,  all  of  which  most 
have  been  invaded  by  the  granite  before  it  could  have  reached  its  present  horizon.    He  « 

infers  that  the  granite  must  have  slowly  and  irregularly  eaten  its  way  upward  thiongh  j 

the  Silurian  rocks,  absorbing  much  of  them  into  its  own  moss  as  it  rose.    For  a  mile  or  ^ 

more,  the  stratilied  beds  next  the  granite  have  lieen  altered  into  mica-schist,  and  are  ^ 

pierced  by  numerous  veins  from  the  invading  rock.    Within  the  maigin  of  the  granitic  ^ 

muss,  belts  or  rounded  irregular  patches  of  schist  {h  h)  are  enclosed ;  but  in  the  central  j[ 

tracts,  where  the  gmnite  is  widest,  and  where  therefore  wo  may  supiXMe  the  deepest  ^, 

parts  of  the  mass  liuve  been  laid  bare,  no  such  included  patches  of  altered  rock  occur.  ^. 

From  tlie  manner  in  which  the  schistose  belt  is  disposed  round  tlie  granite,  it  is  evident  ^ 

that  the  upper  surface  of  the  latter  rock,  where  it  extends  beneath  the  schists,  must  be  «^^ 

very  uneven.    Doubtless  the  granite  rises  in  some  places  much  nearer  to  the  present  ^ 

surface  of  the  ground  than  ut  others,  and  sends  out  veins  and  string  which  do  not  ^ 

appear  above  grouu'l.    If,  us  Mr  Jukes  supi>03es,  a  thousand  feet  of  the  sclusts  could  be  ?.»«» 

restored  at  some  parts  of  the  granite  belt,  no  doubt  the  bolt  would  there  be  entirely  -,^  • 


a  a 

Fig.  269.— {section  across  iNirt  of  the  granite  belt  of  the  8oQth-e«st  of  IreUmL 

a.  Granite ;  5  6,  patdics  of  Lower  Silurian  rock8  Ijiug  on  tbe  granite  at  various  dixtances  fhmi  the 

main  Lower  Silnrian  area,  c  c. 

buried ;  or  if,  on  the  other  hand,  tho  same  thickness  of  rock  could  be  stripped  off  some 
l>urts  of  tho  band  of  schist,  the  solid  granite  underneath  would  be  laid  bare.    The  extent 
of  granite  surface  exposed  must  thus  be  largely  determined  by  tho  amount  of  denndatioD, 
and  by  the  angle  at  which  the  upper  surface  of  the  granite  is  inclined  beneath  the 
schists.    Where  tho  inclination  is  high,  prolonged  denudation  will  evidently  do  com- 
paratively  little  in  widening  the  belt.    But  where  tho  slope  is  gentle,  and  cspecislly 
where  the  surface  undulates,  the  removal,  for  some  distance,  of  a  comparatively  slight 
thickness  of  rock,  may  uncover  a  large  breadth  of  underlying  granite.*    Portions  of  the 
metamorphosed  rocks  left  by  denudation  upon  the  surface  of  the  gmnite  boss,  are  relic 
of  the  deep  cover  under  which  the  granite  no  doubt  originally  lay,  and,  being  tougfaer^- 
thuu  the  latter  rock,  they  have  resistt^d  waste  so  as  now  to  cap  hills  and  protect  the 
granite  below,  us  at  the  mountain  Lugnaquilla  (L  in  Fig.  209),  which  rises  3039  feet^^ 
above  the  sea. 

Recent  observations  by  Professor  Hull  and  Mr.  Traill,  of  the  Geological  Surrey oB^:>  -^of 
Ireland,  have  shown  that  in  the  Monme  Mountains,  a  mass  of  granite  lias  in  some  parliis  •   ■  •'** 
risen  \x\\  throu^rh  highly  inclined  Silurian  rocks,  which  consequently  seem  to  be  standiogs^  «»-■"»? 
almost  upright  up<jn  an  underlying  boss  of  granite.    The  strata  are  shtirply  truncaledt*^-^^*|*" 
by  the  crystuUiue  moss,  and  are  indurated  but  not  otherwise  altereil.    Tho  intrusive-*  "5^  ■«*^* 
nature  of  the  gmnite  is  well  shown  by  tlie  way  in  which  numerous  dykes  of  darlo^''^^"^ 
nielaphyre  are  cut  oflf  w  hen  they  reach  that  rock.'    The  aceompaiiying  diagram  (Fig.  270JC*^  '*'"-' 
is  token  from  one  of  the  sections  in  which  this  remarkable  structure  is  portimyedbjsc*-*    ^ 
these  ob8er\'er8. 

'  See  Jukes'  *  Manual  of  OeologjV  ^^rd  od.  p.  243. 
-  Horizontiil  Section  No.  2*2,  Geol.  Surv.  Ireland. 
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In  the  Lower  BiluTuii  tiactof  tho  Hi>utli  of  Scutluud  sevi'iul  lar^it  itilruaire  boswa 
ofgnnito  ooenr  (Fig.  872).  Tlia  Btnita  do  nut  dip  iiwuy  rrniii  tliciii  on  nil  aides,  but 
-with  trifling  eiooptioaa  mtintaiu  their  norntal  N.E.  audS.W.  attilic  up  to  tbe  (rnnileon 
one  Hide,  and  resame  it  again  on  tlie  otlii;r.  The  granite  indeed  iiM  nut  merely  pushed 
autdo  ttic  (trata  to  as  to  make  its  way  past,  l>ut  aclnally  nrcnpios  the  plnc<-  ot  so  niucli 
Milorian  greywocke  and  ilialo,  wliicli  have  ilisappeaml,  as  if  thej  had  boeii  bluwD  out  or 
Iwd  been  melted  np  into  tbe  groDile,  The^■  is  OHually  a  metamorpliobcd  bvtt  or  about  a 
■nils  in  width,  in  which,  ob  tbey  approncli  tho  grniiitL',  tlic  stratitieil  rooks  bbsduiu 


pcrpfayrr,  d  d. 

*».  ■ehistowi  or  gneissoid  cliurarter.  Nuiotinnti  sinnll,  dark,  ofteu  angular  patches 
Or  fMgmeDta  of  mica-schist  may  be  obserred  in  the  margiaal  parts  of  the  giaoitc.' 
dtoeasionally  gmnite-TCiDS  protrUEle  from  ibu  luaia  masaes ;  but  in  tho  nietaniarpliosed 
%.one  which  surronnda  the  CrifTel  grtinitu  area  in  Kircudbright,  hundreds  of  dykes  and 
^'■cina  of  variona  feUitic  or  elvanitio  rocks  occur  (sec  p.  564). 

Similar  featores  ate  prcsentetl  by  tbe  granite  Iximea  of  Duvon  and  ('omwnll,  which 
liare  risen  through  Dewnian  and  Carlmniferoua  strata,  Tbe  Darlmour  nuuH  i« 
■ipeciiillj  instmctiTe.  Am  shown  by  the  oarly  work  of  Vv  1a  Heclio,  it  patMCn  ai'row  tho 
l>inndary  between  the  Dcvoninn  iind  Ciirboliiferous  ureas,  extending  cliiefly  into  tho 
latter,  so  that  it  cuti  across  strala  of  different  ages.  In  iloing  sn,  it  bos  rison  irresistibly 
'through  the  cmst,  witbont  seriously  affectiug  tlio  gpn<-ral  strike  of  tlie  roi'ks.  It  eutii 
vjff  tho  end*  of  old  volcanic  bands,  and  of  asiiociattd  grita  and  shalei  into  wiiicb  it 
wends  Tcios.' 

Connection   of  Granite   with    Volcanic    Kocks.  — Tho 
"Snanner  in  wliich  BOino  Imjhhcs  of  granite   iicnctrfttc  tlio   rocks   among 

'  Bonnd  the  marginal  portions  of  many  gmnite  iioascs 
"Sha  rock  abounds  in  such  crystalline  enclosures  (p.  133). 
Tbe  more  angular  and  irregularly  sliapcd  of  tlieso, 
evidently  portions  of  Ike  surrounding  rooks  caught  up  in 
the  granite,  are  commonly  fragmenis  of  inica'Sebiet,  gneiss, 
•to.,  retaining  their  foliation,  which  may  huvo  iK'tn  ile- 
^elojMHi  in  them  after  Iheir  disruption  hiiiI  enclosure  in  tlie 
granite.  Other  rounded  concretions  and  cavities  lined  or 
nlled  with  crystals  are  duo  to  irregular  segregation  in  ttie 
mass  of  gtanitc.  Examples  of  this  nature  occur  in  the 
Cocniah  ami  Devon  granite,  oa  in  Fig.  271,  which  is  cited  by 
De  la  Beche  oa  showing  a  central  cavity  (a),  not  quite  filled 
with  long  crystals  of  schorl  Burioundcd  Willi  an  envelope  of 
quMti  and  schorl  (b),  outside  of  which  lies  a  second  cnve- 
loM  <c)  of  the  same  niuernls,  the  schorl  predominating,  the 
whole  being  contained  inn  light  Hosh-colourod  and  markedly 
felspathic  granite  (d).  For  un  account  of  the  enclosures  in 
granite  «ce  J.  A.  Phillipii,  Q.  J.  Geol.  Sor.  xxxvi.  p.  1 ; 
iixviii.  p.  ^16. 

'  De  hi  Becbc,  'Kcpnil,  Devon  imd  C.irnwall,"  p.  IC.".. 
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whU'li  they  occur  sti-oiigly  recalls  Uio  Btructure  of  volcanic  neclcH  ot 
piiwii  fp,  ."144).  The  graiiite  is  foiiiKl  naa  circular  or  elliptical  niasswliich 
NcoiDH  to  (leacond  vertically  tliroiigli  tbo  BiirrouiKliDg  rocks  witliout 
Boriously  <listnrl)ing  them,  as  if  a  tiilfC-isUaped  opoiiiiig  liad  liecii  Mown 
OTit  of  the  crust  of  the  earlli,  up  whicli  tlie  grauito  had  risen.  Several  of 
the  granite  iikiisscH  of  the  soutli  of  Scotland,  aljove  referred  t«,  oxhihit 
this  clianicter  vciy  Htrikingly  (Fijc-  272.)  That  gmiiito  and  pranitcid 
ruckB  have  jirolKibly  U'cn  asHnciated  witli  volcanic  action  is  indicated  by 
the  way  in  wliicli  they  occur  in  connection  with  the  Tertiary  voleanic 
rotiks  of  Skyo,  Miill,  and  other  iKlanda  in  the  Inner  Hclirides.  Mr. 
•Tukca  BtiggcstC'd  many  years  ago  tliat  granite  or  ^rauitoiil  maescs  may 
lie  at  llie  roots  of  volcanoes,  and  may  l)e  the  source  whence  tlie  luurc 
nilicatod  lavas  proceed.' 


ii.„ri,l,ic 


r,-"  ■"  ..I...... — Tiie  asPrtUii"" 

...   ...iiuiiic  action  with   inetamorphisni    has   U-eu  alrendy  n'fem4  I* 

(l>.  300;.    ^\  liilo  tbo  iiiHtanws  arc  few  wlicro  any  Miitisfaiitory  wiimii-lim 

•  cn-r<t«lliii' 


nctn;tl]y  lie  traced  between  granitic  nniwi'H  nnd 
volciinic  iiN.'kM,  (he  cIomj  ndationMlii])  l>ctwi.eii  granite  ami  tlie  crj'umiiiii' 
scbist*  lias  lung  Ihtu  rei-ngnised.     J.eaving  fur  the  piiMcnt  tlie  ynAieti' 
n  of  these  stdiists,  it  nniBt  !«■  admitted  tlnit,  in  si^inn-  iustiimf 
md  Mcliistiise  TwkM  iii-e  tlie  n-wilts  of  the  mettniniTjiIiieiii 


id'  the  origi 
lit  li'iiBt,  gnei 


iKvlia 


:ir], 


tllj--fiirmiil  wdinieiitary  titrafii.     Tlio  granite  nssocialiil f 
may  powibly  he  of  nictanmrphic  origin,  Ihit  in  to  kiv. 


IiHviT  l«*n  priKlnt'Oil  hy  the  gradual  wiftening  ami    recrystallixati-i 
■  ■ihcir  riK'ks  at  some  dopth  within  the  i-niMt  of  the  eiirtli.     As  •'nidiii 

'  'Mninial(irOn>lnf:j,'SiMlci1.Ii.  !l;l;  (Mkio.  Tm 
QiHirt  Jantm.  OtaL  Sae.  iix.  n.  220 ;  Keycr.  J.ilii-li 
liii  'Ib^lnB an  Phyulk  t\,i  KMij.limiMi.' 
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can  be  traced  from  gneiss  through  losa  distinctly  crystalliuo  schuta  into 
itnnltcred  strata,  the  granite  into  which  fnich  gneiss  seems  to  pass  han 
boen  looked  upon  as  tho  cxtrciiio  of  luotAmorpIiiBm,  the  various  sclkiHts 
and  gDoisses  hoiug  less  advanced  stages  of  tho  process.  Trofcssor  Dana 
has  described  a  sericB  of  hornblendic,  hyperethen  Ic,  angitic,  micaceors 
and  olivine  rocks  in  tho  valley  (if  the  Hudson  liiver,  ^vhich,  as  vaiiotios 
of  granite,  syenite,  dioritf,  norite,  &c.,  he  de8cri1>c8  as  masscu  that  have 
boen  rcdnood  to  a  fused  or  plastic  condition  tlirough  luotamoTphic 
action.' 

Tho  mineralogioal  coinivositiou  ()f  graiiito  or  other  massive  rock, 
formed  by  the  niotanioq)hiHnk  of  other  and  Bi>cciidly  scdinientni-j-  rockn, 
would  doubtless  voiy  ivitli  that  of  the  niasses  out  of  wUich  it  had  riHcn, 
and  these  variations  would  occur  at  short  intervals.  lu  some  cases,  there 
niiglit  be  a  regular  gradation  from  trno  granite  outward  into  acluKtosc 
and  (jneissose  masses.  But  mich  a  transition  lU'ed  not  alwaj's  oeenr,  fur 
if  the  granite  was  subject  to  unequal  pressure  (wlii  eh  it  assuredly  wouM 
in  most  cases  be),  it  would,  in  its  soft,  pasty  condition,  undoubtedly  !« 
sijucezed  info  any  routs  made  in  the  suirounding  rocks,  and  would  thus 
imitate  a  truly  eruptive  mass,  which  iu  actual  fact  it  would  tlion  be. 
Wlicn  granitu  rises  through  unaltered  or  only  locally  altered  strata,  tt 
may  fairly  l>e  termed  ignoous  and  intrusive.  Wlicn,  ou  tlio  other  hand, 
it  is  intimately  associated  with  extensive  masses  of  schist  and  gneiss, 
many  of  which  can  oidy  !«  distinf^uished  fmni  it  by  their  foliateil 
structure,  it  may  piwsibly  bo  of  inetamoiidiie  origin.  Fundamentally, 
indi-i'il,  eruptive  and  metamorphlc  granite  may  conceivably  U-  duo  nnly 
t'>  dilTerfiit  modificntiitnH  of  the  same  subterranean  processes.  A  mass  i>f 
<iri;;inally  sedimentary  I'ocks  may  1(0  deprcMsed  ttt  a  depth  of  several 
thousand  feet  within  tlie  earth's  cnxst,  where,  subjected  to  vast  jnessni-e 
and  considerable  heat  in  presence  of  interstitial  ^vater  or  steam,  it  may 
be  metamorphosed  into  a  erystnlline  cnndifion.  A  portion  of  this  mass, 
nndei^ing  extreme  alteration,  may  so  completely  lose  all  trace  of  its 
original  fissile  structure  as  to  become  amorphous  crystalline  granite,  some 
of  which  may  even  !>e  thrust  as  veins  into  tlie  less  highly  changed  parts 
alxivu  and  ai-ound.  One  stage  further  would  liring  Ijcforo  ns  a  connec- 
tion opened  l)etween  tlie  earth's  snrface  and  such  a  deep-seated  granitic 
mass,  and  the  eonseqneiit  ascciit  and  outburst  of  acid  lavas  and  their 
fragmental  accompnuiiiients  (p.  Ti3li'). 

<Jn  tlio  otlier  Iiand,  originally  eruptive  and  amoiidiouH  granite  may 
doubtless  acquire  a  HchiMtoso  structure,  so  as  to  deserve  the  name  of 
gneiss.  Such  a  change  would  take  place  under  great  shearing,  the 
oom]Kinent  minerals  being  drawn  out,  as  in  tho  fhi\iun  stineturo  of 
lavas.  Some  geologists  indeed  liave  hold  that  gneiss  is  not  an  origin- 
My  laminar  rock,  but  is  only  a  variety  of  granite  in  which  a  foliated 
•troctnro  has  been    superinduced.*      That    ihis    may   have  been    tho 

'  Aatr.  Jtmr.  8ei.  si,  (IS80)  p.  Zli). 

'  ttett,  for  K  recent  atalcment  fif  lliis  viow.  Dr.  T*limBnn'B  work  on  tlio  Bftiiniliti' 
ipginn  orHasnny,  cited,  uuli;  p.  \«H. 
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origin  of  some  of  the  coarse  grauitoitl  Aroha^iui  ^neiwies  seeuis  liighly 
probable.^ 

Diorite,   &c.— On    a    smaller    scale    usually    than  granite,  other 
crystalline  rocks  assume  the  condition  of  amorphous  bosses.     Diorite, 
syenite,  quartz-porphyry,  and  members  of  the  diabase  and  Lasalt  family 
have  often  been  enipted  in  irregular  masses,  partly  along  fissures,  partly 
along   the  bedding,   but  often   involving  and  apparently  melting  up 
portions  of  tlie  rocks  through  which  they  have  made  their  way.    Such 
bosses  have  frecpiently  tortuous  lx»undarj'-lineH,  since   they  send  out 
veins  into  or  cut  capriciously  across  the  surrounding  rocks.     In  Wales, 
as  shown  by  the  maps  and  sections  of  the  Geological  Survey,  the  Lower 
Sihirian  formations  are  pierced  by  huge  bosses  of  different  crystalline 
rocks,  mostly  included  under  the  old  tenn  "greenstone,"  which,  after 
running  for  some  way  with  the  strike  of  the  strata,  turn  round  and 
break  across  it,  or  branch   and   traverse   a  considerable   thickness  of 
stratiiied  rock.     In  central  Scotland,  numerous  masses  of  diabase  have 
been  intruded  among  the  Lower  Carboniferous  formations.     One  horizon 
on  which  they  are  particularly  abundant  lies  about  the   base  of  the 
Carboniferous  Limestone  series.     Along  that  horizon,  they  rise  to  the 
surface  for  many  miles,  sometimes  ascending  or  descending  in  geological 
position,   and  breaking   here  and   there   abruptly  across   the   strata.- 
There  can  be  little  doubt  that  they  have  actually  melted  down  somu 
parts  of  the  stratified  rocks,  particularly  the  limestone.     Considerable 
petrographical  differences  occur  among  them,  which  may  perliaps  l»e  in 
some  measure  due  to  the  incorporation  of  such  extraneous  material  into 
their  mass.     Gaps  occur  where  these  intrusive  rocks  do  not  rise  to  the 
surface,  but  as  tliej'  resume  their  position  again  not  far  off,  it  may  l"*-' 
l)resumed  that  they  are  really  connected  under  these  blank  intervals, 

Mr.  G.  K.  (lilbert  has  described,  under  the  name  of  "laccolite. 
a  structure  in  the  Henry  Mountains  in  Southern  Utah,  which  i^ 
probably  not  uncommon  in  denuded  volcanic  districts.  Large  Ihx^i'H 
of  trachytic  lava  have  risen  from  beneatli,  but  instead  of  findiiijx  thvir 
way  to  the  surface,  have  spread  out  laterally  and  pushed  up  the  uvtr- 
lying  strata  into  a  dome-shajHid  elevation.  Here  and  there,  smaller 
sheets  proceeding  from  the  main  masses  have  been  forced  lietween  the 
beds,  or  veins  have  been  injected  into  fissures,  and  the  overlying  aim 
contiguous  strata  have  been  considerably  metamorphosed.^ 

Effects  on  C o n  t  i  g  u  o  u s  Rock s. — Many  intrusive  lK.)Sses  havi- 
greatly    affected  the  texture,  and    even  the   mineralogical   composition 

'  (iiieiid  is  not  a  merely  clcAvcil  gruiute.  Its  component  miuerals  Lave  cmtalW 
info  their  present  mntual  arrangements.  Tlmt  crystalline  readjustments  have  tukcu 
place  in  cleaved  rocks,  and  probably  under  tlie  intluence  of  the  process  of  cleavflgt. 
lias  been  already  stated  ianU\  p.  290).  Where  the  foliation  of  gneiss  hod  K-eu  prodatvJ 
ill  this  way,  it  must  certainly  be  reganled  as  the  extreme  result  of  the  co-operation  of 
shearing  and  crystalline  rearrangement. 

*  Trail*.  Hoy.  Sor.  Edin.  xxix.  p.  47(j.  ^ 

*  *  Geology  of  the  Henry  Mountains,'  U.S.  (ieog.  an<l  Geol.  Survey,  \Vashingt»»D.  IN^- 
A  similar  structure  was  ti'jfured  and  <lescribed  by  (.'.  Maclareu/*(iejl.  of  Fife  a"" 
Lothians/  1830,  pp.  100,  101. 
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of  the  rocks  Ibrough  ^rhich  tliey  have  1)een  erupted.  The  amount  and 
natnrc  of  the  change  prodacod,  vary  with  the  character  and  bulk  of 
the  eruptive  mase  as  well  as  witli  the  susceptibility  of  the  aurrounding 
materials  to  alteration.  Diorito,  diahaBc,  luclaphyre,  basalt,  felsite, 
aud  other  eruptive  rocks  are  not  infrequently  accomimnied  by  very 
oonsiderable  metamorphiRtn  of  the  adjacent  utTAta.  TIicko  jiheiiomcna 
are  manifeslod  also  by  intruHivo  ahcota,  dykos,  veins,  and  necks.  They 
belong  to  the  scries  of  changes  embraced  under  the  head  of  contact 
metamorphisni,  and  are  grouiHsd  together  for  description  in  the  next 
Part  (]>.  557). 

Connection  with  Volcanic  Action. — There  «m  }>o  littlo 
douht  that  in  regard  to  eruptive  masses,  ]iiirticularly  of  tho  dioritic, 
diabasic,  and  doleritic  or  basaltic  series,  though  tho  portions  now  visible 
consolidated  under  a  greater  or  less  depth  of  overlying  material,  they 
must  in  many  cases  have  Iwen  directly  connoctod  with  superficial 
volcanic  action.    Some  of  thorn  may  have  been  underground  ramifica- 


tions iif  the  ascending  molten  rock  whiih  poured  forth  at  tho  sTtrfaoo  in 
streams  of  lava,  though  these  su]«rfii.ial  portiiinw  have  l>ecn  removed  by 
denudation.  Others  may  mark  the  position  of  intruded  masses  wliieh 
were  arrestetl  in  the  unsuccessful  attempt  to  ojien  a  now  volcanic  vent. 

Connection  with  Crystalline  Schists. — In  some  re- 
gions masfies  of  diorito  associateil  with  crystalline  schists  have  under- 
gone such  a  rearrangement  of  their  compjnent  niJncnils  as  to  jiass  into 
amphiliolitos  and  homblende-schiMts.  Thest:  changes  are  well  developed 
ill  the  Saxon  Granulitgebirge  and  in  the  North  of  Scotland.  They  are 
further  referreil  to  at  pp.  129,  .'i76. 

S  2.  Sheets. 
Eniptive  masscM  have  been  intrudeil  iHitween  other  rocks,  aiid  now 
appear  as  moie  or  less  regularly  defined  lx?ds.  In  many  eases,  it  will 
be  found  that  these  intrusions  have  taken  place  lietween  tiie  planes  of 
stratification.  The  ascending  nKilten  matter,  after  breaking  aiToss  the 
rocks,  or  rather,  after    ascending    through  fissures,  either  previouwly 
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fiirnicd  or  opcncil  at  tho  tinio  of  tlio  oiitliurHt,  has  at  last  foutul  its  path 
of  \iiiwt  roBiBlaiicc  to  lio  along  tbo  bfiltliiig-planeM  of  tho  etratu.  Aocord- 
ingij-  it  had  thrust  ibtelf  lictweeii  the  beds,  mining  iip  the  overlying 
iiinsH,  niul  Holiilifyiug  aa  a  nearly  or  exactly  ]iantllel  c:iko  or  uhc-ct. 

It  w  evident  thnt  nno  of  those  interculaleil  HhcetH  itmat  jirescnt  tnioli 
jHiiiita  of  rexenihlaucc  to  a  sulHicrial  stream  of  lava  ati  to  make  it  occasion- 
ally H  somewhat  difficult  matter  to  ilet^irmine  its  true  character,  more 
eHpeciftUy  when,  owing  to  ext<'iisivo  denudation,  or  other  cause,  only  a 
small  portion  of  the  rock  can  now  be  scon.  Intrusive  sheets  are  marked 
hy  the  following  rhnrai'tcrs,  though  these  iiinet  not  be  supposed  to  be  all 
pn'*;eut  in  every  ease.  (1)  They  do  not  rigidly  couform  to  tlie  Ixidding 
of  the  RH-kH  among  which  they  ai'o  intercalated,  hut  wuuctimes  break 
acroMs  it,  and  run  iilong  on  another  )i]atfiiriii.  Ci)  They  catch  up  and 
involve  jiortions  of  the  siirrounding  stratu.  (.1)  'i'liey  sonietinics  send 
\i^itm  into  the  rot:ks  almvc  an<l  licdow  them.  (4|  They  aro  conntt-letl 
with  dykes  ur  pipes  which,  descending  through  tho  rocks  undumcath, 


I;;.  II-I.— |)l>gniiDinit[c  vine  utSjllibnry  Criiti,  Edlnbnrgli. 


have  been  the  channels  by  which  the  intrusive  nheet*  were  supplied. 
(.">)  They  are  eomiuoidy  luiist  eloee-grained  at  their  upper  and  under 
surfaces,  and  miwt  coareely  orystalliiie  in  the  c^^ntral  portions.  («)  They 
are  rarely  cellular  or  amygdaloidal.  (7)  The  rocks  Iwth  above  and 
below  tlieiii  aro  usually  luirduned  and  otherwiso  moi-e  or  less  altered. 

AsnwDl1-kiinwnniid(froijj  itisnggooiatinii  witli  thuUiittonianand  Wernvrinn  dupntti) 
clnBeical  cxiiiii|>to  or  tUia  ttrucluro,  the  munil  csciirpuciit  cuIIikI  Snliabury  C'mgs  at  Edin- 
Lurgli  mny  bo  dcBoribed  (l^ig.  27*),  TLis  it  a  elict-t  of  crjstallino  dialMiBc  (dolerite), 
wUicli  enu  bo  tmcod  for  a  di»ti»nee  of  1500  jimls,  lying  among  tho  red  and  grey  Bnnd- 
Hloiies,  iihiilG8,  anil  inipiin>  liineslonra,  vrUicli  form  the  "iiase  of  tho  Carbniiiferona  sysleia 
nf  coiitml  Scollniiil.  As  thn  geiioml  dip  fit  the  rneka  ia  nnrlh-caslerly,  it  forniB  a  lofty 
cliff  fiiriiig  woat  mv\  wmth,  from  Hie  lin«p  df  which  ii  Irtnj;  gniA-y  ulitpo  of  du'hris  &trolclic* 
down  to  tlio  valloy  iu  Troiit ;  the  Uiickncu  of  tliu  sliLi't  iit  the  liiebcat  part  of  the  bed  it 
about  80  feet,  but  iit  ii  distnuco  of  0.10  yonla  to  tho  nortli  thin  thiokucM  dimiouhei  to 
Ksa  lliaii  a  hiilf.  At  first,  the  diaUiHu  might  bi;  tukcu  fuv  -a  coiiforuiahlB  nhcot,  it^ulnri; 
inturiiuged  bctirec-n  tho  sedimentary  eiratti.  Uut  uii  exiimiuation  of  the  boda  on  whkli 
it  rostsahowH  thiititlninsgrcfsivelyimsiicaovcr  u  HHeuoaitiouof  iilatfonufcoud  cveotaallj 
coaici  lo  rest  ut  llio  caat  cud  ou  utmta  Eoincwhat  lower  iu  gcologii^  poaitiou  tbnu  thoK 
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>t  Uie  nortli  end.  Horaorcr,  another  parallel  intmsivo  sheot  inleccoluUd  in  a  loiver 
pottkot  at  tbe  MDdBtone  ■eriea  gtaduall;  itpproacbeB  the  tock  of  Saliaburj  Crags.  Tlioy 
■ue  both  Inui^rewtTe  acriMi  the  atrota,  nnd  Ibey  appear  to  unite  in  a  liirga  diom  called 
t^wuon'a  Bibi. 

On  the  west  &out,  a  laigo  dykc-likc  masd  of  ILo  LTupllvo  rock  de«^cmIs  vertically 
OunoKb  tLc  Mndatouaa,  and  Lns  been  regarded  est  not  improbably  a  pipe  or  feeder,  Tmu 
■«liich  the  molten  rack  uriginnlly  rose.    Along  tbe  aoutbcra  Tucs  of  tlio  CEcnrpucul, 


■♦•-•v-t^-Taiiiirtruetiveoxpoaumt  ahow  tliu  boliaviour  of  Ibo  dinbosc  to  tbo  strain  Uirough 

■"'l*-**:!!!  it  ban  mode  it»  way.     In  Fig.  27;%  for  example,  a  portion  of  tbe  uuderljing 

*• '  r»*  ftn  kning  been  carried  niruy,  the  diubaao  bin  wedged  itself  in,  below  ono  of  tUo 

^^•^^^  ^ininj;  broken  ends.    Again,  vciiia  and  tbreiida  of  Ibo  eruptive  rock  liava  been 

i^'kj  «>«=tod  iuto  fragmeiiU  of  the  stinla  caught  up  in  its  tnasa  (Fig.  2T(j).    The  strata  in 

*****»*«ct  with  the  dinbafle  havo  been  mueb  hardened,  tho  ahalea  being  converted  iutou 

■^'**«3  of   pnicellanitc,  and   tbe   Bandatonea   into 

^v^x^viiite.'    Tlio  diabnae  in  the  centre  of  tho  bed 

■^   «^    «oarae-gTained  roek,  in  wiiich  lliecom[>onent 

■***■*»  c7iaU  can  readily  bo  detected  with  a  lens,  or 

*-'^''^*»  with  tho  niwiMifltciI  eye.      But  as  it  ap- 

1  **"""^a*i«hea  tbo  aedimentory  btja,  above  ond  Ldow, 

■  *   *^«stiJiues  flnelj  cryBtnllino.    1  Imve  hnd  acetioiia 

*'***     for  tbo  microscope,  showing  Iho  actual  junc- 

*  i*>m»    of  the  two  rocks.    (See  Fig.  25,  p.  152.)    In 

^■^^^^M>  it  is  interesting  to  observe  tlmt  tho  diabase, 

■"'^"^      ubout  tbo  eighth  of  an  inch  iuwanls  from  its 

^^*£?c,  consiats  inutnly  of  au  altcrod  glass  in  which 

"WlU- formed  crjutols  of  tritlinio  felapnr  and 

J   ****»erona  opoiiuo  tufted  microliths,  which  may 

"^    «»f  augite.    An  inch  back  frum  Ibo  edge,  tho 

*5<«»^aa  Bod  the  miorolitba  have  nliko  diBappoaml, 

^**^    lb*  rock  is   merely   a  cryslalline  diubaae, 

'*^'*-'>gb  finer  in  gruin  than  in  the  eentrul  portions 

*    ^iiebed.    Nunicrooa  steam-  or  gas-vcsieles  oc- 

-  ^^      in  the  vitreous  part,  some  of  Ibeai  empty, 

"*     mostly  filled  with  cnlcite  or  a  brown  fcrru- 

*5^***^>n«  tortb.    There  can  bo  little  dnubt  tliat  the  vitreous  Blructuro  of  this  uinrgbul 

.      ***  was  originally  that  of  the  whole  rock.    Tho  Ibinneas  of  tlio  glassy  crust  is  in 

~|**-»nony  with  all  that  is  known  as  to  the  feeble  theminl  eonductirity  of  lava.    When 

'^    tock  was  inlruded,it  was  no  doubt  a  molten  glnas  coutuining  much  abaorberl  vopoiir, 

escape  of  which  at  its  high  temperature  was  probably  tlio  muin  agent  in  iiidiinititig 


j(.35«.-ll4HgfB.,(l,ion. 
ImbcdJcd  ill  tho  dislxue  | 
Cnga,  (iDd  InfKled  « lib  vc 


u1  .'Mtibury 
I  ind  IbrcHb 


tH^ 


_        '  Mr.  Borby  lias  observed  in  spci 

P**Wo  eiaminiition  Hint  tbo  fluid  c 

^***(M,  Q.  /.  Geoi.  iSoo.  xxsvi.  Address,  p.  W2 


from  thia  liieality  sliced  by  bim  for  micro- 
tlio  quBrlz-grains  have  been  eniplicd. — 
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the  adjacent  strata.  In  a  number  of  Blices  cut  from  different  parts  of  the  centnl 
portion  of  the  diabase,  I  have  failed  to  detect  any  of  the  steam-holes  so  marked  in  the 
outer  vitreous  cdge.^ 

This  greater  closeness  of  texture  at  tlie  surfaces  of  coutaot  forms  ODe 
of  the  distinguishing  marks  of  an  intrusive  as  contrasted  with  a  contem- 
poraneous sheet  (p.  548).  Microscopic  examination  of  these  marginal 
parts  from  many  of  the  intrusive  sheets  in  central  Scotland,  shows  that, 
even  where  no  distinct  glass  remains,  the  rock  is  crowded  with  black 
opaque  microliths  arranged  in  a  delicate  geometric  network.  Back  from 
the  surface  of  contact,  the  microliths  disappear,  and  the  magnetite  or 
titiiniferous  iron  assumes  its  ordinary  crystalline  and  often  indeterminate 
or  imjierfect  contours.  These  bodies,  developed  along  the  marginal 
portions  of  the  intrusive  mass,  probably  belong  to  conditions  of  nipi»l 
cooling.^ 

Another  lithological    characteristic  of   the   intrusive,  as  coinpart'il 
with  the  interbedded  sheets',  is  the  considerable  variety  of  composition 
and  structure  which  may  be  detected  in  diffei-ent  portions  of  the  same 
mass.     A  rock  which  at  one  place  gives  under  the  microscojKJ  a  crystal- 
linc-granular  texture,  with  the  mineral  elements  of  diabase,  will  at  a 
short  distance  show  a  coarsely  crystalline  texture  with  abundant  ortho- 
claso  and  free  quartz — minerals  which  do  not  belong  to  normal  diabase. 
Iliese   diiferences,   like   those   above   referred  to  as  noticeable  among 
amorphous   l)osses,   seem    too    local   and  sjMjradic   to   be   Batisfactoriiy 
referred  to  original  differences  in  the  composition  of  various  parts  of  the 
molten   magma,  or  to  segregation  by  gravitation  or  otherwise.    Tboy 
KUggest  rather  that  great  intrusive  sheets  haA-e  here  and  there  involvt'd 
and  melted  down  portions  of  rocks,  and  have  thus  acquired  loc^illy  au 
abnormal  composition.^ 

Effects  on  Contiguous  Rock s. — Admirable  examplctJ  "f 
the  alteration  produced  by  eruptive  masses  are  not  uncommonly 
presented  at  the  contact  of  intnisive  sheets  with  the  surrounding  roci'^- 
Induration,  decoloration,  fusion,  the  production  of  a  prismatic  stnirturc 
conversion  of  coal  into  anthracite,  of  limestone  into  marble,  aiul  otluT 
alterations,  may  be  observed.  Tlie  nature  of  these  changes  is  desoriK''l 
at  }).  557. 

C  u  n n  e  c  t  i  o  n  with  V  o  1  c  a n  i  c  A  c  t  i  o  n. — Many  volcanic  rixk^ 
occur  in  the  f(ain  of  intrusive  sheets,  as  felsite,  quartz-porphyr}%  dioritc. 
iiu'laphyre,  diabase,  dolerite,  basalt,  trachyte,  and  others.  The  rciuarb 
above  made  regarding  the  connection  of  intrusive  bosses  with  volcanic' 
action  may  be  repeated  with  even  greater  definiteness  here.  IntrnMV* 
8lu-ets  a])oiind  in  old  volcanic  districts,  intimately  associatoil  with  dykes 
and  siijface-oiitflowH,  thus  bringing  ]>efore  our  eyes  traces  of  the  under- 

'  One  of  the  most  romarkablo  examples  of  an  intniBivo  thoet  is  the  Whin  Sill  of 
Vorthumbciland,  of  wliicli  an  account  hy  RIefsri?.  Topley  and  Lebour  will  be  fonn<l  in 
J.  frVo/.  i^oc.  xxxiii.  (1877)  p.  40«;.     See  a]:«o  J.  J.  11.  Teall,  op.  n't.  1884. 
-  See  Fouque  and  Levy,  *  SyntheriO  dcs  IMineraiix,'  quoted  ant^,  p.  271». 

J*  T/^rli^-  ^^'-f-  ^^'^'  ^^'^^'  ^^^^-  P-  ^^2-     C'lough,  Gt'ol  Mag.  1880,  p.  i'SS.    Stv  ftln^ 
J.  H.  Teall,  Q.  J.  GeoL  Sot:  xl.  p.  247.  * 
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ground  meobauiam  of  volcaiiooH.  Interesting  oxamplesot"  thin  connection 
oeewr  among  tho  Cftrboniforoiis  volcanic  rocks  nf  the  hmin  of  tlio  Forth,' 
Many  of  the  "  nocks,"  or  former  volcanic  voiits,  arc  aesociatofl  with 
intruuive  xheetti,  which  probably  ntark  Home  of  the  Buhterranean  protru- 
sions of  molten  i-oek  during  tho  earlier  stuf^os  of  volcanic  action,  bofuio 
oomniunicatiun  had  boen  ostablishcd  with  the  mirface,  or  towards  the 
cloBO  when,  the  vents  Iiaving  heen  choked  up  with  crnptod  material, 
cticapo  to  tho  Kiirface  became  difficult, 

S  3.  V  0  i  n  B    ii  n  d    Dyke  a. 
The  term  "vein"  is  rather  vaguely  employed  by  };eoli)gii*ts.     It  in 
uiie<l  UH  the  designation  of  any  mass  of  mineral  matter  which  has  noliditied 


l*tivei-n  tho  wijarated  walls  of  a  fissure.  Wln-n  thin  niinoral  mattt'r  lias 
Vvn  dejxisiled  from  nqueons  Bolntion  or  from  mibliuiatiim,  it  formn  wluit 
in  known  as  a  mineral  vein  (p.  Tii?:!).  When  it  has  been  injectc^l  in  ii 
molten  or  pasty  stat^,  it  furniB  an  erujilirr  rpin;  or,  if  it  forms  a  vertical 
nall'liko  mass,  a  dijltf.  AVlicn  it  haBcrjsta!li/ed  or  segregatad  out  of  tho 
comjioDCut  materials  of  Homo  still  nn consolidated,  colloid,  or  ])a«ty  rock,  it 
is  called  a  tegi-egnlion  vein. 

Emptive  or  Intmsive  Veins  and  Dykes  arc  portions  of  tmcc- 
nie1t«d,  or  at  least  paaty  matter,  which  Imve  I>ecii  injected  into  rents  c.if 
IircvionBly  »oli<lificd  rockw.     When  triiceable  Bufficiently  far,  thfv  may  lie 
'  Soo  Trans.  Soy.  Soc.  Ellin,  xxix.  p.  Hi. 
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!«;i:n  bi  swi.il  nut  and  mergo  intu  their  parcut  maaa,  wliilo  in  die  opposita 
.liiT-''ri.'ii  thf-y  imiy  Secrtnie  atti^onafi^d  into  mure  tliietulu.  SonietiniM 
tlii-y  run  fur  iiiany  yanU  or  milest  in  t.,lenibly  stnijclit  liwrn.  'Wlieu  thii 
fcikoM  ].I;i.-.!  tilling  thi-  MtrAtificatiun.  tbi.-y  look  Ulce  betla,  bat  tliuy  are,  of 


loiirw,  ifiilly  itilruBivi:  itliectii.  Tliey  iiiiiy  frefiiit-Ltly  lie  fonnil  \>i  "liTi 
Htiil'l'FiH  I  ^arl  rdownwurd  aud  tobrc-A  tcrotw  tlu.  bi>d(liii„  mavirv 
iritij;ul«      ai  ntr 

Vo  riick  exi  biU  nwro  n  Irncl  vcly  tlian  Bf«n  t*  tlic  numirNiui  Tuutieii  of  ft™ 
:i:iHi]inefl  I )  \  im  One  Inrgi  cIbm  nf  g[Tnn  ti.  to  na  i  probablj  refumble  to  »git- 
f,'.tlmii-vc'  no —  Diked     u  t1  c  caiu  of  thow  ossocik  i1  *ri  b  gnu  toid  gacua    (  mno 


*3^ 


fr 


^ 


Iriiwimy  liiii>l]clvrii.'n  M'Kn.'i,iilii)ii  ami  iutnisimi.  Vlierovfinaprocwliii? 
iiiiiss.  InivirM' itiHni|i|i"l  r'trulii  i>f  -rliist  or  gocixj.  they  luay  I*  intnw'^' 

>  u"  u m  iilwiiv*  r.il(,„v«;  r„r  in  i\><-  An-liii-mi  siii'iM'i.f  Sutlifj!imi1.tl.t 

tiiiiHli'  vriiiii.  I'Vi'ti  uhiu  I'UlliD;;  amt-va  disriipleil  bnniU  of  ^nuaH^l*'! 
it  iii-i'  iiilirl.i'.UU'.i  witli  nml  (-nuliiulc  iiisfii*iUj-  iiilo  tbe  giieini  nill"' 
^~.  ulii-  .111.1  fiiUii  nliki'.  iiuirf  li>-  r.'yiinU-.l  ii«  .lui;  to  ouc  i;n«l  wmiiili'i 
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Hoatlai^  manea  of  granite  scnil  Teins  into  Uiogmroumling  rocks,  nud  often  in 
imdaJicea«tororniaconipliDatodDetwark(Figg.  278,279).  Tboy  viiry  inbrca<U|j, 
'eml  feet  or  hvcd  ^rdii,  down  to  flno  fllamonts  at  tite  enJa  of  tbo  Eniallci  branctii'H. 
cqnentlj  cioss  each  otlior,  oat  only  outsido  of  the  granilo  maes,  but  even  witbin 
If  vary  much  in  texture  and  iu  composition.  Soraelimcstboy  oiecoarBely  crystiil- 
:inatite,  but  most  of  the  veins  of  this  kinil  are,  doubtless,  due  rather  to  segrcga- 
.D  intmstnn.  Lnrge  bosses  of  granito  are  often  trovcracil  by  conapieuouB  veins  of 
,te  (Fig.  284),  but  tho  veina  dao  most  prubiibly  to  actual  intrusion  of  material, 
imonly  finei-gmincd  than  the  main  mnsa.  Iteeidcs  thi^  theater  cIojchosb  of 
these  intrusive  veins  lomelimcs  jirescnt  couaidcr.ible  diflerunces  in  nuQetHlogical 
tioo.    The  uiioo,  fur  example,  may  bo  reduced  to  exceedingly  minute  and  not 


uadunt  flakes,  snd  may  slniost  ilianjipear.  The  quartz  also  nccaBioually  easuines 
linato  place,  and  Ibc  rock  it  the  veins  passes  into  one  of  tlie  vaiitties  of  felsite  or 
wrphjry,  elvanilc,  or  eurite.' 

re  granito  ajiponra  among  crystalline  schisla,  the  dlatiuclive  rlinracters  of  its 
3  veins  arc  apt  to  be  lost  among  tlic  abundant  proofs  of  ei-g regal  ion.  But  wticro 
■Mm  rises  iu  a  n';;iiin  of  ordinary  sedimentary  rocks,  tliose  fbnrartiTS  arc  strongly 

It  in  ill  tlic  metamorphosed  belt,  already  (p.  527)  described  as  eticiroling  nn 
)  IxKis  of  grjuite,  tlint  eruptive  veins  are  typically  developed  and  most  readily 

In  C<>ruu'iill,  for  example,  the  granito  and  surrounding  idates  aro  abundantly 
1  by  vi'ini  or  dykes  of  granite  nnd  of  quartz-poriiliyry  {dram;,  which  are  mOHt 
u  Dear  the  granite  (Pi^.  280),     They  vary  in  width  from  ii  few  inehea  or  feet  to 

i  a  reference  to  the  Lfidtgnng,  f(.i(e,  ji.  HO ;  also  Iluwes,  Anitr.  /oKru.  Sei.  \xi. 
■.  2U.  Febiite  or  elvuiiito  includes  tho  felattic  vadelii'S  co^iipodiil  essentially  of 
10  (potiul)-fckiiar; ;  euritemiglit  bo  restricted  to  those  consistiug  mainly  of  albito 
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jO  fiitlioiUK,  their  ncntml  portionn  Iwiit);  ooinnioiily  more  nyBtiillins  tlwD  the  i&dee. 
'I'hi'y  frc<tufnlly  encloau  Hu^iilnr  frngmL-nl^  of  slntc  (p.  5^9,  nof').  In  the  great  gmoite 
rcginn  i>f  Tn.-inntci'i  Jnkfs  tracid  eoiik-  nf  tlic  elvniiB  (m  Bevrral  milci  ninniog  in 
]iiiRilk-l  luuda,  cnrh  only  n  R-w  fii't  thirk,  nilh  itiliTViils  oF  200  or  300  yanla  brtirMn 
llii'm.  Aroitnil  gomo  iif  the  Rranilp  boMi'a  nf  lhi>  snuth  of  Seotlaui!  similar  Tetua  of 
fc'luilf  (itnl  imriihyry  ulioumi.  The  gnmitii  of  tlit  Wnliralrli  Mounlainii  in  Uloli,  «hirh 
riiH'K  lhrou<;]i  tlic  U|>i<rr  Ciirlionifcroiis  Uainitoni'K,  cunvt'Tliiig  them  into  wLilo  nurblp, 
Bi'iiilx  nut  TriiiH  of  gr.init<'-por]'''T'7  ''"i'  olhr-r  crvfttnlliuK  coni)xniii(1i(.  Ju  short,  nil  over 
UiK  irnrlil  it  ia  Rnnnuoii  fur  i'ru[itivi;  bos8i>s  of  this  rock  lo  hnvu  n  frinj^  of  intrusivo  Tciui 

IMniiy  otlivr  cniiilivo  nx'ki*  (ilioriti;,  ilL](biLHc,  nirlniiliyrc,  liiwalt,  ftc.)  jirvseut  ndmir- 
itblc  r-x:!?!)]!]!'.-!  of  iiitnixivt'  ri'iiiH.  Tlic>«  nn^  ili>!tiiigiiiBhiil  from  thont  of  granjlc  by  tbc 
nLiii'h  ti'ss  iiiftniiiorphisni  with  wliicli  they  nro  nltomlcd. 

T)  ykea  are  veins  of  oruptivo  rock,  filling Torticiil  or  highly- inclined 
fiutnircB,  and  are  so  named  on  account  of  their  rcsomblanco  to  valla 


(^Srnli'ri;  dykcK;.     T)ieir  sides  are  often  as  parallel  and  pcr[)ondiotilar 
those  of  built  wiilla,  the  reeemblanco  to  human  workmanship  beivJ 
heightened  by  the  nuinerouB  joints  which,  intersecting  each  other  aloi^" 
the  face  of  a  dyke,  remind  usof  wcli-fitted  masonry,    Where  thesurroimd 
ing  rock  has  decayed,  the  dykes  may  bo  seen  projecting  above  gronr' J 
exactly  like  walls  (Fig.  281) ;  indeed  in  many  parts  of  the  west 
Scotland  they  are  made  use  of   for  encloBurea.     The  material  of  t-:* 
dykes  has  in  other  cases  decayed,  anil  deep  ditch-like  hollows  are  W-i 
to  mark  their  sites.     The  coast-linos  of  many  of  the  Inner  Hobric^ 
and  of  tho  Clyde  Islands  furnish  numerous  admirable  eiamplea 
kinds  of  Bcenerj'. 

The  term  dyke  might  be  applied  to  some  of  the  wall-like  intniM—  <a, 
of  quart K-poq)hyry,  elvanitc,  and  even  of  granite,  but  it  is  m^  orv 
typically  illustrated  among  the   banic  igneous  rocks,  such  as  ba^i^i/4 
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base,  (liorito,  Ac,  whilg  ot-dusioiially  dykt'S  moy  be  olisorved  of  wveii 
'  and  volcaiiio  agglomerate.  Yoins  have  been  injected  Into  irregular 
aching  cracks ;  dykes  have  been  formed  by  the  welling  upvrards  of 
lid  or  plastic  rock  in  vertical  or  ateoply  inclined  fissnres,  though 
ionaly  there  is  no  essential  diflereiico  between  the  two  forms  of 
icture.  Hometimea  the  line  of  escape  hiis  liecn  along  a  fault.  In 
tland,  however,  which  may  bo  regarded  as  a  typical  region  for  this 
d  of  geological  structnre,  the  vast  majority  of  dykcH  rine  along 
ures  which  have  no  throw,  and  are  therefore  not  faults.  On  the 
trary,  the  dykes  may  be  traced  nndeflected  across  some  of  the  largest 
Its  in  the  midland  counties. 

Dykes  differ  from  veins  in  the  greater  parallelism  of  tlieir  sides,  their 
ticality,  and  their  greater  regularity  of  breadth  and  })ersistence  of 
sction.     They  sometimes  occur  as  mere  plat«s  of  rock  not  more  than 
inch  or  two  in  thickness,  at  other  times  they  attain  a  breadth  of  twelve 
loms  or  more.     The  smaller  or  thinner  dykes  can  seldom  be  traced 
re  than  a  few  yards;  but  the  larger  examples  may  be  followed  some- 
es  for  miles.     Thus,  in  the  south  and 
it  of  Scotland,  a  remarkable  series  of 
alt-dykes  can  be  traced  across  all  the 
logical  formations  of  that  region,  la- 
ding the  older  Tertiary  liasalt.     They 
1  parallel  to  each  other  in  a  general 
th-west  and  south-east  direction  for 
ances  of  twenty  and  thirty  miles,  and 
B  been  assigned  to  the  great  volcanic 
rity  ef  Tertiary  time.     A  remarkable 
>  of  the  same  scries  crosses  the  north 
>gland,  from  near  tlie  coast  of  York-    Ji;!;;:;i7f's'^.^.'^,^S;;;i",VS«".l". 
for  fully  sixty  miles  inland. 

tough  the  wall-like  form  is   predominant  among  dykes,  it   may 

-  paB.s  into  veiu-Hke  ramifications  and  into  intnisivo  slieets  (Fig. 

The  molten  material  took  the  cliannels  that  happened  to  be  uiont 

le.     If  the  fissure  bent  off  at  an  angle  from  its  provimis  ooui-so, 

notlicr   adjacent    lissuro  happened  to  be  nioro  convenient,  the 

rock  might  change  its  c(>urse.      Again,  while  the  ascending 

'.Zer  the  hydrostjitic  prcssni'c  of  tlie  moss  below,  lose  in  one 

'"1-0,  portions   of   it  mijj;lit  find  tlieir  way  into  neighbouring 

-« tM,  and  enclose  wall-like  portions  of  ruck  within  Iho  dyke,  as 

^,  whci-e  the  total  breadth  of  thu  main  dyke,  iiLcladiiig  the 

l>etweeii  the  two  aruLs,  is  about  tliirty  Fci't,  the  Handstoiio 

ly  inclined,  and  the  portions  encloaed  between  the  arms  of 

a-viug  liei-n  gi-eatly  indurated. 

»ial  Htrnctiirf,  cousidcrablu  differvucus  maybe  defected  among 

«  rijck  may  appear  ('()  willi  no  definite  stnictun-  of  any  hind 

£ular  joiiiling  ;  {>•)  columnar,  the  prisms  striking  ulY  nt  right 

the  walls,  iind  either  going  completely  across  from  side  tn 
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r.-iv.ilt   vMi,--.  f'.r  'x.ihij.lf,  h;iv..-  ii-.t  iiiiV-;  [U-iitly  an  t.  xtonial  r--!''- 

'.»    MH.r  '.r  ;.'l.i.--  0.ti-li\  lit^-,  lival'-liiolalj,  tVv.  .      It   t.iv;,>i..iiallv  lial']-''" 

•  •  •  •  ' 

ntiiiMiii»-  K'V'ial  /-fi'i?*  Jiav  1m;»'1i  i.].>civi-i1  in  ,Sc"tlaii'l  :  iM'riiajs  ni 
til'  M-  ill' t. Ill'* .'  th"  <lyl:«:  \\:\r*  ojM-in'il  aL'iip^  its  c.iitre,  ami  a  tV»-sii  wy^^^' 
"T  iii'«H-  ;'l'«r'y  l»;i.-;ilt  liiis  li^-.u  in  tlnj  fissure.' 

lirt«MiM  t.n  r  .,  h  t  i  ^11  mi  s  Iiocks. — Tlitso  are  similar  t"  ti^'^' 
«li;iii;'-s  |ir.Hliiri-(|  l.y  iiitnisivc  sli'<.'1s  mMl  ntlu-r  rrnptiv*-  inassts.  l'-' 
•  liir.iii'.h  i.>  till-  iim.-l  Inijiu-iif  kiii«l  of  Jiltrration.  JJi-iii!irkal»k'  •■xaiiil'l"' 
li.«\i'  ln«ii  i.li.siiN  1(1  whrrr,  in  liimstoiM-^  in  Contact  witli  ilykis,:' 
.nrli.iini.l  «  r\ sl !i Ill/.:i t I'on  nf  tlio  cilcito  has  ln'cn  snprnn<hi«x-'l.  J*"*' 
uIh  If  rvin  n«  \v  ('rvHlailiiM'  niliralcs  liav*-  l>o('n  ilrvelojM^l  (]».  .*».")T)." 

S«'fin.'|iation  veins.  TIhs*-  inrln<lu  most  of  what  w^-ro  fi'iui'Tly 
imhI  imt  \riv  li:i]»)iily  t'-iiiMMl  *' <*ontem])oraii(.'ous  vriiis,"  and  arc  ]»i'culi*r 
I'l  I  lyslMlliiii-  r«Tks.  ahonmlinj;'  in  many  «iraiiitofc»,  likrwisr  in  ri-'i"'" 
"nii'.);«M  an<l   h«liisfs.  and  not   infiUMjucntly   to  Ik*   ohs«T\vd  in  shoit*; '-^ 

'  *-. .«  /'/.-..  /.'..»/.  /'/..vs.  N...\  /•'.///».  V..1.  V.  issO,  p.  UN. 
«»i,  t|:,.  III!  ••iiiiiii'.iii  I'lMyKt'^  Ml'  .M:illi  t,  (,'.  ./.  <.'f.i/.  XiM'.  vxxii.    l>7tl)  p.  ITi'. 
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diorite,  dolerite,  and  diabaso.  They  run  as  straight,  curved,  or  branch- 
ing ribands,  UBually  not  cscceding  a  foot  in  thickness.  Sonietimea  they 
arc  finer  in  textnre  than  the  rock  whicli  they  traverse,  though  the  revoreo 
M  frequently  the  case,  more  esi>ceially  in  granite.  Close  examination  of 
them  shows  that,  instead  of  being  sharjily  defined  by  a  definite  jiinctioi) 
line  with  the  enclosing  rock,  tliey  aro  welded  into  that  rock  in  such  a 
way  that  they  cannot  easily  bo  broken  along  the  plane  of  union.  This 
welding  is  found  to  be  due  to  the  mutual  protrusion  of  the  component 
crystals  of  the  vein  and  of  the  surrounding  rock — a  etructare  Eonio- 
timee  admirably  revealed  undor  the  microscope.  Veins  of  this  kind 
evidently  point  to  some  process,  still  unexplained,  whereby  into  rents 
formed  in  the  deeply  buried,  and  at  least  partially  consolidated  or  possibly 
ooUoid  mass,  there  was  a  transfusion  or  cxosmosis  of  some  of  the  crystal- 


:k  patdva  i   p  avA  q  ar 


■law  Qiuny,  Al«nl»n. 

tol  grinile  puatng  Inwiulbly 


'ising  minerals.  Along  the  margin  of  segregation-veins  in  granite  s\ 
*^o]ialj,'d  structure  of  the  i-ock  may  be  occasionally  observed,  as  in  snmo 
'*t  the  large  granile  quarries  near  Aberdeen  (Fig.  284).  Coai-se  peg- 
^natitji  veins  aliounding  in  largo  plates  of  muscovitc,  bhkck  tourmaline, 
and  (piartx,  with  occasional  crystals  of  beryl  and  other  minerals,  merge 
into  the  surrounding  granite,  which  for  a  few  inches  along  the  contact 
has  a  foliated  structuro  precisely  resembling  that  of  a  fine  gneiss. 
Possibly  thin  foliation  may  indicate  motion  of  the  gvaiiito  mass  along 
the  line  of  fissure,  while  tho  rock  itself  or  tho  materials  of  the  fissuro 
wore  still  capable  of  molecular  i-earrangement.'  It  is  in  veins  in  granito 
that  tliP  roiiiarknlilo  strm-turo  known  .-.s  grtipJiir  ijrnniU'  occurs. 


I  S«^pp.  an,.' 
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GEi'TEf'TOXrr  (STRT'CTCIfAL)    UEOLOGY,        [Book  IV. 


S  4.  Necks. 
Under  this  term  are  included  the  fiUod-up  pipes  or  funnels  of  former 
volcanic  vetits.  Every  ttcriee  of  volcanic  sheets  poured  out  at  theanrface 
lutiBt  have  been  connected  either  with  fissures,  or  with  orificeB  probably 
oiMincd  ill  lines  of  fissure.  (!)u  tlie  cessation  of  the  eruptions,  the  orifices 
liave  remained  filled  with  lava  or  with  fragmentary  matter.  But  anleas 
subsequent  denudation  has  removed  the  overlyiug  cone,  r  vent  Ilea 
buried  under  the  materials  which  came  out  of  it.  So  extensire,  however, 
has  been  the  waste  of  tlie  surface  in  many  old  volcanic  regiooa  that 
the  vents  have  been  laid  bare.  In  Fig.  285,  two  volcanic  funueU  are 
represented,  one  of  them  still  buried  under  overlying  formations,  the 
other  partially  exposed  by  denudation.  Such  accumulations  of  volcanic 
material  in  and  around  the  pipes  of  eruption  are  known  as  Necke. 
The  study  of  them  brings  before  us  some  of  the  more  deep-sealed 
phenomena  of  volcanic  action,  that  cannot  usually  be  seen  at  a  modum 
volcano. 


A  nock  is  circnlar  or  elliptical  in  ground-plan,  but  occaBional'.'' 
more  irregular  and  Lrauuhing,  and  may  vary  in  diamctor  from  a  f**' 
yards  uji  to  a  mile,  or  even  more  (l''ig-  lifj).  It  descends  into  lln' 
earth  jicirpendicularly  to  tlio  stratification  of  the  fiinuation  with  wlii^'' 
it  In  chronologically  connected.  Should  I'ocks  originally  horizunfcil '" 
BubBt'<iuently  tilted,  a  neck  associated  with  them  would  of  couiw;  1« 
thrown  out  of  the  vertifiil  (Kig.  28j^.  As  a  rule,  however,  the  vertial 
descent  of  necks  ink)  the  earth's  cruBt  has  been  comjiaratively  li"'"^ 
interferwl  with.  In  external  form,  necks  commonly  rise  as  conrt  M 
d.nue-Bhitited  hills  (Fig.  287j.  This  contour,  however,  is  not  thai  of 
the  original  vulcanous.  but  is  due  to  denudation.  (.Iccasionally  the  roct! 
of  a  iifck  hiLve  been  so  worn  away  that  a  great  hollow,  suggestivi- "' 
tilt'  urigimil  crater,  oecupies  their  site.     (Fiutry  Uilla,  ritirlingshia-.i 

It  might  bu  Mijjposud  that  nefkasbouhl  always  rise  on  linen  of  fissuri' 
B;il  i:i  central  Scotland,  where  they  ulxmnd  in  rocks  of  Cnrboiiiferi"i' 
iigt;,  it  is  ijuile  exci'iitiimul  to  find  one  plat'ed  on  a  fault.  As  a  ndo,  tin')' 
-^eom   I,,  Ini  indopciid-.-ut  of  tho  structure  of  the  crust  tlmmgh  v\\\A 
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The  materials  filliog  up  ancient  voloanio  orificea  may  Iw  (n)  some 
foiin  of  lava,  as  felstono,  quartz-porphyry,  diabaso,  porphyrite,  basalt; 
or  (6)  the  fn^mentary  materials  whicli  fell  back  into  the  throat  of  the 
Tdcano  Bud  finally  solidified  there.     In 
nuDy  instances,  both  kinds  of  rock  oc- 
cnr  in  the  same  neck,  the  main  mass  con- 
sisting of  agglomerate  or  tuff  with  a 
central  pipe  or  numerous  veins  of  lava. 
Among  the  Falo^zoio  volcanio  districts 
of  Britain    necks  not  infrequently  aio 
filled  with  some  sihce  ua   crystalline 


*ock,  such  as  a  quartz-porphyry  or  fel- 
site,  oven  where  the  surrounding  laraN 
are  basic  The  great  vent  of  the  Braid 
niUa  near  Edinburgh,  boluugiiig  to  the 
time  of  the  Iiower  Old  Bed  Situdstone, 
is  filled  with  felsite-tufF  containing  70 
per  cent,  of  silica,  while  the  lavas  which 
flowed  from  it  are  basic  porphyrites  and 
diabases  ^vith  not  inoro  than    50    per 

cent,  of  this  acid.  Again,  at  Largo  in  Fife,  strings  of  (jnarfcs-folBite 
occur  in  one  of  the  necks,  though  all  the  Hurronnding  lavaa  are  basalts.' 
0  tuff  abound  iimonjj  tiio  Cnrlmnifproiui  anil  I'prminn 
nru  laid  bnre  in  i«  iirnii)'  mlniirabln  xectiona,  tlint 
14  typical  lor  tlila  kinrl  of  gcologicftl  ttracturo. 

9   1 


'  Noi-ltB  of  aj-glmiL-rato  ami 
Tolcanio  rogioiiB  of  l^cotlitiKl,  ti 
tlH-se  TC'^ionfl  ntny  bo  Tcgiirilcnl  n.' 
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In  Bomo  necks  composed  of  eruptive  rock,  the  mateiMl  appnn 
arranged  in  succoBBive  spherical  Bhells,  which  may  be  mppoaed  Xa  \k 
due  to  the  protmsion  of  sacceadve  portions  of  the  pasty  or  Tiscxmf  mm 
Olio  within  the  other,  the  outer  layers  thinning  away  otct  the  cnrm 
of  tlio  dome,  as  tikey  were  attenuated  by  the  arrival  of  fresh  mataiil 
below.^  Or  wo  may  suppose  that  the  top  of  the  plug  sometimeB  aolidiSed. 
and  that  subsequent  emiHNionti  of  lava  rose  through  leats  in  the  emit 
and  flowed  down  the  outside  of  the  vent. 

The  fragmentary  inatt-'rials  in  necks  consist  mainly  of  different  lava- 
furni  rockM  imbedded  !n  a  gravelly  jjepen'no-liko  matrix  of  more  findy 
comininntcd  debris  of  the  same  rocks ;  but  they  also  contain,  eometinMs 
in  abundance,  fraginentn  of  the  strata  through  which  the  neckn  have 
been  drilled.     When  occasionally,  as  in  some  of  the  Haaro  of  the  Eifel, 
these   non-volcanic   fragments   constitute  most  of  the  debris  (_p.  2271, 
wo  iiiay  infer  that  after  the  first  gaseous  explosions,  the  activih-  of 
the  vent  censed,  without  the  rise  of  the  lava-colamn  or  its  ejectioD 
in  dust  and  fragments  to  the  sarfitoe. 
Ho  iinchanged  are  many  of  the  piix« 
of  sandstone,  shale,  limestone,  or  other 
Htratihed  rock  in  the  necks,  that  thef 
have  evidently  never  been  exposed  to 
any  high  temperatnre.    In  some  gum 
however,  considerable  alteration  is  &»■ 
played.     Dr.  Heddle,  from  observatiims 
ysT^^Sil^^^t^^^  ill    Fife,    concluded   that    the    alU-reO 

^I^^;;-— ^  Uockn  in  the  tuff  there  must  have  hfii 

exposed  t<>  a  temj>erature  of  betwti'ii 
"■^  t       -h         L  (iOO' and  000^  Pahr.^ 

T     (T  th     now  m   k  K  h  Among  the  numerous  ventw  of  wn- 

u"*     .-"pf^iuij     9a  d.k"  tral  Scotland,  pieces  of  fiiie  stratilinl 

tuff  not  infreixucntly  appear  in  tlw 
agglomcratew.  This  fact,  conpled  with  the  not  uncommon  occurrence  I't 
a  tumultTiouM,  fractured,  and  highly-intlincd  lidding  of  the  tufl'mll" 
a  dip  towardK  the  centre  of  the  nock  (Figs.  287,  2S8),  appears  to  shoiF 
thiit  thd  pipes  wore  partly  filh^d  up  by  the  subsidence  of  the  tuff  con- 
Kolidated  iu  beds  within  the  crater  and  iit  the  upper  i>art  of  the  fmin^l- 
Furtlior  iudicaliou  of  the  probable  subaerial  character  of  the  tnffis 
famished  liy  abnndant  pieces  of  enclosed  coniferous  wood,  which  m»y 
have  lielungi'd  to  ti-ot-M  or  brushwood  that  grow  upon  the  Ary  slupes 
of  tb>'  ciiK-s ;  for  theso  fragments  are  seldom  to  be  seen  in  the  c'stuwine 
and  niaiino  Hiarta,  uut  of  which  the  iiccks  rise. 

It  is  ooirimoii  to  find  iimong  necks  of  tuff,  numerous  dj-kes  and  Ti'ius 
"t"  liivii  wliich,  ascending  thmugh  tlw  tuff,  are  usually  coulined  t*>  ir- 
tliuugli  ocousioiiiilly  they  jicnotrate  the  sun-oumling  strata.     They  in 
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I  beautifully  colnmnar,  tho  columnB  diverging  from  the  ddcB 

I  and  being  frequently  curved. 

roo&   of  in])Bidence    round  the  sides  of 

I  may  often  be  observed.    Stratified  rocks,  ',, 

gh  wbich    a  volcanic    funnel  liaa   been  '/ 

id,  commonly  dip  into  it  all  round,  and  V  /■ 

even  bo  seen   on  edge,  as  if  tbey   had  ff  f 

dragged  down  by  the  subsidence  of  the  ttt^ 

rials  in   the   vont.      Beautiful    examples  ^      /  .  ■ 

along  the  shores  of  the  Firth  of  tbo  Forth.'  / 

.  289,  290.)    The  fact  of  suhsidenco  be-  '  / 

modern  volcanic  cones  has  been  already  ' 

■ed  to  (pp.  21C,  227).  \ '/ 

ffeots   on  Contiguous  Rocks.— Tho  \i 

■  round  a  neck  are  usually  somewhat 
ned.    SandetoncB  have  acquired  avitreons 

;  argillaceous  bods  have  been  iudumtoil 
jorcellanite ;  coal-seams  have  been  fused, 
red,  burnt  and  rendered  unworkable.  Tho 
rorldnga  in  Fife  and  Ayrshire  have  re- 
l  many  interesting  exampIeR  of  these 
■ea,  which  may  be  partly  due  to  the  heat 

0  ascending-  column  of  molten  rock  or 
d  fragments,  jtartly  to  the  rise  of  heated 
ra,  even   for  a   long  time  subaetiuently 

1  volcanic  explosions.  Proofs  of  a  meta- 
lisni,  probably  due  to  the  latter  cause,  may 
imes  bo  seen  within  the  area  of  a  nock. 
i  the  altonyl  materials  are  of  a  fragmen- 
haracter,  the  natnre  ami  amount  of  this 
e  can  be  Wnt  estimated.  What  was  ori- 
y  a  general  matrix  of  volcanic  dust  has 
lonverted  into  a  crystalline  and  even  por- 
:ic  mass,  through  which  tho  dispersed 
■;  thongh  likewise  intensely  altered,  are 
'ecognisable.  Such  blocks  as,  from  the 
I  of  their  substance,  must  have  offered 
■esistanco  to  change— pieces  of  sandstone 
irtz,  for  example — stand  out  prominently 
1  altered  mans,  though  even  they  liavo 
gone  more  or  less  modification,  tho  sand- 
wing  oonverted  into  vitreous  quartz-rock.' 


■am.  Binj.  Soe.  EJia.  xxli.  p.  4C9.  For  nn  eicellont  exflmple  from  New  Zonlanil, 
.phy,  Q.  J.  Oeol.  Soe.  18«0,  p,  24.'). 

ir  ft  detailed  account  of  the  Btructuie  of  some  Tolcatiic  nccka.  the  student  mny 
n  monograpb  by  tho  author  on  the  CBrboniferoua  volcanic  rocka  of  llio  Basin  of 
th.    Tram.  Eoi/.  Soe.  FAiii.  xxif.  p.  137. 
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Section  ii.  Interbedded,  Voloanio,  or  Contempoimneoiu 
phase  of  Emptivity. 
MiasoH  of   gneona  luatorinls,  ejected  to  the  saifaco  in  somo  of  the 
imn  I  ow  viflibic  in  modern  vulctnoes,  possess  greal  valae  ta  fixing  the 
geological  epoch  of  volcnnic  emptions.    It  ii 
evident  tbat,  on  tlie  wholo,  Bnch  supeificul 
moBaes  mnat  agn-o  in  litliotagioil  chanttoi 
with  rocks  already  described,  which  fauve  bent 
cxtrnvaaated  b}-  volcanio  efforta  withoat  qiiil« 
roocfaiiig  the  aiirfuce.    Vet  they  hare  some  well- 
marked  general  characters,  of  which  the  moot 
important  may  be  thus  (ttated.    (1)  They  orenr 
an  beds  or  alicc'te,  F^ometimea  lara-form,  sf^nie 
times  of  fragmontal  'materials,  which  c^infonu 
to  the  bedding  of  the  wtrati  among  which  ther 
are  intercalated.    (2)  They  do  not  brrak  int-i 
or  alter  overlying  strat-).      (3)  The  n|>pcr  anJ 
ii!ider  anrfacea  of  the  lava-bwla  present  cnin- 
monly  a    scoriaceons  or  veaicnlar   characfcr, 
which  may  even  bo  foniid  extending  throne- 
out  the  wliolo  of  a  ahect.     (4)  FragracnH  of 
thcMO  upper  enrfacoa  not  unnsnally  occur  in  the 
iiiimodiatoly  overlying  strata.    (6)  Bwls  of  tuff 
aro  froqneutly  intcrMtralified  with  sheets  of 
lava. 

§  1.  Crystalline,  or  LavnR. 

While  fho  underground  ciiurfio  of  a  f^ 

traded  mass  of  molten  igneous  rock  lias  »iJel.v 

variwl  aocnnling  to  the  shape  of  tlic  chan«l 

thmui^h  which  it)irocL«<le<l  ami  in  which, as  inu 

1^      mould,  it  Ko)idifii«i,  the  behaviour  of  thunict. 

^  I      oncf  poured  out  at  tlic  surface,  haa  hueu  iMcl' 

^H      more  uniform.    As  in  miKlem  hiva,  tlic  tTn]il<'l 

^i      iniiwH  Jias   r..Iloil   along,  varying  in  tliiokiH« 

js      iiud  other  iiiiuur  diaraclcrs,  hut  rctainiii|;thi' 

||      broad  gencnil  aspect  ..f  a  lenticular  he.1  "T 

I*      Klic-(:t.     A  coniiJariifcHi  of  such  a  lird  with  ow 

■;  =      of  (he  intniaivo  shecta  already  doacrilied  ilio« 

'^.1     tliatiiisov.-i-iiliiuiiorfantlithylogiciileh*raet«*. 

|r|   fheydillcvfi-om  each  other.   An  intnisivenhwl 

<T^j    is  clottest  in  grain  near  its  upjx-r  ami  uniw 

l'  l|  1=7   winfat'es,    A  cuiitomixiramtmsliud  or  tmoiaTii- 

^-         li'iw,  iHi  the  cnnlrarj-,  is  there  uBu;Jly  niwl 

o|"ii    and    Hcoriac-iiua,      In  tlie  one  I'asc.  w 

■o  v,.M,  1,-M  „r  amygdules,  in  thi-  otluT  they  off.-n  alK.tind.     ll-w- 

igh  tUi;  upiK^r  surface  of  an  inlerU-ddcd  sheet  may  1*.  it  mm 


in 
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sends  out  veiua  iuto,  nor  oncltwcH  iwrlions  of,  tho  superincumbent  rwkx, 
which,  however,  Bometimei)  contain  portions  of  it,  and  wrap  round  itH 
hammooky  UTOgularitieti.  Occauionally  it  may  bo  observed  to  be  full  uf 
rents,  whioli  have  been  iilled  up  with  saudstonu  or  othor  scdimuntary 
Duttvrial.  These  rents  were  formed  wliilo  the  litvu  was  eouUiig,  and  sand 
Tvas  subsequently  washed  into  tlicm.  Exiimplus  of  this  structure  abound 
among  the  porphyritus  of  tbe  volcanic  tructH  uf  the  i^cottish  Lower  Old 
Ked  Sandstone.  I'ho  amygdalcidal  cavities  throughout  an  intvrbedded 
sheet,  hut  more  especially  at  tho  top,  often  prt-Hent  aii  elongated  fonn, 
and  are  even  pulled  out  into  tube-like  hollows  in  one  general  direc- 
tion, which  was  obviously  tlio  lino  of  niovemeut  of  tho  yet  viscuns  mass 
(pp.  95,  212).  Some  kinds  of  rock,  when  ocourring  in  intcrbcildcd 
sheets,  are  apt  to  assume  a  system  of  columnar  jointing.  Basalt,  in 
partionlar,  is  distinguished  by  tho   frequency  and  jierfectioii  of   its 


iv<'nii  wllb  sIkmI  urcusglimn 

In  hnvr  l>Kii  aUfll  In  wltb  suid  bt 


iwur|ur]ibjri(r.  wblcb  I' 


Coluiaus.  Tho  (liants'  Causeway  and  tlie  clilfs  of  Staffa,  of  Ardtuu  in 
lUiill,  of  Loch  Staffin  in  Skye,  tlio  Orgnes  d'Expailly  in  Anvorgue,  and 
the  Kirnchborg  of  Fulda  uro  well-known  ojtami)lcs. 

Iiitcrbeddtil  lavas  of  furinor  geological  pcrioils,  like  tliosu  of  recent 
flatc  (ante,  p.  2,'n),  occur  under  two  tolerably  well-doBned  conditions. 

1.  Single  lenticular  MhcotM  or  groups  of  sheets,  usually  of  limited 
exb-'ut  and  with  ansociatod  hands  of  tuff,  form  tho  more  frequent  typo 
Hmong  PalaiiKoic  and  SecuMdary  formations.  A  Mnglo  ititerhedded 
sheet  may  occanioniilly  Ihj  found  inU-rcalated  lH;tween  ordinary  sedi- 
wnntary  strata,  without  any  other  volcanic  aeeonipiuument.  But  this  is 
nnuHual.  In  the  gnat  iiutjority  of  caws,  several  sheets  will  Iw  fonnd 
together,  with  tieenmiJanyiiig  bands  of  oonteinporaiieous  tuff. 

Ill  Bur'li  iibiinilnTitly  viiJciiiiic  iliatricU  a«  ctMitral  ScoUoiid,  tlio  iit"-!;!*  "r  yonl«  nf 
eruption  (p.  514)  may  frciUDnlly  bo  del«clo(l  around  the  1mm  wliicli  iwuctoded  rp>ni 
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them.  The  thickness  of  an  intcrbodded  sheet  varies  for  different  kinds  of  laTa.  As 
rule,  the  more  ncul  rocks  are  in  thicker  beds  than  the  more  basic.  Some  of  the  thinnest-, 
and  most  persistent  sheets  may  be  observed  among  the  basalts,  \rhere  a  thickness  o 
not  more  than  12  or  15  feet  fur  each  sheet  is  not  uncommon.  Both  individual  sheet, 
and  groups  of  sheets  possess  a  markedly  lenticular  character.  They  may  bo  seen  th,^:^  to 
tliieken  in  a  particular  direction,  probably  that  from  which  they  flowed.  Thus  i  ^-  j^ 
Linlithgowshire  a  mass  of  lavas  and  tuffd,  reaching  a  collective  thiekness  of  probab]C~^c>^ 
2000  feet  in  the  Carboniferous  Limestone  series,  rapidly  dies  out,  until  within  % 

distance  of  only  ten  miles  it  dwindles  down  to  a  single  bund  less  than  fifty  feet 


Fig.  292.— Four  successive  flows  of  ijorpliyrlte,  liuwer  Carboniferous,  East  Linton. 


Ou  the  other  liand,  beds  of  tolerably  uniform  thickness  nnd  tiatuess  of  surface  may 
found ;  among  the  basalts,  more  i)articularly,  the  same  sheet  may  be  traceable  for  miK 
with  remarkable  regularity  of  thickness  and  parallelism  between  its  upper  and  un(» 
surfaces  (p.  211).    The  porphyrites  (Fig.  292)  and  trachytic  and  felsitio  lavas  are  m( 
irregular  in  thickness  and  form  of  surface  (p.  207).    In  the  Tyrol  extensive  sheets 
quartz-porphyry  of  triassio  or  older  date  with  associated  tuffs  occur.* 

Interljcddcd  (and  also  intrusive)  sheets  have  shared    in  all 
subsequent   curvature   and  faulting   of  the  formations  among  wh 
they  lie.     This  relation  is  well  seen  in  the  '*  toadstone  "  or  diabase 
associated  with  the  Carboniferous  Limestone  of  Derbyshire  (Fig.  293) 

2.  The  second  type  is  displayed  in  widespread  plateaux  comix>t* 
of  many  successive  sheets,  frequently  with  little  or  no  intercalations 
tuff.    It  occurs  even  among  Palffiozoio  formations,  but  attains  iti  great 
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more 
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ONE    MILE 
Fig.  'J93.— Section  of  intercaluteU  diabase  (toadBiunc)  In  Carboniferous  Limetftuuc,  IlcrbyiJiire  (tf.). 
a  a,  Tuadstono,  in  two  be<lf) ;  h  b,  Uniestones ;  c.  Millstone  grit ;  //,  Fautte. 


development  among  the  volcanic  eruptions  of  Teitiar^-  time.  List^^*  ^*^ 
of  mere  local  lenticular  patches,  these  sheets  lie  piled  over  each  otBI-:^'^*^ 
sometimes  to  a  depth  of  several  thousand  feet,  and  frequently  co^^n^"^^^ 
areas  of  many  thousand  square  miles. 

Among  the  Palieozoio  rocks  of  Scotland  remnants  of  Buch  ancient  volcanic  plate&^^^  ^^"^ 
(x;cur  in  the  Old  Kcd  Sandstone  (hilld  of  Lome)  and  Garl>oniferous  systems  (Gam^^^^^^^i^ 
Fells  and  hillH- above  Largs),  where  they  consist  chiefly  of  oonsocuttve  sheets  <^' '^^  ^ 
different  porpliyrites  and  diabases  rising  into  long  terraced  tablelands.  The  regal0i^'^''^O^ 
of  thickness  and  parallelism  of  these  sheets  form  conspicuous  features  in  the  •'^AnAi^  -^srr  of 
the  districts  in  which  they  occur. 


'  K.  Mojsisovic*,  *  Die  Dolomit-riffo  von  Sudtirol,*  1870. 
^  See  Section  18,  *  Uor.  Soot  Gool.  Surv.  Great  Britoiu.' 
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18  chiefly  baaaltio  rooks,  however,  that  in  all  parts  of  the  world  have  flowed  out 
>at  the  production  of  promineut  cones  and  craters,  and  now  build  up  vast  volcanic 
inx.  The  fragmentary  Miocene  plateaux  of  the  British  Islands,  tlic  Faroe  Islands, 
Iceland;  those  of  the  Indian  Deccan  and  of  Abyssinia,  and  Ihe  more  recent  basalt 
I  which  have  closed  the  eventful  history  of  volcanic  action  in  North  America,  arc 
do  illustrations  of  this  type  of  structure.  Beds  of  tuff,  conglomerate,  gravel,  clay, 
,  or  other  stratified  intercalations  occasionally  separ^vte  the  sheets  of  basalt.  Layers 
sostrine  clays,  sometimes  full  of  leaves,  and  even  with  sufficiently  thick  masses  of 
ation  to  form  bands  of  lignite  or  coal,  may  also  here  and  there  bo  detected.  But 
le  intercalations  are  rare  or  absent.  There  can  be  no  doubt  that  these  widely  extended 
B  of  basalt  were  in  the  main  subaorial  outpourings,  and  that  in  the  hollows  of  their 
med  surfaces  lay  lakes  and  smaller  pools  of  water  in  whioli  the  interstratified  sedl- 
ary  materials  were  laid  down.  The  singular  persistence  of  the  basalt-beds  has  often 
noticed.     The  same  sheet  may  bo  followed  for  several  miles  along  the  magnificent 

of  Hkye  and  Mull.  Mr.  Clarence  King  believes  that  single  slieets  of  basalt  in 
nake  River  lava-field  of  Idaho  may  have  flowed  for  50  or  60  miles.*  The  basalts, 
ver,  so  exactly  resemble  each  other  that  the  eye  may  be  deceived  unless  it  can 
r  a  band  without  any  interruption  of  continuity. 

§  2.  Fragmental,  or   Tuffs. 

S^ile  the  observer  may  be  in  doubt  whether  a  particular  bed  of  lava 

been  poured  out  at  the  surface  as  a  true  flow,  or  has  consolidated 

ome  depth,  and,  therefore,  whether  or  not  it  is  to  ho  regarded  as 

cnco  of  an  actual  volcanic  outbreak  at  the  locality,  he  is  not  liable 

le  same  uncertainty  among  the  fragmental  eniptive  rocks.     Putting 

the  occasional  brecciated  structure  seen  along  the  edges  of  plutonio 

sive  masses,  he  may  regard  all  the  truly  fragmental  igneous  rocks 

ofs  of  volcanic  action  having  been  manifested  at  the  surface.     The 

nerate  found  in  a  volcanic  neck  could  not  have  been  formed  unless 

pours  in  the  vent  liad  been  able  to  find  their  way  to  the  surface, 

HO  doing  to  blow  into  fragments  tlio  rocks  on  the  site  of  the  vent 

as  the  ui)per  part  of  the  ascending  lava-col unm.'-*     Wherever, 

le,  a  l>ed  or  a  scries  of  Ix^ds  of  tuff  occurs  intei-stratified  in  a 

'■al  formation,  it  pinnts  Uj  coutemi)oraneous  volcanic  eruptions. 

10  value  of  these  rocks  in  interpreting  the  volcanic  annals  of  a 

Tagmcutar}'  ejections  from  a  volcano  or  a  cooling  lava-stream 

n   the   coarsest   agglomerate   to   the    linest  tutt*,   the   coarser 

being  commonly  found  nearest  to  tlie  source   of  discharge. 

r  in  composition,  according  to  the  nature  of  the  lavas  with 

^    are  asso<nated  and  from  which  they   liave  been  derived. 

71011  of  trachyte-lavas  8ni)plie8  trachyte-tuffs  and  trachyte- 

10    of    }>asfilt«    gives    basalt-breccias,    basalt -agglomerates, 

one  of  obsidians  yields  i)umiceous  tuffs  and  breccias.     The 

I  Exploration  of  40tli  Parallel,*  i.  p.  593.    See  also  0.  E.  Dutton,  Nature, 

ivable  that  where  a  mass  of  lava  was  injected  into  a  subterranean 
^ry  discharges  might  take  place  and  partly  fill  tliat  cavity;  but  such 
are  probably  rare. 


552  OEOTECTONIG  (STSUCTURAL)   OEOLOOY.        [Bow  IV. 

fragindntaiy  inattor  ejected  from  vulciiuio  vente  baa  lallen  partly  back 
iiitu  tlie  finiiielH  of  diHctuiTgo,  partly  over  the  aorrounding  vna.  It  s 
ftjit,  thurtforc,  to  lie  more  ur  less  mingled  wth  ordinsiy  sedimentary 
dctritiitt.  Wc  liiiil  it,  indeed,  poesiiig  iuHensibly  isto  sandstone,  shale, 
lii  KfltuiH.  md  other  strtita  Aliomations  of  gi'avelly  pepemio-hko  tnff 
with  1  very  fiiio  graineil  ash  may  frcqueutlj  bo  observed  Large 
1  locks  <  i  1  tva  f  rm  rock  as  well  as  of  the  strata  through  which  the 
vikanic  cx)!  sionti  have  taken  place  occur  lu  tho  tuffs  of  meet  old 
V  Icai  ■(.  diHtnets  Occasionally  Buoh  ejected  blocks  or  Ixnnbs  tie 
tuun  1  an  on;;  fine  shales  and  other  strata  the  lamination  of  which  u 
bent  down  rouud  thum  in  such  a  way  as  to  show  that  tho  stones  fell 
with  couBiderablo  forco  into  tho  still  soft  aud  yielding  silt  or  clay 
(Fig  294)  > 

Volcauic  tuffs  and  conglomerates  occur  in  interstratiiiGd  bedi 
without  any  accompanying  lava  much  more  commonly  than  4o 
iiiierstr  ttiUc  1  Bbcots  of  lava  without  bods  of  tuff  just  as  in  rtcenl 
\  Icanie  listncfs  it  w  more  usual  t*  find  couos  of  ashes  or  cmden 
without  lava    than   lava-shoets  without  an  aoconipanimint  of  ftuhi* 


MkHfacs  of  fiui,  ir  ^ri^cllj  tuff  bcwi  I  hii  liels  tf  fwt  m  thickuci*' 
with  nt  tho  mtti-vcotion  of  aiy  1i\i1h.1  lukj  1>e  obbor\L-d  ni  th* 
\  Iciiue  distiictn  of  the  Oil  Re>d  b  iilhtoi  i  inl  CarhoiufeR us  Bjrfirii" 
11  Scotlinl  t\ileico  uf  long  coutiu  lel  ^okiiiio  action  during  wUitl* 
Ir  ..luent  rj  imteii  In  were  showerel  ut  uil  siml  ovti  the  w  itif 
1  iMi  s  mm^kil  uilh  little  ur  no  orIniir\  hcdiniLiit  On  tht!  thel' 
1  ml  in  11  Hi  b,iii  ircas  thm  »  iiuh  )  tu&  i  uteri  nun  i  itcil  witU 
h.iiilst  11  hi  il(  01  lini  *!  no  iff  rl  inlieituuh  f  feeble  iutLnuittCD<- 
V  1  ti  \|  1  1  1  wlerlj  lip,ht  sh  w  re  f  due.t  vuro  1isihar^''U 
1     1    s  Itl    1    1  \M     I  u  tl)    iiiilatll      NU  I    nul   or  IiniLst(  m  .Kcu 

I  I  1^      I    II       t  11        Li  lei   ilth    latt  r  iiiiuiimtaucte    tuffs    fka 

'  1  -sill  1  tl  e\    tud         ll  0   nniitHh     f    such    |laiit(.  wl 

I«     s  lilij  t  l«    l\i    „     n  the   Ilk     l-tt  II  tr  KiUwr  <^er  whith 

'I       I  t  \    h  1  IK    lust  fell  anl  tli  iM  th  \  1  rm    i  ei  luiettiu^  hut 

'    t  I       UB  111  1  1^1      Uf,  rockt, 

^     II  si    t      a    r  tlie  ij,  t  n  I  r  the  ttn  1  ,rj)  I  icnl  c\  In  o  I  r  t  nuei  conditium  t 

'  Suu  ijeid.  ilifj.  i.  (.IHii).  f.  22. 
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io  activity,  tvo  seotions  from  Linlithgnwahire  may  hero  be  given.    In  the  first  of 

(Fig.  295),  a  block  shale  (1)  of  tlio  usual  carbonaceous  t^pe,  with  remains  of 

ria]  plants,  liee  at  the  bottom.     It  vs  QttyvKi  bj  a  bed  of  nodular  bluiah-grey 

I,  containing  bloch  ihale  fTogments,  whence  we  may  infer  that  the  underlying 

B  iimilar  shale  was  blown  out  from  the  site  of  the  vont  thnt  furnished  tliis  dost 

aTBl.    A  second  block  abole  (3)  is  succeeded 

■Mnd  thin  band  of  Sne  palo  yellowiab  tulT  (4). 

ibale(9)again  snpervenes,  containing  rounded 

ata  of   tuff^  perhaps  lapilli  intermittently 

\  fiDiu  the  neighbouring  vuut,  nnd   passing 

o  a  layer  of  tuff  (GX  which  marks  bow  the 

io  activity  gradually  inorcoaod  again.    It  is 

t  that,  but  for  the  proximity  of  an  ooUve 

io  Tent,  there  would  bare  been  a  continuous 

i  of  blook  shale,  the  conditions  of  scdimenta- 

ftTing  renteinod  anobanged.     In  the  next 

u  of  ahttle  (7),  thin  tixunB  and  nodules  of 

snshme  accumulated  round  decomposing  or- 

remuius  on  the  muddy  bottom.    A  brief  vol- 

izploeion  is  marked  by  the  thin  tuff-bod  (8), 

Meli  the  old  conditions  of  deposit  continuod, 

ttoDi  of  tho  water,  us  the  shale  (9)  shows, 

irowded  with  o«traood  cruataceaos,  while  fislice,  whose  coprolites  have  been  left  in 

id,  haunted  the  locality.    At  lost,  however,  a  mucli  more  powerful  and  prolonged 

icexplosiun  took  place.    A  coarse  agglomoTstc  or  tuff  (iOX  with  blocks  sonetimca 

a  foot  in  diameter,  was  then  thrown  out  and  oTcrspiead  the  lagoon. 

The  second  example  (Fig.  290)  brings  before  tbo 
m  nd  a  volcanic  episode  of  anollicr  kind,  in  the 
I  istory  of  the  same  region.  At  ILo  botlora  of  the 
section,  a  pale,  amygdaloidal,  eomowiiat  altered  fomi 
of  basalt  (A)  marks  the  upper  aurface  of  oiio  of  tho 
Bubm.  rino  lavas  of  tho  Carboniferous  Limestone 
jicrlod  Directly  over  it  comes  a  bed  of  limestone 
(U)  1j  fuot  thick,  the  lower  biyors  of  wliich  aromade 
p  of  a  dense  growth  of  the  thin-stemmed  coral, 
Lilhaitrotion  irregalare,  which  overspread  the  har- 
1  nod  lava.  Tlie  next  stratum  is  a  band  of  dark 
shale  (C),  about  2  feet  thick,  followed  by  about  the 
i,ame  thickitcss  of  on  impuro  limestone  with  sbule 
Buiuis  Tho  couditionn  for  coral  growth  wore  evi- 
d  ully  not  lavourablo;  for  the  dciwsit  oF  this  nr- 
I,  llaccous  liinobtono  was  arrested  by  Uie  piecipita- 
t  on  of  a  dark  mud,  now  to  be  teen  in  the  furm  of 
J  ur  4  inches  of  a  black  pyritous  shale  <B).  and 
n  it  by  tho  inroad  of  a  largo  quantity  of  a  duik 
sandy  mud,  and  drift  vegetation,  wliicli  has  been 
I  r  served  as  u  suudy  uliidc  (V),  containing  Catara- 

~l!S  lb  "v.rtil''   "'^  '  ^         ***  ^ro((ticii,  ganoid  hcales,  and  otlier  truces  of  tlio 
■^  "  terrestrial  nnil  murine  life  of  ttio  tiJo.>.    Finally  a 

rf  Inva,  represcnteil  by  thp  uppermost  amygdaloid  (G),  overflproad   tho  area. 

lied  up  tiieae  records  of  Pnlicczoic  history.' 


Tfaii*.  Itoy. 


554  GEOTECTONIC  {STRUCTURAL)   GEOLOGY,        [ffc.*  IV. 


1'akt  A' I J  I.   The  (Jbystallixe  Schists  as  part  of  toe  ARcmxEvTria. 

OF    JHK   EaKTH's   Cut'ST. — MeTAMORPUISM,   LoCAL  A>T)  BD3J05AL. 

§  i.  General  Characters. 

PoHtieSHing  cliaractcrH  which  link  them  on  the  one  hand,  with  etnti- 
ii(;(l,  ou  tlio  otlicr,  with  cruptivo  rocks,  tho  cryBtalline  schuts  present « 
peculiar  ty^Hj  of  Htructure  with  which  arc  connected  some  of  the  myst 
]M3ri)lexiiig  problems  of  fj;eology.     These  rocks  cover  extcmiiTe  areas  uf 
tlifj  surface  of  tho  contineiita,  occuning  usually  wherever  the  oldest  forma- 
tions have  l)een  Ijrouglit  to  the  light.     But  they  everywhere  pass  under 
younger  formations,  ho  that  their  visi}>le  suj)erficies  is  probably  but  a  very 
small  part  of  their  total  extent.     In  the  northern  regions  of  Eiiroi*  and 
of  North  America,  they  spread  over  thousands  of  square  miles,  fonuing 
th<^  tableland  of  Scandinavia,  tho  Highlands  of  Scotland,  and  a  great  part 
of  Etisteni  Canada  and  Labrador.     They  likewise  commonly  rise  to  tie 
surface  along  tho  axes   of  great  mountain-chains  in   all   quarters  of 
the  glolK'.     So  persistent  are  they,  that  tho  belief  has  arisen  that  they 
everywhere  underlie  the  stratified  formations  as  a  general  foondation  or 
platform.    Some  details  of  their  structure  will  be  given  in  the  description 
of  Archaean  rocks  in  IJook  VI. 

The  most  distinctive  character  of  tho  schists  is  undoubtedlv  their 
foliation  (p.  123).  They  have  usually  a  more  or  less  conspicuous  cnt*- 
talline  sinicture,  though  occasionally  this  is  associated  with  traces,  ami 
even  v<u*y  prominent  manifestations,  of  (elastic  ingrcclients(pp.  12G,  K^3.j 
Their  foliated  or  schistose  structure  varies  from  the  massive  tyi>t3  of  tlio 
euarsebt  gneiss  down  to  the  extremely  delicate  arrangement  of  the  fiui>t 
talcose  or  micaceous  schist.  They  occur  sometimes  in  monotonous  uui- 
formity  ;  on<»  rock,  such  as  gneiss  or  mica-schist,  covering  vast  ai*eas.  h' 
other  jdacCH,  they  consist  of  rapid  alternations  of  various  foliated  matsscu— 
gnoiss,  mica-Hcliist,  clay-slato,  actinolite-scliLst,  and  many  other  species au'l 
vsirietics.  Lenticular  seams  of  crj'stalline  limestone  or  marble  auddul<> 
mite,  usually  with  some  of  the  minerals  mentioned  on  p.  120,  sometiim^ 
strongly  graphitic,  not  unfreciuently  occur  among  them,  especially  wbcp' 
they  contain  bands  of  serpentine  or  other  magnesian  silicates.  Tlii^k 
irregular  /Aaies  of  magnetite,  haematite,  and  aggregates  of  hornhWi^' 
pyroxcnic,  or  chrysolitic  n)inerals  likewise  make  their  appearance. 

Another  characteristic  of  the  schists  is  their  usual  intense  crumpliD-? 
and  plication.  The  thin  folia  of  their  dift'erent  component  minerals  an- 
intricately  and  minutely  puckered  (Fig.  19).  Thicker  bands  may  l"^" 
traced  in  violent  plication  along  the  face  of  exposed  crags.  So  inten^jo 
indeed  have  l)cen  tho  internal  movements  of  these  masses,  that  tbo 
geologist  c.\])eriences  great  and  often  insurmountable  difficidties  in 
trying  to  nuike  out  their  order  of  successiun  and  their  thickness.  Such 
cvi'kncc  of  disturbance,  though  usually  strongly  marketl,  is  not  every- 
wliere  equally  so.     Some  areas  have  been  more  intensely  crumpleil  and 
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plioated,  and  where  this  is  the  case  the  rocks  usually  present  their  most 
ooiuipicnoiisly  crystalline  structure. 

A  further  eminently  characteristic  feature  of  the  schists  is  their 
common  association  ^vith  bosses  and  veins  or  bed-like  sheets  of  gi*auite, 
syenite,  quartz-i)ori)hyry,  diorite,  gabbro,  or  other  massive  rocks.  In 
some  regions,  indeed,  so  abundant  are  the  granitic  masses  and  so 
coarsely  crystalline  or  granitoid  are  the  schists,  that  it  becomes  hardly 
possible  to  draw  satisfactory  boundary-lines  between  the  two  kinds  of 
rock. 

Apart  from  disputed  theories  as  to  the  mode  in  which  the  crystalline 
BoIiiBts  were  formed,  there  seems  no  good  reason  to  doubt  that  originally 
these  rocks  were,  for  the  most  part,  laid  down  in  sheets  or  beds,  and  that 
their  present  puckered  and  plicated  condition  has  been  the  result  of 
terreBtrial  movements,  similar  to  those  by  which  the  crumpling  and 
plication  of  ordinary  sedimentaiy  rocks  in  mountain  regions  have  been 
produced.  The  alternations  of  different  bands  of  quartzose,  aluminous, 
or  magnesian  composition,  with  the  occasional  intercalation  of  lenticular 
soneB  of  white  marble,  at  once  recall  the  manner  in  which  deposits  of 
sandstone  and  shale,  associated  with  each  other  in  the  older  geological 
formations,  are  here  and  there  interrupted  by  courses  of  limestone. 
This  first  postulate,  therefore,  may  be  granted,  that,  save  where  the 
feliation  is  coincident  with  a  cleavage  or  shearing  strncture,  the  crys- 
taUine  schists  represent  strata  that  were  originally  deposited  on  the 
lea^floor. 

But  the  next  step  in  the  induction  has  given  rise  to  great  differences 
f  opinion.  Some  geologists  maintain  that  the  crystalline  schists  are 
riginal  chemical  deposits  of  the  primeval  ocean.  Others  insist  that 
lost  of  these  rocks  were  at  first  mere  mechanical,  possibly  to  some  extent 
bemical,  sediments,  though  some  were  probably  eruptive  masses,  and 
bat  their  present  crystalline  and  foliated  characters  have  been  super- 
[iduced  upon  them ;  in  other  words,  that  they  are  metamorphic  rocks. 
Ino  of  the  chief  causes  of  the  difficulty  of  the  problem  lies  in  the 
stct  that  the  crystalline  schists  are,  in  the  majority  of  cases,  sc^pai-ated 
rom  all  other  geological  formations  by  an  abrupt  hiatus.  Instead  of 
acMiing  into  these  formations,  they  are  commonly  covered  unconformably 
y  them,  and  have  usually  been  enormously  denuded  before  the  deposition 
f  the  oldest  overlying  rocks.  Hence,  not  only  is  there  a  want  of  continuity 
letAveen  the  schists  and  younger  formations,  but  the  contrast  between 
heiQ,  in  regard  to  lithological  characters  and  geotectonic  structure,  is 
o  exceedingly  striking  as  naturally  to  suggest  the  idea  that  the  schists 
auBt  belong  to  a  far  earlier  jieriod  than  that  of  the  oldest  sedimentary 
bmiations  of  the  ordinary  typo,  and  to  a  totally  different  order  of 
ihysical  conditions.  Natural,  however,  as  this  conclusion  may  be, 
.hoBO  who  adopt  it  probably  seldom  realise  to  what  an  extent  it  rests 
ipon  mere  assumption.  Starting  with  the  supposition  that  the  crystal- 
.ine  schists  are  the  result  of  geological  02)crations  that  preceded  the 
umes  when  ordinary  sedimentation  began,  it  asaumeH  t\ia\.  Wvcrj  \y^Qt^*»^ 
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to  one  great  early  geological  period.  Yet  all  that  can  logioilly  %e 
asserted  as  to  the  age  of  these  rocks  is  that  they  must  be  older  tliati  Vat 
oldest  formations  which  overlie  them.  If  in  one  region  of  the  fjMsb 
they  appear  from  under  Cretaceous,  in  another  below  Ourbonifeionfl,  in  t 
third  below  Silurian  strata,  their  chronology  is  not  more  maeaxMj 
definable  from  this  relation  than  by  saying  they  are  respeoiaTely  fn- 
Cretaceous,  pre-Carboniferons,  and  pre-Silurian.  They  may  all  of 
course  belong  to  the  same  period;  but  where  they  oooor  in  detaohed 
and  distant  areas,  there  is  as  yet  no  method  whereby  {heir  synbhroniH 
can  be  proved.  To  assert  it,  is  an  assumption  which,  thoagh  in  may 
cases  irresistible,  ought  not  to  be  received  vdth  the  oonfidenoe  of  m 
established  truth  in  geology. 

In  the  investigation  of  the  problem  of  the  cnystalline  Bdhistai  mnoli 
assistance  may  be  derived  from  a  study  of  the  looalitieB  where  m  oiyild- 
line  and  foliated  structure  has  been  superinduced  upon  ordinaiy  sedi- 
mentary rocks — where,  in  £EM3t,  these  rocks  have  aotualiy  been  dhangri 
into  schists,  and  where  the  gradation  between  their  unaltered  and  ihiar 
altered  condition  can  be  dearly  traced.  Accordingly  the  folloiriiiK 
pages  of  this  Part  will  be  devoted  io  an  examination  of  the  BtSmi 
features  of  metamorphism  and  metamorphic  rocks. 

At  the  outset  some  caution  must  be  emplqjred  as  to  the  use  of  tb 
terms  **  metamorphism  "  and  ^'  metamorphio."  It  is  obvious  that  we 
have  no  right  to  call  a  rock  metamorphic,  unless  we  can  distinctly  tnoo 
it  into  an  unaltered  condition,  or  can  show  from  its  internal  compoeiiioe 
and  structure  that  it  has  undergone  a  definite  change,  or  can  prove  its 
identity  with  some  other  rock  whose  metamorphic  character  has  been 
satisfactorily  established.  Further,  it  must  be  remembered  that,  in  a 
certain  sense,  all  or  nearly  all  rocks  may  be  said  to  have  been  xneU- 
morphosed,  since  it  is  exceptional  to  find  any,  not  of  very  modem  dftte, 
which  do  not  show,  when  closoly  examined,  proofs  of  having  bec» 
hardened  by  the  pressure  of  superincumbent  rock,  and  altered  by  ^ 
action  of  percolating  water  or  other  daily  acting  agent  of  chaDgc* 
Even  a  solid  crystalline  mass,  which,  when  viewed  on  a  fresh  fnctvi* 
with  a  good  lens,  seems  to  consist  of  unchanged  crystalline  partickii 
will  usually  betray  under  the  microscope  unmistakable  evidence  of 
alteration.  And  this  alteration  may  go  on  until  the  whole  intentfl 
organisation  of  the  rock,  so  far  at  least  as  we  can  penetrate  into  i^i 
has  been  readjusted,  though  the  external  form  may  still  remain  suchtf 
hardly  to  indicate  the  change,  or  to  suggest  that  any  new  name  shoaM 
be  given  to  the  recomposed  rock.  Among  many  igneous  rocks,  partica* 
larly  the  more  basic  kinds  (diabases,  basalts,  andesites,  diorites,  oli^ 
rocks,  c^c),  alteration  of  this  nature  may  be  studied  in  aU  stages.^ 

But  mere  alteration  by  decay  is  not  what  geologists  denote  Ijj 
metamorphism.  The  term  has  been,  indeed,  much  too  loosely  employe ; 
but  it  is  now  generally  used  to  express  a  change  in  the  minendogioal  ^ 
chemical  composition  and  in  the  internal  structure  of  rocks,  produced  t^ 

*  See  Indox,  eub  voo»  •*  Weathering." 
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some  depth  from  the  surface,  through  the  operation  of  mechanical  move- 
ment,  oomhined  with  the  influence  of  heat  and  heated  water  or  vapour. 
A  metamorphic  rock  may  be  more  compact  and  crystalline  than  the 
l>arent  mass  from  which  it  has  been  derived,  like  which,  also,  when 
exposed  at  the  surface,  it  o^ain  undergoes  alteration  by  weathering. 

The  conditions  that  appear  to  be  mainly  concerned  in  metatJiorphisiii 

liave  been  already  stated  (p.  294).     It  may  be  added  here  that  these 

^K)nditions  may  in  different  cases  be  supplied :  1st,  by  the  action  of 

l^ted  subterranean  water  carrying  carbonic  acid  and  mineral  solutions 

Cp*  281);  2nd,  by  the  action  of  hot  vapours  and  gases  upon  under- 

£ix>UDd  rocks  (pp.  212,  281);  3rd,  by  mechanical  movements,  particu- 

Xarly  those  which  have  resulted  in  the  crushing  and  shearing  of  rocks 

Cp.  290) ;  4th,  by  the  intrusion  of  heated  eruptive  rocks,  sometimes  con- 

-feaining  a  large  proportion  of  absorbed  water,  vapours,  or  gases  (p.  535, 

^47) ;  5th,  occasionally  and  very  locally  by  the  combustion  of  beds  of  coal. 

Metamorphism  is  manifested  in  two  distinct  phases.     Ist,  Local 

^t^liftc  metamorphism  of  contact  or  of  juxtaposition),  whore  the  change  has 

n  effected  only  within  a  limited  area,  round  some  eruptive  mass, 

end  which  the  ordinary  condition  of  the  altered  rocks  can  be  seen. 

,  Regional  (normal),  where  the  change  has  taken  place  over  a 

tract  without  reference  to  eruptive  masses,  the  original  characters 

the  altei'ed  rocks  being  more  or  less  completely  effaced.    Between 

^^^^  results  of  local  and  regional  metamorphism,  no  sharp  line  can  be 

wn  ;  they  insensibly  graduate  into  each  other. 

§  ii.  Local  Metamorphism  (metamorphism  of  contact 

or  juxtaposition). 

The  following  examples  of  the  nature  of  the  metamorphism  of  contact 

^3  arranged   in  progressive  order  of  intensity,  beginning  with  the 

ablest  change,  and  ending  with  results  that  are  fjuito  comparable  with 

^  great  changes  involved  in  regional  metamorphism. 

Bleaching  is  well  seen  at  the  surface,  where  heated  volcanic  vapours 

^^e  through  tuffs  or  lavas  and  convert  them  into  white  clays,  (p.  217). 

^)Coloration,  however,  has  pro(;ccdcd  also,  tmdcrneath,  along  the  si<les 

^^  dykes  (p.  540).     Thus  in  Arran,  a  zone  of  decoloration  ranging  from 

^~*    or  6  to  25  or  30  fuet  in  width,  runs  in  the  red  sandstcme  along  eacli 

^  V^e  of  many  of  the  abundant  basalt-dykes.     This  removal  of  the  colonr- 

^g  peroxide  may  have  been  effected  by  the  prolonged  escape  of  hot 

t^pours  from  the  cooling  lava  of  the  dykes.     Had  it  been  due  merely 

the  reducing  effect  of  organic  matter  in  the  meteoric  water  filtering 

^^WB  each  side  of  the  dyke,  it  ought  to  occur  as  frequently  along  joints 

^Vi  which  there  has  been  no  ascent  of  igneous  matter. 

Coloration. — Rocks,  particularly  shale  and  sandstone,  in  contact 
'^ith  intrusive  sheets,  are  sometimes  so  reddened  as  to  resen)ble  the 
^umt  shale  from  an  ironwork.  Every  case  of  reddening  along  a  line  of 
function  between  an  eruptive  and  non-eruptive  rock  must  Yiot,\vo^<sv«t^ 
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be  set  Aavrci  without  exftniination  as  an  effect  of  the  mere  heat  of  Ae 
iDJccted  niaNE>,  for  Bometitnen  tbo  colonring  may  bo  due  to  mbseqiuint 
oxidation  of  iron  iu  one  or  both  of  the  rockx  by  water  percolating  along 
the  lincB  of  contact. 

Induration. — One  of  the  moiit  Gommon  changes  anperindaced  npon 
ncdimcntary  rockn  along  their  contact  with  intnuivo  maaaea,  ia  a  harden- 
ing of  their  Bubntaiicc.  Sandstone,  for  example,  ia  converted  into  > 
compact  rock  which  breaks  with  the  lustrous  fracture  of  qnartzitr. 
Argillaceous  strata  aro  altered  into  flinty  slate,  Lydian-^tone,  jasper,  or 
poroellanite.  This  change  may  sometimes  be  produced  by  meie  diy 
heat,  as  when  clay  is  baked.  But  probably,  in  the  majority  of  oues, 
induration  of  subterranean  rocks  results  from  the  action  of  heated  water. 
The  most  obvious  examples  of  this  action  are  those  wherein  the  percent- 
age of  silica  has  been  increased  by  tho  deposit  of  a  siliceous  cement  in 
the  intersticeA  of  the  stone,  or  by  tho  replacement  of  some  of  the  minenl 


ruitli:l>>-  l)i>1'.'rllc  i,Ei  li)\  Dl-lH]ibiig|^  OlvgiW. 


substances  by  silica.  Tliis  in  specially  olvwrvable  round  emptive  mas'* 
of  granite  and  diabase' 

Expulsion  of  water. — One  effect  of  the  intrusion  of  molten  nwtter 
among  the  ordinary  cool  nii;ks  of  tho  eartli's  crust  has  doubtless  uff" 
been  temporarily  to  exi)cl  their  interstitial  water.  The  heat  may  e«^ 
liavo  been  occasionally  sufficient  to  drive  off  water  of  crj-stalliMtiuD  w 
of  chemical  combination.  Mr.  Sorby  mentions  that  if  has  been  able  I'' 
dispel  the  wafer  present  in  the  minute  fluid  oavitiea  of  quart?,  in  a  sun'" 
stone  invudeil  by  diabase,^ 

Prismatic  structure, — Contact  with  enijitivc  rocks  has  freqnentlv 
produced  a  ])ri8m;itic  structure  in  the  cimtigunus  niasses.  ConepiL'"'"" 
illustrntionB  of  this  change  are  dLijilayed  iu  sandstones  through  wiicli 
dykes  have  rist'n  {Fig,  21*7).     Indeiwndently  of  the  lines  of  stratifiestioii, 

'  Kayscr,on  contact  nictwuorjihismnronmi  the  diabase  of  lliellari, /!./*<"(**■ ''^ 
fien,  xxii.  103.  wlipro  nunljsea  nhowing  tlie  high  ixrcentagc  of  etlicn  are  pven.  H»»A 
Aiiiti:  Jnara.  Sfi.  Janiiary  1881.  The  phonnnipns  of  melamorplii«iii  round  grmae  M< 
frii-llipr  ilescribwl  below,  p.  r,CV;  tei,.  '  <{.  J.  Ural  So--.  1880.    Aulf,  p-  5*'' 
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polygonal  prisms,  six  inches  or  more  in  diamctor,  and  soveral  feet 
in  length,  starting  from  the  faco  of  the  dyke,  have  been  developed  in 

the  sandstone.^ 

Some  of  the  most  perfect  examples  of  superinduced  prisms  may  occasiomilly  bo 
noticed  in  seams  of  coal  i^rhich  have  been  invade<l  by  intrusive  igneous  rocks.  In 
the  Scottish  coal-fields,  sheets  of  basalt  have  been  forced  along  the  surfaces  of  coal- 
seams,  and  even  along  their  centre,  so  as  to  form  a  bed  or  sheet  in  tlie  middle  of  the 
eoal-seam.  The  coal  in  these  cases  is  sometimes  beautifully  colunmar,  its  slender 
liexagonal  and  pentagonal  prisms,  like  rows  of  stout  pencils,  diverging  from  the  surface 
eC  the  intmrive  sheet.' 

Other  examples  of  the  production  of  this  structure  have  been  described  in  dolomite 
altered  bj  qnartz-porphyry  (Gampiglia,  Tuscany);  fresh-water  limestone  altered  by 
lasalt  (Gorgovia,  Auvergne) ;  basalt-tuff  and  granite  altered  by  basalt '  (Mt.  Saint- 
3lichel,  Le  Pay). 

Calcination^  Melting,  Coking.*— By  the  great  heat  of  erupted 
jnasses,  more  especially  of  basalt  and  its  allies,  rocks  have  Ix^eu  calcined 
and  partially  or  completely  melted.  In  some,  the  matrix  or  some  of  the 
:*oiiiponent  minerals  have  been  melted ;  in  others  the  whole  rock  has  been 
*ii»€d.  Among  granite  fragments  ejected  with  the  slags  of  old  volcanic 
^exits  in  Auvergne,  some  present  no  trace  of  alteration,  others  are  burnt 
t9  if  they  had  been  in  a  furnace,  or  are  partially  melted  so  as  to  look  like 
l£L^s,  each  of  thcii*  component  minerals,  however,  remaining  distinct, 
■a.  the  Eifel  volcanic  region,  the  fragments  of  mica-schist  and  gneiss 
incited  with  the  volcanic  detritus  have  sometimes  a  crust  or  glaze 
^  glass.  Sandstones,  though  most  frequently  baked  into  a  compact 
^i€fcrtzite,  are  sometimes  changed  into  an  enamel-like  mass  in  which, 
''^i.^n  the  rock  contains  an  argillaceous  or  calcareous  matrix  with  dis- 
•^v^ed  quartz-grains,  the  infusible  quartz  may  be  recognised  (Oberellen- 
•^Cih,  Lower  Hesse).  According  to  Bunsen's  observations,  volcanic  tuff 
^^cJ  phonolite  have  sometimes  l)een  melted  for  several  feet  on  the  sides 
^  "the  dolcrite  dykes  which  traverse  them,  so  as  to  present  the  aspect  of 
^^"tohfitone  or  obsidian.^  Besides  complete  fusion  and  fluxion-structure, 
■^^re  has  sometimes  been  also  a  production  of  microscopic  crystallites 
'-^    the  fused  portions,  resembling  those  of  eruptive  rocks. 


^  Sandstone  altered  by  basalt,  melaphyro,  or  allied  rock,  Wildenstein,  near  Biidingen, 


^  '  Coal  and  lignite,  with  their  accompanying  clays,  altered  by  basalt,  diabase,  mcla- 
^^re,  &c.,  Ayrshire,  Scotland ;  St.  Saturnin,  Auvergne ;  IMeissner,  Hesse  Cassel  ; 
1> tiogshausen,  Vogelsgebirge ;  Sulzbach,  Ujyper  Palatinate  of  Bavaria:  FUnfkirchen, 
^  Vingary :  by  trachyte,  Commentry,  Central  France ;  by  phonolite,  Northern  Bavaria. 

*  Naumann,  *  Geognosie,'  i.  p.  737. 

*  It  is  worthy  of  observation  thiU  changes  of  the  kind  here  referred  to  occur  most 
^^monly  with  basalt-rocks,  melaphyres,  and  diabases.  Trachyte  has  been  a  less 
'  '^^nent  agent  of  alteration,  though  some  remarkable  examples  of  its  influence  have 
'^^"^n  noted.  Poulett  Seropo  (Cieol,  Tram.  2iid  ser.  ii.)  describes  the  oltoration  of  a 
^"^^hvte  conglomerate  by  trachyte  into  a  vitreous  mass.  Quartz-porphyry  and  diorite 
^^^casionally  present  examples  of  calcination,  or  more  or  less  complete  fusion.  But  with 
^« granitic  and  syeuitic  rocks  changes  of  this  kind  liave  never  been  obser\'ed.  Naumann, 
^^eognoaie,'  i.  p.  744. 

'  Usually  the  vitreous  band  at  the  margin  of  a  basalt  dyke  belongs  to  the  intrude<l 
and  not  to  that  through  which  it  has  risen  (see  '*  Basalt-glass,'*  ante,  \)\).  \;V^,?A'r). 
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The  effects  of  eruptive  rocks  upon  carbonaceous  bods,  and  particularly 
upon  coal-seams,  are  among  the  most  conspicuous  examples  of  thiB  kind 
of  alteration.  In  a  coal-field  much  invailod  by  igneous  rocks,  seams 
of  coal  are  usually  found  to  have  suffered  more  than  the  other  strata, 
not  merely  because  they  are  specially  liable  to  alteration  from  the 
proximity  of  heated  surfaces,  but  because  they  have  presented  lines 
of  more  easy  escaije  for  the  igneous  matter  pressed  from  below.  The 
moltt'n  rock  has  very  generally  l>een  injected  along  the  coal-fleams; 
sometimes  taking  the  lower,  sometimes  the  upper  surface,  or  even,  as 
already  stated,  forcing  its  way  along  the  centre. 

The    alterations    produced    by    the    intrusion    vary    considerably, 
according  to  the  bulk  and  nature  of  the  eruptive  sheet,  the  thickness, 
composition,  and  structure  of  the  coal-scam,  and  prolmbly  other  causes. 
In  some  casoH,  the  coal  has  been  fused  and  has  acquired  a  blistereil  ur 
vesicidar  texture,  the  gas  cavities  being  either  empty  or  filled  witli  suiiie 
infiltrated  mineral,  especially  calcite  (east  of  Fife).     In  other  examples, 
tlio   coal   has  become  a  hard  and  brittle  kind  of  anthracite  or  "bliud 
coal,"   owiug  to   the  loss  of  its  more  volatile  portions  (west  of  Fifej. 
This  change  may  l>e  observed  in  a  coal-seam  six  or  eight  feet  tldck,  enn 
at   a  distance   of  50  yards  from  a  largo  dyke.     Tnuxxl  nearer  to  the 
eruptive  mass,  the  coal  passes  into  a  kind  of  pyritous  cinder,  scarcely  half 
the  original  thickness  of  tlie  seam.    At  the  actual  contact  with  the  dyke, 
it  becomes  by  degrees  a  kind  of  caked  soot,  not  more  perhaps  than  a 
few  inches  thick  (South  Staffordshire,  Ayrshire).     Coal  altered  int»  a 
prismatic  substance  has  been  above  (p.  550)  referred  to ;   it  hiis  even 
l>cen  o).)served  changed  into  graphite  (New  Cumnock,  AjTshirc), 

Striking  as  is  the  change  produced  by  the  intrusion  of  basalt  int^ 
coals  and  bituminous  shales,  it  is  hardly  more  conspicuous  than  ^<^ 
alterjition  eftected  on  the  invading  rock.  A  compact  crj'stallino  1»W 
lieavv  basalt  or  diabase,  when  it  sends  sheets  and  veins  into  a  coal<>T 
highly  carlxniaceous  shale,  l)ecomes  yellow  or  white,  earthy,  and  frial'l^. 
loses  weight,  ceases  to  have  any  apparent  crystalline  texture,  ami,  m 
short,  i)asses  into  what  would  at  first  unliesitatingly  Ik)  pronounecrd  t^'^"^' 
mcro  clay.  It  is  onl}-  when  the  distinctly  intrusive  character  of  this 
substance  is  recognised  in  the  veins  and  fingers  which  it  sends  out,  au" 
in  its  own  irregular  course  in  the  altered  cojd,  that  its  true  nature  is  niaJt 
evident.  Microscopical  examination  shows  that  this  "  white-rock '' *•' 
'*  white-trap  "  is  merely  an  altered  form  of  some  diabasic  or  Imsaltic  rocki 
wherein  tlii^  felspar  crystals,  though  much  decayed,  can  yet  1m3  tracfu. 
the  augite,  olivine,  and  magnetite  being  more  or  less  completely  chanilrf 
into  a  mere  pulverulent  earthy  substance.^ 

The  l^asalt  of  Meissiier  (Lower  Hesso)  overlica  n  thick  stratum  of  brown  conl  iihirfi 
hIiows  nn  uitoresting  scries  of  altomtions.    Immediately  under  the  igrneons  rook,  a  tbro 

'  A  Bjui'iMmcn  of  this  alt^-rwl  rock  annlyscd  by  Henry  gave:  Alnminn,  13-250: 
silico,  :iS-83();  lime.  H02r»;  majrncsia.  4-180;  sotlu,  0971;  ix)ta8li,  0*422:  protoxw^f 
ol  iron.  ir.SiMI;  iKjroxide  of  iron,  i-335;  carbonic  acid,  0:^20;  water,  lIiHO=100-ia 
It  is  evident  that  part  of  the  lime,  iDM^neaia,  and  alkalies,  and  aome  of  tlio  silica,  baTC 
licro  been  removocL  and  that  moat  of  the  iron  exists  as  ferrous  carbonate. 
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un  of  Impare  earthy  ooal  (•Metten")  appears  as  if  completely  burnt  The  next 
iderlying  stratum  has  been  altered  into  metal lic-lustrcd  outhracitc,  passing  downwards 
to  TBiiouB  black  glossy  coals,  beneath  which  the  brown  coal  is  worthless.    The  depth 

whksh  the  alteration  extends  is  5-3  metres.*  Another  example  of  alteration  has 
»©n  described  by  G.  vom  Roth  from  Funfkirchen  in  Hungary.-  A  coal-seam  has 
eie  been  invaded  by  a  basic  igneous  rock  (perhaps  diabase)  now  so  decomposed  that 
\  tme  lithological  character  cannot  bo  satisfactorily  determined.  Hero  and  tliere,  the 
tnisive  rock  lies  concordantly  with  the  stratification  of  the  coal,  in  otlier  places  it 
ads  out  fingers,  ramifies,  abruptly  ends  oft*,  or  occurs  in  detached  nodular  fragments 

the  coal.  The  latter,  in  contact  witli  the  intrusive  material,  is  converted  into  prismatic 
ke.  The  analysis  of  tluree  specimens  of  the  coal  throws  light  on  the  natiuro  of  tlio 
ange.  One  of  these  (A)  shows  the  ordinary  composition  of  the  coal  at  a  disitanco 
tm  the  influence  of  the  intrusive  rock,  the  second  (B)  taken  from  a  distance  of  about 
\  metre  (nearly  I  foot)  exhibits  a  partial  conversion  into  coke,  while  in  the  tliiid 
)y  taken  from  immediate  contact  with  the  eruptive  mass,  nearly  all  the  volatile 
dzocarbons  have  been  expelled. 


Axh. 

Sulphur. 

Gukc. 

Bitumen. 

A.    8-29  per  cent. 

2074 

79-7 

20-3 

B.    9-73 

1112 

87-8 

12-2 

C.  45*96 

0-151 

05-3 

4-7 

During  the  subterranean  distillation  arising  from  the  destruction  or  alteration  of 
al  and  bituminous  shales,  while*  the  gases  evolved  find  their  way  to  the  surface,  the 
pud  products,  on  the  other  hand,  are  apt  to  collect  in  fissures  and  cavities.  In 
>ntral  Scotland,  where  the  coal-fields  have  been  so  abundantly  pierced  by  igneous 
iMses,  petroleum  and  asphaltum  are  of  frequent  occurrence,  sometimes  in  chinks  and 
6101  of  sandstones  and  other  sedimentary  strata,  8om(;tinies  in  the  cavities  of  the 
Tieons  rocks  themselves.  In  West  Lothian,  intrusive  sheets,  traversing  a  group  of 
fiita  containing  seams  of  coal  and  oil-shale,  have  a  distinctly  bituminous  odour  when 
^hly  broken,  and  little  globules  of  petroleum  may  bo  detected  in  their  cavities.  In 
)  same  district,  the  joints  and  fissures  of  a  massive  sandstone  are  filled  with  solid 
>Wn  asphalt,  which  the  quarrymen  manufacture  into  caudles. 

MarmaroBis.^  — The  conversion  of  ordinary  dull  grannlar  limestone 
Jo  crj'stalline  or  saccharoid  niarlde  may  not  infrequently  1x3  observed 

a  small  scale,  where  an  intrusive  sheet  or  dyke  has  invaded  the  rock. 
i«  also  observable  as  a  general  phenomenon,  apart  from  the  appearance 
"visible  eruptive  rocks,  and  in  such  cases  serves  to  unite   local  and 
Sioiial  metamorphism. 

One  of  the  earliest  described  examples  of  this  change  is  that  at  Kathlin  Island,  off  the 
th  coa«t  of  Ireland  (Fig.  29S).  Two  basalt  dykes  (20  and  35  feet  thii-k  respectively) 
«nd  there  through  chalk,  of  which  a  band  twenty  feet  thick  separates  them.  Down 
^  middle  of  this  central  chalk  band  runs  a  tortuous  <l}ke  one  foot  thick.  The  chulk 
twten  tlie  dykes  and  for  some  distance  on  either  side  has  been  altered  into  a  finely 
Anular  maible.*  Another  Huialler  but  inten^sting  illustration  of  tho  same  change 
CQiBat  Gamps  (Quarry  near  Kdinburgh.     The  dull  grey  Burdie  House  limestone 

'  Moosta,  *  Geologische  Schilderung,  Meissner  uud  Hirschberge,'  Marburg,  18<J7. 

*  O.  Tom  Ilath,  N,  Jahrb.  1880,  p.  27G.  In  the  above  analysis  the  bitumen  includes 
1  volatile  conatitaents  driven  off  by  heat,  hence  coke  and  bitumen  =  100.  Another 
rince  is  described  by  G Umbel  from  Mahrisch-Ostrau,  where  coal  Is  coke<l  by  an 
^|it&-porphyry,  Verh.  Geol.  H^nchsansf.  1874,  p.  55. 

'  Tne  coining  of  a  new  word  to  express  a  change  for  which  there  is  as  yet  no  short 
rm  may  perhaps  be  pardoned. 

*  Oonyueare,  Trans.  GcoL  Soc.  iii.  p.  210  and  plate  x.  One  of  the  most  remarkable 
amples  of  marmafobis  is  the  alteration  of  the  (Triassic;  limestone  of  Carrani  into 
9  ml-known  statuary  marble  (see  poft^a,  p  577). 
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Fig.  3»3.— 1)/kH  DTblult 

(oaa)    mvMslnB    Chill 
(U),  which  ncut  lie  dj'kn 
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(Lower  CaTlKmifcrouB).  full  of  valTea  of  LfperdtUa  and  planta,  hw  then  beao  InnM 
by  a  bonnltic  dyke,  wliicli,  Bcn'ling  slender  veins  into  tho  limMkme,  hu  eneloxd 
portloDB  of  it  Tbo  limestone  is  fonnd  to  Iiftve  acquired  tho  granular  nritallin* 
chamctor  of  marble,  eorh  little  gTanulc  of  calcite  haTiog  Its  own  orientation  oT  clears^ 
pianos  (Fi;;.  290). 

Production  of  new  minerals. — One  of  the  results  of  the  intmiion 
of  erupfivo  ruck  liaa  been  tlio  development  of  ciyBtalUno   minerals  in 

ordinaiy  sedimentary  strata  near  the  line  of  ooutMrt 

'^^i^llJIlJjOijjP ."      The  new  luinersls  Lave  usually  an  obvious  affiuitT 

''^^^1  'rV^ll  r^''        '"   composition  with  the  original   roelc.     But  an- 

.   !irTill"irv^K|||[IV.i         doTibtedly  silica  Las  often  been  introduced  as  part 

of  tiio  nltemtioii,  either  free  or  as  tdlicatea. 

iulcrcsting  inetAiice  of  the  change  vna  dvacribed  muj 

jpara  ago  bj  Henslow,  near  Plas  Xewjild,  AnglFsm.    A  bualt 

"kb-     ''y^"  '^^  '<^'  '"  breadth  tliere  traverses  streta  of  ebale  ud 

'aigillooeouB  limestone,  vhit^h  are  altered  to  a  distance  of  33 

foet  from  tho  iutmslvi:  rocks,  tbe  limestone  becoming  granulsr 
ami  Fryaliilliiie,  and  tlio  shale  being  hanlcnol,  here  and  tliere  po:eellaiUHPil,  while  iti 
shelU  (Pmdiicti,  Ae,),  tbough  nearly  obliteratod,  nre  sliU  traceable  by  Ibeit  imprcnioDi. 
In  the  altered  fosdliferoua  shale  numerous  cryetuls  of  analcimc  and  garnet  Lave  bea 
devulopcil,  the  latter  yielding  as  lanch  na  20  per  eent  of  lime.'  Similar  phenomou 
were  otMwrvcd  by  Sedgwick  along  the  edges  of  intradcd  basalt  sinong  the  CurboDiftnnH 
limestones  and  sbalei  of  Higli  Tcesdalc." 

In  HeEse  and  ttie  Thuringerwald,  Zirkcl  bag  described  i»ndatoncs  nlteml  by  eontacl 
with  bofalt.  wbcrc  tbe  qunrtz-graiDS  luv  enveloped  in  a  vitreous  imitrix,  in  wtiict 
ubimilant  microscopic  microlitha  occur,  end 
present  in  their  aimngcment  cvidenco  of  a 
Hux ion-structure.  This  gluiuy  constituent 
probiibly  reiinsents  the  aigillnoeoiia  and 
ullier  materiiilB  in  which  the  qiurtz-grains 
were  originally  iiulicdded,  and  which  has 
bcin  fused  nnJ  ma<lo  to  How  by  the  heat  of 
tbe  liauult.' 

Ainoiig  lociilities  where  the  development 
of  new  niincmla  in  proximity  t«  emptLVC  rock 
has  tiiki'U  place  on  the  most  extensive  scale, 
iioiio  luive  been  nioro  frequently  or  carefully 
dtxctlbcd  than  some  in  the  group  of  inonii- 
laiiifl  iyiTig  to  the  cu«t  and  sonth-ciist  of 
Ilolzcii,  in  tho  Tyrol  (Honzonl,  rrcdiiiito). 

I.LmcBloni.-s  of  TiOwer  Trio^sie  (or  Permiim)  Fjg.  j»,_se«im  of  limt: 
age  have  therj  beta  invaded  by  masses  of  convened  Into  gnmuii 
monzonlte  (u  roek  iuterniediale  l«itwoen  sy-  M'«"ia«' » '"™««™- 
cnite  anil  diorile,  sometimos  containing  much 

angite),  gniuitc,  melaphyrc,  diabase,  and  orthoeLise-poqibs-ry.  They  Lave  bewX 
cojiiaiily-errslnllino  ninrblc,  purlioua  of  them  being  completely  ciivclopcil  in  Ibc  aof'^ 
rock.  But  their  most  remarkablo  ft-alnre  is  that  in  them,  and  in  Ibo  emptive  locb  i" 
cmtiict  with  them,  many  niincralB,  often  boaulifully  cryatnllizcd,  have  Ix-eii  ilevrtoif*- 
including  gurnet.  idocraKC.  geblenile.  fessaite,  piaiacite,  Eijinel,  aitorlhite,  mica,  niagW'" 
iron.  Iiirjnntile,  epalito  unil  serpentine.     Some  of  (lieau  minorala  occur  chicU}'  or  i"'! 


:iinii>tane(<i)(Bun]ltll<> 
uulu  taabic  bf  IuhIi 


'  (Hatir/ihK  I'ha.  Trau».  i.  p.  mi. 

'  y.  Jahib.  1872,  p.  7.   For  oiher  examiilos  see  Slolil,  Verttaiu 
lSTt,p.259;  HuiMk,  IVftcnML-**  Jl/fn.  JlftfUWi^  I8S3,  p.  530. 


>u.  ci"(.  ii.|i.l7i- 


Pabt  Vin.  f  ii.]  LOCAL  METAMORPHISM.  563 


in  the  eruptive  maases,  others  more  frequently  iu  the  limestone,  which  is  marked  by  a 
lime-silicate  liomstone  zone  along  tlie  junction.  But  these  arc  all  products  of  contact 
of  the  two  kinds  of  rock.  Layers  of  Ctirbonatos  (culeito,  also  with  brucitc)  alternate  with 
laminsD  and  streaks  of  various  silicates,  in  a  manner  strikingly  similar  to  the  arrange- 
ment found  in  limestones  among  arens  of  regional  mctamorphism,  where  no  visible 
intmsive  rock  has  influenced  the  phenomena.* 

Production  of  foliation. — This  is  the  most  coinplcto  kind  of  meta- 
morphio  change,  for  not  only  are  new  minerals  developed,  but  the  whole 
textnre  and  structiiro  of  the  rock  are  altered.  Reference  has  been  already 
(p.  527  seq.)  made  to  the  striking  manner  in  which  foliation  has  been 
Buporiuduced  upon  ordinaiy  sedimentary  rocks  round  largo  bosses  of 
granite.  The  details  of  this  change  deserve  careful  consideration,  for  they 
pOBseBS  a  high  importance  in  relation  to  any  theory  of  mctamorphism. 

Bound  the  gran  iteboascs  of  Devon  and  Cornwall,  already  referred  to  (jinU'y  p.  529) 
the  Devonian  and  GHrboniferous  formations  have  undergone  remarkable  changos,  whicli 
have  long  been  cited  as  classic  examples  of  contact-mctamorphism.  Fine  greywacke 
and  slate  have  been  converted  into  mica-schist  and  varieties  of  gu<;i.ss  (comubianite). 
in  some  cases,  the  slates  become  indurated  and  dark  in  colour,  and  new  minends 
(schorl,  chiastolite,  &c.)  arc  developed  in  them.  The  volcanic  bands  intercalated  with 
the  sedimentary  series  likewise  undergo  alteration,  tho  ''greenstones,"  in  particnlar, 
becoming  much  more  coarsely  crystalline  as  they  approach  the  granite.  Each  >x)ss  of 
granite  is  surrounded  with  its  ring  of  metamorphi&m,  wliich  varies  greatly  in  breadth 
and  in  the  intensity  of  altemtion.' 

In  the  Lake  District  of  the  north  ofEngland  excellent  examples  of  the  phenomena 
of  contact  may  be  observed  round  the  granite  of  Skiddaw.  The  alteration  here  extends 
for  ft  distance  of  two  or  three  miles  from  the  central  mass  of  granite.  The  slate  where 
vnaltcit'd  is  a  bluisli-grey  cleaved  rock,  weathering  into  small  ilakcs  nnd  pencil-like 
fngments.  Traced  towards  the  granite,  it  first  shows  fnint  spots,  which  increase  in 
ituttiber  and  size  until  they  assume  the  form  of  chiastolite  crystals,  with  which  tlie  slate 
is  now  abundantly  crowded.  The  zone  of  this  chiastolite-slate  seldom  exceeds  a 
pouter  of  a  mile  in  breadth.  Still  closer  to  the  granite,  a  scH^ond  stage  of  mcitmorphi.sni 
"iQiriLed  by  the  development  of  a  general  schisto:!e  character,  the  rock  becoming  moro 
^"^•SRiTe  and  less  cleaved,  tlio  cleavage-planes  being  reidaced  by  an  incipient  foliation 
^06  to  the  development  of  abundant  dark  little  rectangular  or  oblong  »\)oUy  probably 
'''Bperfeetly  crystallized  chiastolite,  this  mineral,  as  well  as  andalusite,  occurring  also  in 
'•'Re  crystals,  together  with  minute  flakes  of  mica  (npottcd  schist,  Knotenschiefer). 
^  third  and  final  stage  is  reached  when,  by  the  increase  of  the  mica  and  quartz-grains 
the  lock  pasecs  into  mica-schist — a  light  or  bluish-grey  rock,  with  wonderfully 
^torted  foliation,  which  is  developed  close  to  the  granite,  there  being  always  a  sharj) 
Hoc  of  demarcation  between  the  mica-schist  and  the  granite.' 


*  On  tho  Monzoni  region.  s»-e  Doelter,  Jahrh,  frcol.  ReichmmlaU^  IS"."!,  p.  207, 
^hera  a  bibliography  of  tbe  locatitv  up  to  the  date  of  publicdtion  will  be  found.  Other 
[lipen  liavo  since  appeared,  of  which  the  following  dealing  with  the  phenomena  of 
contact-metauiorphism  may  be  mentioned.  G.  vnm  Hath.  /.  Deutsch.  (not.  Gi*.  IST'n 
p.  ^3;  'Der  Monzoni  in  siiilostliclien  Tirol,*  Bonn,  l»7i) ;  Lemberg, /.  DtuUch,  iStul, 
Gt».  1877,  p.  407. 

*  De  la  Bcche,  'Report  on  (ie^dogy  of  Devon  and  Cornwall,*  Mt.ni.  G*:6l,  iyurny, 
]839f  p.  2C8.  See  also  Forbes.  Traw,  Geo!,  Soe.  CormcalL  ii.  p.  2»>0.  and  Boase.  up.  nit. 
ir.  (1832)  p.  IGC  The  microscopic  structure  of  the  unaltered  states  of  O'rnwall 
IttS  been  described  by  Atliiort,  Q.  */.  Geol,  Soc.  xxxii.  ^^1S70)  p.  407,  and  that  of  tli«' 
greenstones  by  J.  A.  PhilHpB,  ffp.  cit.  xxxiv.  (187>>).  Some  interesting  olirfervatioiui 
on  the  metamorphism  of  Cond^h  and  other  slates  are  given  by  Sorby  in  his  Addr<.::s 
to  the  Geological  Society,  op.  cit.  xxxvi.  (lM8u)  p.  81  d  ^rq. 

'  J.  C.  Ward,  Q.  Jourit.  GhA.  i<oc,  xxxii.  (187(3;  p.  1.  Compare  the  devel«'pij:e:it  of 
audaliuite  in  regional  metamorphism;  p.  570,  note. 
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Farther  north,  in  tlie  south-western  counties  of  Scotland,  sereiml  luge  rmmn  of 
fine-grained  granite  rise  through  the  lower  Silurian  greywacko  and  akale,  which,  anrand 
the  granite  for  a  variable  distauco  of  a  few  hundred  yards  to  nearly  two  miles,  hare 
undergone  j^reat  alteration.  Tliese  strata  are  ranged  in  stocp  anticlinal  and  lyneliotl 
foldd,  ^vliich  run  across  the  south  of  Seotlond  in  a  general  north-east  and  aouth-vat 
direction.  It  is  obser^'able  that  this  normal  strike  continues,  with  little  modificatiuD, 
u])  to  the  gmnite,  which  thus  Iins  replaced  an  equivalent  area  of  sedimentary  rock  (tec 
p.  520).  Tlie  coarser  ai-cnocoous  beds,  as  they  approach  the  granite,  are  changed  into 
quartz-rock,  tiie  thin  siliceous  shales  into  LydiauHBtone,  the  black  anthracitlc  graptolite* 
shales  into  a  compact  mass  charged  with  pyrites,  and  breaking  into  large  ron^i  blocks. 
StmUi  wlicrein  felspar-grains  a)x)und  have  been  altered  to  a  greater  distance  than  tlic 
more  siliceous  beds,  and  show  a  gradation  tlirough  spotted  schists,  with  an  increanf 
development  of  mica  and  foliation,  until  along  the  edge  of  the  granite  they  boeome  trie 
mica-schist  and  even  a  fine  kind  of  gneiss.*  The  pebbly  conglomerates  which  iora  ft 
marked  horizon  omong  tlie  unaltered  rocks,  are  traceable  in  the  metamorphosed  areola  u 
rocks  which,  at  first  siglit,  might  be  taken  for  some  kind  of  porphyrilic  gneiss.  The 
quartz-pebbles  have  assumed  a  resinous  aspect,  and  nro  enveloped  in  a  ciystalUDC 
micaceous  paste. 

A  classical  region  for  the  study  of  contact-metamorphlsm  is  in  tlicHarz,  wheie, 
round  the  granite  masses  of  the  Brockon  and  Eamberg,  the  Devonian  and  older 
Pahcozoic  rocks  are  altered  into  various  fiinty  slates  and  schists  which  form  a  ring 
round  the  eruptive  rock.    Dykes  and  other  masses  of  a  crystalline  diabase  have  likewiie 
been  erupted  through  the  greywackcs  and  shales,  which  in  contact  and  fur  a  vaiyiag 
distance  beyond,  have  been  convertt^l  into  hard  siliceous  bands  (homstono)  and  into 
various  finely  foliati*d  masses  (fieckschiefor,  bandschieft'r,  contact schiefer,  tbe  spikmk 
and  dcsmosilc  of  Zinoken).    The  limestones  have  their  carbon-dioxide  replaced  Iff 
silica  in  a  broad  zone  of  lime-silicate  along  the  contact.^    The  black  compact  hmestooe 
of  Ilnscroile  becomes  a  white  saccharoid  marble,  charged  with  silicates  (rliombio  dodeca- 
hedrons of  garnet,  &C.),  and  witli  its  carbonaceous  matter  segregated  into  abundant  vciia 
A  liniest/me  band  containing  ironstone  presents,  in  the  Spitzenberg  between  Altenan  and 
llarzbnrg,  a  garnet iferous  magnetite  containing  well-preserved  crinoid  stems.' 

The  French  Pyrenees  present  instructive  examples  of  the  effect  of  the  piotntfioa 
of  granite  and  other  crui)tive  rocks  ujwn  Cambrian  and  later  formations.  Fuchs  has  tncitl 
the  mutamorpliiyni  of  clny-slate  through  spotted  schists  (frucht-,  chiastnlite-,  and  sihU* 
Insilo-sohista)  int«i  mini -schist  and  gneiss.*  More  recently  the  region  has  been  stwlied  in 
groat  detail  by  Barroin,  who  ilistinguishcs  three  successive  zones  in  Iho  nietainoi]ihi<' 
areola  8urroun<Ung  the  granite.  On  the  outside  lies  the  zone  of  "goffered  schi^ta," 
in  whioh  a  pudccrcd  structure  has  bceu  developed  without  any  now  mineral  comhinati'ifl 
of  tho  t'liMnenls  of  the  rock.  Next  come  the  chiastolite-schists,  with  crystals  of  fliia«f^ 
litr,  tomiiialiiie,  ilc,  which  become  more  aud  moro  micaceous  towards  tho  interior,  till 
tin  y  p'l.ss  into  tho  third  and  innermost  zone,  that  of  tho  leptinolilcs,  which  me  bi^^^S 
niieacouus  srhists  ^^ith  email  crystals  of  chiastolito,  and  sometimes  with  iourwaiipc, 
rutilo  and  tri^-linio  folspar.  Barrels  also  shows  tliat  round  the  masses  of  ker»Dtitp» 
ring  of  cliloritic  mica-bchist  hns  been  develo^^ed,  followc<l  outride  by  one  of  *pettw 
fi<'liis|.s.^ 


n][)ortaiit  contributions  to  our  knowledge  of  tiio  pWM"*? 
niotnmori)hism.  >  K.  A.  LowBD,  Z.  Deutich.  fitoL  Gm.  xxii.  ]877, »  »|^ 

'  .V.  Jahrh,  1870,  p.  742;  see  also  ZiiM,  Zeiimsk,  DenUA,  0fof.  Gt$.  xb.  (l^'^       A,^ 

"'Krehcrches  sur  Ics  Tcmfu  ■bAhi  dtt  Artorki  eft  da  la  Mko!  4«>^      K) 


LilK-,  1882.  f  H-' 
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LDotlior  adiuiruble  loculily  fur  tho  btiuly  uf  contact  metiiniorphitiiu  iu  the  cutitcru 
ge  8.  Roacnhusoli,  in  describing  the  phouumcna  there,  had  sliuwn  that  tho  unaltered 
•slates  are  grey,  brown,  violet,  or  black,  thinly  fbsile,  here  and  there  cur\'e(], 
iplcd,  and  crowded  with  kernels  and  strings  of  quartz.  Trucod  tow^urds  the  granite 
arr  Andl%u,  they  present  an  increasmgly  pronounced  nietamorphisin.^  First  they 
ue  a  spotted  appearance,  owing  to  the  development  of  BinuU  dark  points  and  knots, 
h  increase  in  size  and  number  towards  the  granite,  while  the  ground-mass  remains 
fcered  (knotcnschicfer,  fruchtschiefer).  The  ground-mass  uf  the  slate  then  becomes 
»r  in  colour,  harder,  and  more  crystalline  in  ap][>earunce,  ^vhilo  flakes  of  mioa  and 
tz-gniins  make  tlieir  appearance.  Tho  knots,  now  broken  up,  rather  increaso  than 
Bish  in  size ;  the  hardueziS  of  the  ruck  rapidly  increases,  and  tho  fissile  structure 
mes  unrecoguisuble  on  a  fresh  fracture,  though  ob^jcrvablc  on  a  weathered  surface, 
nearer  the  granite,  the  knot-like  concretions  dif^appear  from  the  rock,  which  tlien 
X)oome  an  entirely  crystalline  mass,  in  which,  with  the  lens,  small  ilakes  of  mica 
^Dsof  qtiartz  can  t>e  seen,  and  which  under  the  nticroscope  ap])enrs  as  a  thoroughly 
allino  aggregate  of  andalusite,  quartz,  and  mica.  The  pro])ortion8  of  tho  ingredients 
but  the  andalusite  and  qmirtz  usually  greatly  preponderate  (audalusite-sdiist). 
Qical  analysis  sliows  that  the  unaltered  clay-slnte  and  tho  crystalline  audalusite- 
t  next  the  gnmito  consist  essentially  of  similar  chemical  materials,  and  that 
bably  the  metamorphism  lias  not  taken  place  by  tho  addition  or  subtraction  of 
cr,  but  by  another  and  still  unknown  process  of  molecular  transposition.'*  -  In 
oases,  boric  acid  1ms  been  supplietl  to  the  schists  at  tho  contact.'  Still  more 
ing,  i)erhaps,isthe  condition  of  the  rocks  at  Rothau ;  they  have  become  homblendic, 
Jieir  included  corals  liave  been  replacetl,  without  being  distorted,  by  crjstals  of 
blende,  garnet  and  axiniti.* 

I  the  Christiania  district  of  soutliem  Norway,  singularly  clear  illustrations  of 

ietamoq)hism  of  sedimentary  rocks  round  eruptive  granite  have  long  1xK?n  known. 

If  has  shown  that  each  lithological  zone  of  the  Silurian  formations,  as  it  approaches 

anite  of  that  district,  assumes  its  own  distinctive  kind  of  metamorphism.    Tho 

tncs become  marble,  with  crystals  of  tremolite  and  idocriis^*.    Tho  ralcartr)n8  ami 

hales  arc  changed  into  hard,  almost  ja»iH'ry,  shales  or  Hhites;  tho  cemt-ut-stone 

in  tho  shales  appear  as  massos  of  garn»t ;  i\\v  sandy  strata  l)Ooome  hard  siliceoui 

li'alleflihta,  ja8p<;r,  hornntone)  or  (jimrtzit.- ;  the  nnn-oiIiMreous  black  ehiy-slato.s 

i^rted  into  chiustolite-HchistH,  or  graphitic  schifits,  but  oftrn  show  to  tho  eyo  only 

Iteration.    Other  shaly  beds  have  assuniod  a  fine  glimmorinfr  apix^aranct! ;  and, 

coroous  sandstone,  biolito  has  l>ecn  developed.    In  spite  of  the  nutanmrphiHin, 

icither  fossils  nor  stratification  have  bei-n  quite  obliterated  from  tho  ulttnd 

xxn  all  tho  stratigraphical  zones  fossils  have  been  found  in  tho  idtcrcd  ImIi, 

true  position  of  the  metamorphose<l  rooks  admits  of  no  doubt.^ 


Vrft.  1875,  p.  810.     "Die  Sleigerschiefer  und  ihre  Coiitaft-Zom-,'  Slro-vJiUi;/. 

er,  N,  Jalirhf  187C,  p.  785.  ,  .  ,.    . 

op.  eii.  p.  80tj.  »  Roscnbusch,  *Die  Stcigor-i.-huln.  A.r  ,  ]■  ^j.  ■ 

».  Mines,  5"«  se'r.  xii.  p.  J51S. 

vie  Norwegen:','  188<),  p.  75.    For  tho  literature  of  lli.*  N./iw.-iu    .ii«:.ii'' 

•,  Jahrh,  Geol,  JUictitaml.  ht^.  (1880)  p.  20.    Trot.   W.  <  .  JiJ-x- "  *' ■ 

tt  neks  of  the  zonos  of  contact  metamorphism  round  <  Iui-imhi;    . 

nnopiocxaniiimtion^and  has  publishe<l  a  hi;;hlyiiii|>'ii-i"««  u:.'i  m.u  i-  -i  . 

B  inbjfct  C*  Die  Silurischen  Etogen  2  und  3  im  Kiij-tiimi  i «..« i-i- '     I .  i  -' 

Ho  deacribes  ihe  unalteretl  and  altered  conditi«»nii  oi  ih.   m i-j- 

bar.<ls,  and  tinis  provides  new  material  for  tin-  iii\«  .-ii?.Mii.  ..  =  ..■  j 

Rspecittlly  interesting  are  his  descrijjtious  of  lb'   .ii-hi.-   •  ^ 

liund,  tho  remark;ibly  variable  amount  of  jili«i.«i.-     • 
iftanoe  of  recognisable  graptolites  evin    in   !«»•  ^     w.:      ...  i» 

Allinc,  the  transformation  of  limestone  in i/i  iuhm..-  .  •     ^  ■'  •        •  •"    '  •" 
poiBil  of  garnet,  partly  in  large  rhombii:  d•J«i«.^;a^l•.•tlvJ.    ^ :     i-"'--.*  »**  •* 
OrikU  ctdli'jrnmmun 
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8omo  important  obsorvatious  Lave  recently  been  made  by  Banois  at  Gnun^ne,        ^^r  - 
the  maritime  department  of  M  o  r  b  i  li  a  n,  where  Lower  Silurian  strata  baTO  been  inTad» . 


by  grauito.    Of  special  interest  are  the  effects  produced  upon  the  Bandstones 

scolithcs),  which  are  converted  into  micaceous  quartzites.    These  altered  xobks, 

further  inwards,  are  further  distinguished  by  the  development  in  them  of  silHmaTiiiBc   ^ffe> 

sometimes  in  sufficient  abundance  to  impart  a  foliated,  undulated,  gneisaoid  atni'^'^ 

At  the  contact  witli  the  eruptive  rock,  this  quartiite  shows  Teerystalliied  quartc* 

mica,  sillimauite,  cordieritc,  and  a  good  many  crystals  of  orthoolaae  and  pi 

besides  white  mica.     The  conglomerates  show   theur   matrix  altered  into  a 

oom]K)8cd  of  rounded  or  angular  grains  of  quartz,  united  by  abundant  wbita  iwrift-     ^(fo 

mica,  and  contiiiuing  some  crystals  of  zircon,  largo  plates  of  musoovite,  and  7tfL~^^_Jgnr 

granules  of  limonite.* 

One  further  European  example  may  be  citcil  from  the  observations  of  F.  E.  MQ^^Uer, 
who  has  dcscribod  round  the  granite  of  the  Henuberg  near  Lehestcn  in  the  Frank  ea. 
wald  tho  occurrence  of  knotted  schists,  chiastolitc-schist^,  knotted  mica-schiBts^  tnd 
andalusitic  mica-rocks.' 

The  same  phenomena  have  been  observed  in  many  other  parts  of  the  world.  One 

example  from  America  may  suffice  to  show  how  precisely  the  facts  oolleoted  in  the  Old 
World  are  repeated  in  the  New.  An  elaborate  examination  was  made  of  the  co^=ziiiBet 
inelaiiiorphiHiu  of  the  granite  of  Albany,  New  Hampshire,  by  the  late  Bfr.  fl —  .  W. 
Hawcf*.'  His  analyBOfl  indicato  a  syBtematio  and  progressive  series  of  changes  ii^^m  the 
Rchints  as  they  approach  the  granite.  The  rocks  arc  dehydrated,  boric  and  silicic  ^^EieiJi 
have  been  added  to  them,  and  there  appears  to  have  bc'cn  also  an  infusion  of  a  '^^^ 
directly  on  tho  contact.  He  regarded  the  schists  as  having  been  impregnated  by  Teiy 
hot  va])our8  and  solutions  emanating  from  the  granite. 

Summary  of  facts. — Tho  foregoing  examples  of  the  altera kion 

Buporindiiced  upon   Btratified  rocks  in  proximity  to  granite  or  o^^Bfchcr 

erni)tive  maHSos  might  be  largely  increased ;   but  they  may  8ufficei=3  to 

estttblish  the  following  deductions  in  regard  to  contact  metamorphis^^vu- 

1.  Cfroui)8  of  ordinary  sedimentary  strata  (sandstones,  oonglomer^^s**** 
shales,  limestones,  <fec.),  where  they  have  been  pierced  by  granil 
other  plutonic  rock,  have  undergone  an  internal  change,  whereby 
usual  lithological  charactei*s  have  been  partially  or  wholly  oblitei 
This  alteration,  however,  is  not  always  observable  at  the  contac 
intrusive  masses,  and  we  do  not  yet  know  the  precise  conditions 
have  determined  its  development. 

2.  'J'lie  distance  to  which   the  change  extends  varies  within 
limits,  being  in  some  cases  scarcely  traceable  for  more  than  a  few 
in  others  continuing  for  two  miles  or  more.     The  subterranean  sui 
of  tlio  plutonic  rock,  however,  being  unknown,  it  may  frequently 
nearer  tlie  surface  of  the  ground  than  might  be  supposed.    Detac::^^^ 
minor  areas  of  metamorphism  may  thus  be  connected  with  erup  -^ti^ 
bosses  which  liave  not  yet  been  laid  bare  by  denudation. 

3.  As  tho  alteration  increases  in  intensity  with  greater  proximit^^y  ^ 
tho  plutonic  rock,  it  must  be  regarded  as  a  result  of  the  protrusion  of  ^^*^* 
rock.  But  there  occur  exceptional  areas  or  bands  which  have  under^^^^ 
a  minor  degree  of  change  even  in  the  midst  of  highly  altei-ed  portioir^^  ^ 

»  Ann.  Soe.  Geol  Nord,  xi.  (1884),  p.  103.    Compare  also  the  early  obaervatii^r^  ^ 
Puillon-Boblayo  regarding  trilobites  and  orthids  in  ehiastolite  slates,  Oomptei  vtmS^^V: 


(1838)  p.  108,  recently  confirmed  by  the  Comto  de  Limur,  Bull  Soc.  Geol,  France  (3) 
(1885)  p.  55.     «  Neues  Jahrh,  1882  (2)  p.  205.     »  Amer.  Jouriu  Set  xxL  (1881)  p.  i 
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4.  The  oharaoteT  of  the  metamorphism  depends  fundamentally  upon 
the  oomposition  and  texture  of  the  rock  on  which  it  has  been  effected. 
Sandstones  have  been  changed  into  quartzite;  siliceous  schists  into 
homstone,  Lydian-stone,  &c. ;  clay-slates  into  spotted  schists,  chiasto- 
lite- schists,  mica-schists,  &c. ;  argillaceous  greywacke  and  grej-wacke- 
slate  into  *'  knotenschiefcr,"  mica-slate,  and  gneiss ;  limestone  into  ganiet, 
hornblende  and  other  minerals.  Alternations  of  distinct  kinds  of  sedi- 
mentary strata,  such  as  slate  and  sandstone,  are  represented  by  distinct 
alternating  metamorphic  bands,  such  as  quartzite  and  mica-schist. 

5.  In  some  cases,  the  transformation  of  a  thoroughly  clastic  rock  (clay- 
date,  greywacke,  grey wacke-slatc,  or  flagstone)  into  a  completely  crystal- 
lino  one  (andalusite-schist,  mica-schist^  gneiss)  has  been  effected  with 
little  or  no  altei'ation  of  the  ultimate  chemical  composition  of  the  mass. 
In  other  cases,  a  perceptible  alteration  in  the  proportions  of  the  chemical 
ingredients  is  traceable.^  The  development  of  a  crystalline  structure 
can  be  followed  through  intermediate  stages  from  ordinary  sedimentary 
rock  to  thoroughly  crystalline  schist,  remains  of  fossils  l)eing  still 
observable  after  considerable  progress  lias  l^een  made  towards  tlio  com- 
pletion of  a  crystalline  rearrangement. 

6.  Not  only  does  the  crystalline  character  increase  towards  the  limit  of 
Contact  with  the  eruptive  rock,  but  it  is  accompanied  with  a  j)rogressivo 
development  of  foliation,  the  minerals,  more  esi^ecially  the  mica, 
orystallizing  in  folia  parallel  either  with  the  original  stratification  of  the 
olastic  mass  or  with  cleavage  surfaces,  should  these  be  its  dominant 
divisional  planes.^  Along  the  line  of  contact  with  granite,  the  foliation 
is  sometimes  excessively  crumpled  or  puckered,  while  here  and  there 
"Uie  foliated  structure  disappears  and  the  rock  assumes  a  lithological 
oliaractcr  closely  approximating  to  that  of  granite. 

7.  The  phenomena  of  alteration  observed  round  intrusive  masses  of 

sach.  rocks  as  diabase  and  basalt  undoubtedly  point  to  the  heat  of  the 

tsruptive  rock  as  their  prime  cause.     Those  that  occur  round  the  deeper- 

cieated  bosses  of  granitic  rocks  have  probably  involved  other  influences 

^lian   mere  heat ;    they  so  closely  resemble   those  of  regional  meta- 

xnorphism  as  to  suggest  modifications  of  one  common  cause  for  them 

>)oth.     In  any  case,  mere  dry  heat  would  probably  have  been  ineffective 

-for  the  production  of  the  more  marked  phases  of  contact-metamorphism. 

It  was  accompanied  by  the  co-operation  of  water,  either  already  present 

interstitially  in  the  sedimentary  rocks,  or  supplied  to  them  from  the 

eruptive  masses,  and  operating  under  considerable  pressure.     Moreover, 

the  intrusion  of  large  bosses  of  eruptive  rock  not  improbably  gave  rise 

to  mechanical  movements  in  the  surrounding  parts  of  the  crust,  and 

'  This  is  specially  noticeable  in  the  proportion  of  silica,  which  is  sometimes  found 
to  be  largely  increased  in  the  altered  zone,  either  by  an  absolute  addition  of  this  acid, 
or  by  eolation  and  removal  of  some  of  the  bases.  See  Kayser,  Z.  Deutfch.  Geol.  Qe», 
xxiL  p.  153.  The  development  also  of  such  minerals  as  tourmaline  suggests  that  boric 
and  other  acids  have  been  introduced  into  the  rocks. 

«  In  the  south  of  Scotland  the  foliation  round  the  granite  bosaci  is  coincident  with 
Biratification ;  round  Skiddaw,  with  cleavage. 
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thereby  stimulated    crystallino    re-arrangementB,   sucli    as    have 
doubtodly  l)een  generated  by  omBhing,  plication  and  other  moTemen 
iu  areas  of  regional  metamorphism. 

§  iii.  Regional  (Normal)  Metamorphism. 

From  the  phenomena  of  metamorphism  round  a  central  boss  of 

eruptive  rock,  we  now  pass  to  the  consideration  of  cases  where  t'-^z^^e 
metamoi-phism  has  affected  wide  areas  without  visible  relation  to  enKL.Hntp. 
tive  matter.  It  is  clear  that  only  those  examples  are  here  adiiiiiiiiiM  _ble 
in  evidence,  where  there  is  distinct  proof  that  what  are  called  met^ 
morphia  rocks  pass  into  masses  which  have  not  been  metamorphoc^ 
but  which  present  the  recognisable  original  characters  either  of  si 
or  of  massive  rocks. 

In  the  study  of  this  difficult  but  profoundly  interesting  gcologi  ^^B  ical 
problem,  it  is  desirable  to  begin  mth  the  examination  of  rocks  in  wh  ^^ciich 
only  the  slightest  traces  of  alteration  are  discernible,  and  to  foll^CUow 
the  gradually  increasing  metamorpliism,  until  we  arrive  at  the  inK=anoet 
perfectly  developed  crystalline  schists.  It  is  the  earliest  stages  wh^cz-aicli 
are  of  most  importance,  for  it  is  there  that  the  nature  and  proofs  of  ^the 
changes  can  best  be  established. 

A  fciMo  but  distinct  trace  of  metamorphism  is  indicated  byab^czLonm- 
dant  veins  of  quartz  and  calcite,  which  t(iLl  of  a  copious  penetrationj^czii  l)y 
water  charged  with  mineral  solutions.  Where  strata  have  nnderg^gESgone 
considerable  disturbance,  in  particular  where  they  have  been  thrc^^^'^owii 
into  frequent  folds,  and  now  appear  in  vertical  or  highly  indi-^S::  in^ 
positions ;  still  more,  where  the  lateral  compression  has  been  so  gmr  ^grwt 
as  to  superinduce  a  cleavage-structure  in  them,  traces  of  a  crystair  -KTlline 
rearrangement  of  their  chemical  constituents  may  very  gencrally*^^^  ^ 
observed.     The  extent  and  character  of  the  alteration  depend  in  -  *^® 

fii-st  place  upon  the  original  ccmstitution  of  the  rock,  and  in  the  Beccz^-^cond 
place  upon  tht.^  energy  of  the  metamorphic  agents.  Certain  rocks 
alteration.  Pure  siliceous  sandstones,  for  example,  become 
but  advance  no  further,  though  occasionally,  under  intense  strain,  C 
particles  are  drawn  out  into  a  somewhat  schistose  arrangement.  " 
where  argillaceous  elements  are  present,  particularly  where  they  are 
chief  constituents,  some  form  of  mica  almost  invariably  appears,  wl 
new  minerals  and  structures  may  be  developed  in  progressively  inci 
abundance,  till  the  rock  assumes  the  character  of  a  true  crystalline  sctff^^*"f** 
In  1871  Zirkel  showed  that  the  clay-slates  of  the  disturbed  Silurian  and  Dcvo^r:^"^"^" 
tracts  of  ccutral  Europe  coiitaiQ  minutu  microscopic  needle-shaped  microliths. 
siilcrablc  diversity  of  o])inion  has  arisen  ns  to  the  nature  of  tliese  rudimentary  cry"^ 
lizations.  They  hiivo  been  regarded  as  microliths  of  hornblende,  mtile,  cpidotec^ 
More  recently  they  have  been  carefully  isolated,  extracted,  and  analysed  by  E.  Kalkom* 
who  re^^trds  them  as  staurolit<>,  constituting  from  two  to  fire  per  cent,  of  the 
The  whet-slate  of  Belgium  has  been  found  by  Rennrd  to  be  characterised  by 
2)resenco  of  abundant  garnets.  Microscopic  tourmaline  and  mtilo  likewise  occur 
olay-slutes.   No  one  would  class  as  metamorphic,  the  rocks  in  which  these  microliths  i 

*  Neuiii  Jahrh,  (1879)  p.  382. 
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1  yet  tbe  prosenoe  in  them  of  mioroeoopic  mioroliths  and  crystaLt  shows  that  they  have 
lorgoiie  lome  of  the  initiatoTy  stages  of  metamorphism,  by  the  deyelopment  of  now 
DMals.  All  that  ia  known  of  the  probable  origin  of  theso  minerals,  negatives  the 
ipoBition  that  they  eoold  have  been  formed  in  the  original  sediment  of  the  sea- 
ton  on  which  the  organisms  entombed  in  the  deposits  lived  and  died.  For  tlieir 
idaoiioo,  a  temperatnie  and  a  chemical  composition  of  the  water  would  seem  to  have 
m  required,  snch  as  most  have  been  inimical  to  the  co-existence  in  the  same  water  of 
ih  highly  (nrganised  forms  of  life  as  brachlopods  and  trilobites. 
One  of  the  moat  marked  of  the  early  stages  of  regional  metamorphism  is  characterised 
tlie  appeaaranee  of  fine  scales  of  some  micaceous  mineral  (muscovite,  biotite,  ^.)*  As 
Me  micaceous  constituents  increase  in  number  and  size,  they  impart  a  silky  lustrous 
leot  to  tlie  surfaces  on  which  they  lie  parallel  (sericite).  In  many  cases,  these  surfaces 
I  probably  those  of  original  deposit,  but  where  rocks  have  been  cleaved  or  sheared, 
»  mica  ranges  itself  along  the  planes  of  cleavage  or  shearing.  The  Cambrian  tuffis  of 
nth  Wales,  of  which  the  bedding  still  remains  quite  distinct,  present  interesting  ex- 
iples  of  the  development  of  a  mica  along  the  laminaB  of  deposit^  The  Dingle  beds 
Cork  and  Kerry,  on  the  other  hand,  have  been  subjected  to  cleavage,  and  the  mica 
pears  akmg  tlie  cleavage  planes,  which  luwre  a  lustrous  surface.  The  Gambrian  and 
wer  Silurian  sandstones  and  shales  of  north-west  Scotland  show  a  development  of  mica 
m%  the  surfaces  of  the  shearing-planes. 

Ardennes. — ^As  far  back  as  1848,  Dumont  published  a  description  of  the  Belgian 
dennes,  in  which  he  showed  that  a  zone  of  his  '*  terrains  ardennais  et  rh^non,'*  had 
dezgone  a  remarkable  metamorphism.  Sandstones,  in  approaching  this  zone,  were 
aaformcd,  he  said,  into  quartzites,  and  by  degrees  passed  into  rocks  characterised  by 
y  pieeence  of  garnet,  hornblende,  and  other  minerals ;  the  slates  (phyllades)  gradu- 
id  into  dark  rooks,  in  which  magnetite,  titanite,  and  ottrelite  had  been  dovebped. 
i  the  foBsilifeious  character  of  the  strata  thus  metamorphosed  had  not  been  destroyed, 
flpeeimens  showing  a  gradation  from  a  grit  to  a  compact  garnetiferous  and  homblendio 
artzite,  Prof.  Sandberger,  to  whom  they  were  submitted,  recognised  the  presence  of  tho 
o  Devonian  shells,  Spirifer  maeroj^leruB  and  CfioneieB  Mroinulatut,  *'  The  garnets  and 
)  foeails  are  associated  in  the  same  Bi>ccimcn,"  lio  wrote,  adding,  '*  who,  after  this,  can 
sitate  to  admit  tliat  the  crystal] ino  schists  and  quartzites  of  the  HundsrUck  and 
unuB  are  likewise  motamori)hosed  Taunusian  rocks  ?"  - 

In  1882  M.  lienani,  fortified  witli  the  resources  of  modem  ix>trography,  renewed 
3  examination  of  Dumont's  metamorpliic  area  of  tho  Ardennes,  and  conclusively 
abliahed  the  accuracy  of  all  the  main  facts  noticed  by  tlio  earlier  observer.  Not  only 
the  geological  structure  of  this  region,  and  tho  occurrence  of  recognisable  fossils,  show 
at  the  rocks,  now  transformed  into  more  or  less  crystalline  masses,  were  originally 
rta  of  the  ordinary  series  of  Devonian  sandstones,  grcywackes  and  shales,  but  the 
Icroecope  comes  in  to  confirm  this  conclusion.  The  original  clastic  grains  of  quartz 
d  the  diffused  carbonaceous  material  of  the  unaltered  strata  can  still  bo  recognised  in 
eir  metamorphosed  equivalents.  But  there  have  been  developed  in  them  abundant 
w  minerals,  garnet  (1  to  2  mm.),  hornblende,  mica,  titanite,  apatite,  bastouite,  ottrelite.' 

'  -  -  -  — 

■  Q,  J.  Oeol  Soc,  xxxix.  (1883)  p.  310.  »  A'eik^  Jahrh.  (1861)  p.  677. 

'  Bonard  {Bull.  Mm.  Roy.  Belgique,  i.  (1882)  p.  14)  estimates  tho  components  of  one 
theae  altered  rocks  to  be — 

Graphite 4-80 

Apatite 1*51 

Titanite 1*02 

Oarnet 4*14 

Mica       ......     20-85 

Hombleudo     .         .         .         .         .         .37-62 

Quartz    ....  .         .     30-62 

Water 1-32 

101- ES 
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Dnmont  apfjoara  to  hare  believed  that  the  metaniorplium  whieh  he  had  traeed  » 
well  in  the  Anlennes  vas  to  be  attributed  to  the  influence  of  nnderiying  rmiw  of 
eruptive  rockn,  thuii?h  he  frankly  admitted  that  the  metaniorphisin  ia  Itm  marked 
where  eruptive  vcioa  have  made  their  appearance  than  where  they  haTe  not' 
3L  Brnunl,  Lowevt;r,  prnuta  out  that  eruptive  rock«  are  really  abaent,  and  that  the 
nddociatlou  of  mineraU  proTea  that  the  metamorphosed  rocka  oonld  not  have  been 
i»<^fftened  by  a  high  temperature,  aa  supposed  by  Dumont,  otherwise  the  aimnltanBOM 
preii^;nce  of  graphite  and  silicates,  with  protoxide  iron  bases,  such  aa  miea,  ban- 
blende,  &c.,  would  certainly  have  given  rise  at  least  to  a  partial  prodiKtioQ  of  metsUie 
iron.  He  connects  the  metamorphism  with  the  mechanical  movementa  which  the  mb 
liavc  un<lergone  alooj;  the  altenvl  zone.* 

T  a  u  n  u  s. — ^A  itimihr  example  of  regional  metamorphism  extends  into  the  tracts  of  the 
Taunuji  and  Hund>riiok.    In  1S67  K.  A.  Losden  published  an  elaborate  memoir  oa  the 
structure  of  the  Tauiius,  which  is  nuw  of  classic  interest  in  the  history  of  opiuioi 
n.-gardiug  mf.tamorphism.''    He  sh«^iwed  that  U-low  the  middle  Dev'onian  limvatooe,  tlH> 
usual  lower  Devonian  slates,  greywackes  aud  quartzites  rise  to  the  anrfaoe,  but  tbst 
these,  traced  soutliwards,  pass  gradually  into  various  cr}'stalline  schista.    Among  these 
schists,  he  distinguished  sericite-gneiss,  aiica-schist,  phyllite,  knotted  achist>  aogite* 
^ehitft,  sericite-lime-pliyllite,  qnartzite  and  kiesel-schiefer.     As  intermediate  giadei 
In-twcon  tXufH'  rrystnlline  masses  and  the  oidinar>' clastic  strata,  he  observed  qusiti- 
f-'in;;louieratC'H,  with  a  cr>-staIUne  schistose  matrix,  or  with  albite  crystals,  aud  qnarizitis 
with  sericite  or  mica,    lie  concluded  that  while  these  crystalline  rooks  present  tbo 
ni"Ht  crimplete  analogies  with  those  of  tho  Alps,  Sili^sia,  Brazil,  &c.,  thoy  are  yet  so 
intimately  Ijound  up  alike  petrographically  and  stratigraphically  with  strata  containing 
I>L-vouian  fossils,  and  into  which  they  pass  by  semi-crystalline  varieties,  that  they 
must  be  considered  as  of  Devonian  age.    Subsequently  K.  Koch  proposed  to  r^gaid 
the  crystalline  schists  of  the  Taunus  as  Cambrian  (UuronianV  uud  they  havo  been 
indicated  on  the  Geological  Survey  map  as  Cambrian  or  Silurian.    But  the  fact  thsts 
cjuformablv  sequence  can  lx>  traced  from   undoubted  fossiliferous  Devonian  ttitts 
(lifwnwanls  into  these  cr}'&tulliuc  schists  makes  it  immaterial  what  stratigraphical  nuue 
may  be  ajiplied  to  them.    They  are  almost  certainly  Devonian,  as  Los?en  descriM 
tlicm,  aud  in  any  case,  they  are  unquestionably  the  metamorphosed  equivalents  of  wbst 
an-  elsewhere  orJiuur}*  sedimentary  strata. 

Scandinavia  is  mainly  composed  of  crystalline  schists  which  havo  been 
generally  assigned  to  the  Archeean  systii-m.  That  some  portions  of  them  cannot  bcof  ta 
ancient  a  date  was  shown  some  years  ago  by  Tornebuhm  in  the  uplands  of  Svidtu 
More  recently  similar  deductions  have  been  drawn  from  a  study  of  the  devcloiimcnt  of 
the  nx-ks  in  Norway.  At  the  Uardanger  Fjord  the  following  order  of  succession  ^^ 
established  in  1875  and  1877  by  W.  C.  Brogger:*— 

Crystalline  schists  (diorite-schists,  hornblende-schists,  gametiferous  mica- 
schists,  true  gneisses,  &c.),  the  whole  series  becc^ming  more  aud  more 
crystalline  towards  tlio  higher  beds. 
Greenish  micaceous  schists  '.  phyllites).    This  and  tlie  overlying  gi\>up 

must  Ikj  si'veral  thousiiud  feet  thick. 
Impure  wliite  marble  (proUiby  orthoceratite  limostime)     .         .         .        .      30  It 

Blue  quartz-sandstone 10*'- 

Bla<»k,  little  altered  alum-schist,  with  Dictyograptus  band         .         .         .     LW  - 

This  section  confirnMMl  tho  early  conclusion  of  yaumann  that  the  great  ecrirt  fi 

'  Kiimnl,  op.  rit.  ]>.  :{4.  s  Op.  n't.  p.  .T7. 

*  *  GeognoHtischo  Beschreibung  der  linksrheinisclicu  Fortsetznng  des  Tauuu*,'Af' 
/.  DnitHrh:  (i,ol.  GV*.  xix.  (18G7)  p.  509. 


ronv 


<  See   Lrto.-ien's  reply,   Z,  DtuUch.   G*^ol    (,'«>.   xxix.   (1877)    p.   :U1.     He  arciw** 
vinringly  against  the  supposition  that  tliese  ojin  Ix?  original  chemical  deposit"'  rf 

f'ltMibrian  age.     ^Sce  also  Kenard,  Hull.  Muf.  linif.  Jhhj.  i.  p.  31,  no(f.) 

*  *  Die  Silnrischen  f:tngcn  2  und  3  im  Kri>tiania  Gebiet,*  p.  3o2.    The  SwdlisJi 

work  i>f  Tomebohm  is  referred  to,  ixjiUa,  pp.  r)86,  ^MH, 
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crystalline  schists  of  the  Xorw^iau  uplands  was  younger  than  the  Silurian  stage  2  in 
the  GhziBtiania  district.  Subsequently  IL  H.  Beusch  obtained  from  the  Bergen 
district  additional  proof  of  the  Silurian  age  of  the  crystalline  rocks  of  that  part  of 
Korway.^  He  found  among  masses  of  mica-schist,  homblende-sclust,  gneiss  and  other 
eijstaUine  rocks,  intercalated  bands  of  conglomerate  which,  while  obviously  of  clastic 
orig^  have  undergone  enormous  compression,  the  pebbles  being  squeezed  flat  and  the 
pt«te  having  become  more  or  less  crystalline.  The  occurrence  of  such  bands  suggests 
A  sedimentary  origin  for  the  whole  series  of  deposits.  But  from  numerous  localities  he 
obtained  fossils  which  have  been  recognised  as  undoubtedly  Upper  Silurian.  Some  of 
the  fossils  occur  in  a  crystalline  limestone,  which  is  intercalated  in  a  dark  lustrous 
phyllite.  But  they  are  found,  as  casts,  most  abundantly  in  a  light-grey  lustrous 
micaceous  schist,  which,  under  the  microscope,  is  observed  to  be  composed  in  largo 
measure  of  quartz,  not  having  a  fragmcntal  aspect,  with  mica,  rutile  and  tourmaline. 
The  foBsUs  recognised  compriso  Phacopsj  CkUymenet  several  undeterminable  gastcropods 
and  bjachiopods,  Cyaihophyllum,  Ualysitei  ctUentUariay  Favositei,  liasirites,  MoHograjpiWf 
and  scnne  others. 

Aooording  to  Beusch  the  sequence  of  rocks  is  continuous,  and  their  thickness  must 
be  at  least  16,000  feet.  If  we  suppose  that  the  fossiliferous  zones  have  been  brought  into 
an  older  series  by  plication  of  the  crust,  the  fact  remains  that  tlie  rock  in  which  most  of 
the  foasilB  occur  is  itself  a  micaceous  schist,  like  those  among  which  it  is  imbedded, 
and  therefore  a  metamorphic  rock.  It  is  consequently  proved  that  part  at  least  of 
the  metamorphic  rocks  of  Norway  are  of  Silurian  age,  and  are  associatcil  with  proofs 
of  great  mechanical  movements  in  the  crust  of  the  earth. 

Th  e  Al  p s. — ^lu  the  geological  structure  of  the  central  Alps,  crystalline  schists  play 
an  important  part  Originally  these  rocks  were  regarded  as  one  series,  of  much  more 
ancient  date  than  the  ordinary  sedimentary  formations,  and  of  very  different  origin. 
The  disoovery  of  Silurian,  Devonian,  Carboniferous  and  Jurassic  fossils  in  the  schists 
and  altered  limestones  surrounding  the  central  gneiss,  led  to  the  belief  that  these  are 
metamorphosed  sedimentary  rocks  of  Palieozoic,  Mesozoic,  and  even  of  older  Tertiary 
date.  This  belief  has  subsequently  been  attacked  by  several  able  observeis,  who, 
starting  with  the  assumption  that  the  crystalline  schists  must  be  everywhere  of  great 
relative  antiquity,  have  endeavoured  to  show  that  the  fossiliferous  bands  intercalated 
•moDg  them  have  been  brought  into  this  position  by  plication,  and  that  there  is  no 
evidence  that  any  part  of  the  schists  la  even  of  Palseozoic  age'  Now  it  must  be  admitted 
that  in  the  sections,  even  as  drawn  by  those  who  adopt  this  explanation,  the  obvious  and 
natural  interpretation  is  that  which  has  been  so  generally  adopted — that  the  fossiliferous 
beds  are  actually  part  of  the  crystalline  series  in  which  tliey  are  imbedded.  If  the 
apparent  order  is  deceptive,  this  must  be  proved  by  those  who  maintain  it.  If,  however, 
we  turn  to  their  writings  we  find  a  good  deal  of  strong  assertion,  and  various  more  or  less 
ingenious  attempts  to  construct  sections  in  which  the  abnormal  position  of  the  fossili- 
ferous beds  is  to  be  accounted  for.  It  docs  not  appear  to  be  realised  that  on  the  supposi- 
tion of  the  high  antiquity  and  original  discordant  infraposition  of  the  schists,  the  chances 
are  small  that,  in  any  plication  of  the  mountains,  the  unconformable  fossiliferous  strata 
would  become  conformably  stratified  with  the  schists  even  at  one  locality.  But  when 
we  look  at  the  publiBhed  sections  of  the  Alps,  and  find  that  the  parallelism  between  the 
schists  and  the  enclosed  fossiliferous  bands  occurs  again  and  again  at  widely  separated 


»  '  Silurfossiler  og  Pressedo  Konglomerater  i  Bergensskifrone,'  Christiania,  1882 ;  or 
Ihc  same  work  translated    into  German  by  R.   Baldauf.     *  Die  Fossilien-fuhrenden 


40-42; 

Bhinc ' 

(1867)  chaps,  xxi.  xxiv.^xxv. :  A.  MuUer,  Mem.  Soc,  cPHM,  Sat  Bule,  18G5-70.  On 
the  crystalline  schists  of  the  Western  Alps  see  Lory,  Bull.  Soc.  Gtol.  France,  ix.  (1881) 
p.  652.  See  also  Sismonda,  J?eaf.  Acad,  Set.  Torin.  (2)  xxiv.  (18(kJ)  p.  383 ;  Sterry  Hunt, 
*Chem.  VjmjBy*  pp.  283,  328. 
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localities,  and  that  iu  fact  this  is  tlicir  normal  position,  it  becomes  utterly  incredible 
that  tlio  conformability  can  be  tho  result  of  plication,  except  on  the  Buppootion  that 
the  foliation  of  the  schists  is  not  their  original  structure,  but  a  new  one  saperinduoed 
upon  them  at  the  time  of  the  plication  and  mctamorphism  of  the  foesOlferoiu  strata.^ 

Let  us,  howoTor,  grant,  for  the  sake  of  argument,  that  the  ooncoidanoe  is  ererywherft 
deceptive,  end  that  between  tho  schists  and  the  fossiliferous  series  of  f<»inations  there 
is  really  a  great  hiatus.     Wlien  the  fossil-bearing  hntercalations  are  examined  ibej 
are  themselves  found  to  bo  metamorphosed;   but,  being  for  the  most  part  daik 
anthmcitic  bonds,  they  have  undergone  less  alteration  than  the  adjacent  schists.' 
But  that  they  havo  been  seriously  changed  cannot  be  denied.    The  oxtraotdioaiy 
vray  in  which  many  of  tho  plants  in  the  Alpine  Carboniferous  rocks  have  been 
distorted  indicates  tho  enormous  shearing  which  the  rocks  have  undergone.'    At 
Voriiuyaz,  near  Martigny,  the  Carboniferous  strata  can  hardly  be  sepamtod  from 
the  schists  * ;  and,  indeed,  had  Carboniferous  plants  not  been  found  in  them  the  idea 
would  probably  never  liave  occurred  to  any  one  to  draw  a  line  between  them.    At  the 
well-known  locality  of  Petit  C<Bur,  tho  plants  so  abundantly  and  admirably  precerred 
in  black  schist,  have  had  their  original  substance  replaced  by  a  white  hydrous  mica.* 

But  the  most  detailed  investigation  yet  made  of  the  geotectonio  and  petrographioal 
relations  of  any  of  these  intercalated  Carboniferous  bands  was  that  carried  out  in  1882 
by  Mr.  Stur,  Vice-Director  of  the  Austro-Hungarian  Geological  Survey,  and  Baron  Ton 
Foullon.*  On  the  northern  border  of  the  Slyrian  Alps  near  licoben  a  group  of  crystal- 
line schists  10,000  to  18,000  feet  thick  reclines  stei^ply  (but  it  is  said  conformably) 
Dgainbt  gneiss.  It  consists  of  phyllite-gneiss,  mica-schist,  and  chlorito-schist,  with  four 
bands  of  dark  graphitic  schist  and  one  or  two  seams  of  limestone.  The  plant-bearing 
graphitic  scliist  is  full  of  plant-remains  (Calamites  raniotti*,  PeeopUrU  loneftifMH, 
T/f^i(Jo(hndronphlegmaria,  &c.).  The  association  of  plants  and  the  oocurrenoe  of  bands 
of  grnpliite,  representative  doubtless  of  former  beds  of  coal,  indicate  that  these 
carlx)naccous  rocks  l)elong  to  tho  well-known  Schatzler  group  of  the  lower  Goal-series  of 
Silesia.  Tho  whole  succession  of  schists  of  which  these  plant-bearing  beds  are  members, 
forms  one  continuous  group,  whicli  Stur  recognises  as  traceable  for  a  long  distance  along 
the  northern  margin  of  the  central  range  of  the  north-eastern  Alps.  He  insists  that  this 
group  of  scJiists  cannot  be  the  result  of  original  chemical  deiwsition,  but,  on  the  oontraiy, 
that  it  is  sliown,  by  a  great  series  of  facts,  to  be  the  metamorphosed  equivalent  of  what, 
elsewhere,  arc  unaltered  ('arl>oniferou8  strata.  Tlic  distortion  of  tho  fossils,  whidi 
proves  that  the  rocks  have  behaved  like  plastic  masses  under  tho  strain  of  mountain- 
making,  tlie  alteration  of  their  substance  into  anthracite  or  graphite  and  its  replaooment 
by  micaceous  silicates,  arc  evidence  of  a  serious  mctamorphism.  On  the  other  hand,  the 
occurrence  of  unaltered  plant-bearing  Carboniferous  rocks  elsewhere  in  the  Alps  shows 
that,  as  usual,  the  mctamorphism  has  not  been  everywhere  equally  intense.  8tur 
concludes  that  thero  is  now  every  encouragment  to  search  for  fossils  in  tho  schist 
envelope  of  the  central  Alpine  gneiss.' 

*  Sec  this  structure  illustmted  by  that  of  north-west  Scotland,  jXMrfett,  p.  $75. 

'  It  is  well  known  that  carbonaceous  beds  can  be  recognised  across  zones  of  ooutact- 
nietamori^hism,  when  the  normal  characters  of  tho  ordinary  strata  above  and  below  them 
have  been  <lestroyed.  This  is  well  seen  in  the  case  of  tho  black  graptolitlc  shales  of  the 
south  of  Scotland  and,  still  more  strikingly,  of  Christiania.  See  Biugger's  memoir 
cited  on  p.  5G5. 

'  See  Heer  s  '  Flora  Foasilis  Helvetia) '  (Stoinkohlcu  Flora),  plate  iv.  fig.  1 ;  v.  figs. 
1,  3  ;  viii.  figs.  1,  2 ;  xiil  fig.  1,  &c. 

*  Favre,  *  Bechcrches  geol.'  ii.  p.  351.  Tho  same  foot  is  admitted  by  Lory  to  be 
often  true  elsewhere  {Bull  Soo.  Gtol  France^  ix.  (1881)  p.  G53.) 

*  Favre,  op.  cit.  iii.  p.  192. 

«  JahrK  Gcol  Beichmngt,  xxxiil  (1883)  pp.  189,  207.  See  also  Toula,  VerJL  (SM. 
Btichsamt.  1877,  p.  240. 

'lie  had,  many  voars  before  this,  announced  his  belief  that  the  schistose  cnTolopo 
C»S'ci2ifferhiilIe)  of  tlic  Alps  proMAy  "te\>T^ttftivU  Poleeozoio  rocks.    Stache»  in  1874, 
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Btton  TonFoaUoii  describes  the  petrographiail  characters  of  the  yarious  members  of 
the  gionp  of  schists  in  which  the  plants  occar  near  Leoben.    As  to  the  thoroughly 
oiystoUine  ohancter  of  the  phyllite-gnoiss,  mica-schist,  &c.,  there  can  bo  no  dispute. 
It  will  be  enough  here  to  refer  briefly  to  the  constitution  of  the  graphite-schist  in  whicli 
the   plsnts  occor.     Hand-specimens  present  a  dull  fracture,  on  which  none  of  the 
oomponenisy  except  the  graphite,  can  be  recognised,  tliongh  sometimes  they  show  a 
§preeiiish  fibrous  asbeetifonn  mineral.    In  thin  slices,  tlie  rock  is  seen  to  be  composed  of 
quarts  giains,  chloritoid,  an  asbestos-like  substance,  and  a  mica,  with  abundant  **  clay- 
slate  miczoliths,"  and  diffused  carbonaceous  mattiT.    It  resembles  the  mica-chloritoid- 
•cliists  of  the  Tannus.    Some  of  the  chloritoid- schists  or  ([uartz-phyllites  associated  with 
^hia  plant-bearing  band  are  also  grapliitic.    Petrognipliical  investigation  thns  concurs 
wfith  the  stratigraphical  eyidence  to  prove  that  a  large  tract  of  the  crystalline  schists 
of  the  north-eastem  Alps  are  metamorphosed  Carboniferous  rocks. 

The  Silnrian  rooks  whioh  in  the  eastern  Alps  are  greywacke  and  slate  become  more 
«nd  more  orystalline  as  they  are  followed  westwards.  The  Liassic  shales  become  mica- 
csised  towards  the  central  mountains,  the  fossils  by  degrees  disappear,  and  the  limestones 
suanming  a  jointed  aspect,  finally  pass  into  a  completely  crystalline  condition.  In 
Ue  Yand  Alps,  the  belemnites  of  the  middle  Oxfordiaii  shales,  gradually  disappear  in 
'pvoportkm  as  the  rock  becomes  more  schistose,  till  at  the  Diablcrets  it  is  an  almost 
^srystalline  sericitic  schist.^  The  Eocene  strata,  also,  uhdcr  intense  compression,  have 
caasnined  the  character  of  slates,  which  are  worked  for  economic  purposes.^ 

So  fur,  therefore,  from  being  entirely  an  Archroan  scries,  the  crystalline  schists  of  the 
.^Ipe  can  be  demonstrated  to  consist  of  metamorphosed  Palieozoic  rocks  along  their 
oater  border.  How  fur  towards  the  centnd  mass  of  the  mountains  they  are  of  Palsozoio 
^kge  has  yet  to  be  determined.  As  the  rocks  become  more  and  more  crystalline  in  that 
«3irectimi  it  may  not  always  be  possible  to  define  the  base  of  the  altered  Pa1a)ozoic  rocks. 
rrhat  there  isa^incleus  of  Archfoan  gneisses  is  highly  probable;  but  its  existence  and 
limits  must  be  proved  by  stratigraphical  evidence.^ 

Scottish  Highland s. — In  geological  structure, Scotland  presents  three  parallel 
aones,  which  cross  the  island  from  south-west  to  north-east.    The  soiithenimost  of  these 
consists  chiefly  of  greywacke,  grit,  and  shale,  with  some  thick  lenticular  seams  of  lime- 
stone in  the  south-western  part  of  the  area.    These  rocks  have  yielded  an  abundant 
«nite  of  orgjinlc  remains,  which  prove  them  to  be  of  Lower  Silurian  age.    They  have 
Ijcen  plicated  into  innumerable  anticlinal  and  synclinal  folds,  often  sharp  and  steep, 
"Slot  infrequently  reversed  (p.  o02).    The  general  persistent  direction  of  the  axes  of  these 
Jblds  is  N.E.  and  8.W.,  and  as  the  tops  of  the  arches  have  been  greatly  denuded,  the 
Qilarian  belt  appears  to  be  made  up  of  a  vast  thickness  of  vertical  or  highly  inclined 
strata.    The  central  zone  of  the  country,  consistiui?  of  OM  Red  Sandstone,  Carboniferous, 
mnd  Permian  formations,  with  abundant  associated  volcanic  rocks,  extends  as  a  band 
mbout  fifty  miles  broad,  separating  the  Silurian  uplands  of  the  southern  zone  from  the 
Highlands.    The  last-named  region,  occupying  more  than  half  of  the  whole  countr>', 
consists  mainly  of  crystalline  schists  with  bosses  of  granite,  porphyry,  &o.    These  rocks 
■trctch  through  four  degrees  of  latitude,  and  four  and  a  half  of  longitude,  and  must 
cover  an  area  of  not  less  than  IG.OOO  square  miles  at  the  surface,  but  as  they  sink  beneath 
later  formations,  and  as  they  are  prolonged  into  Ireland,  their  total  area  must  be  still 
more  extensive.  _  .       

wrote  that  •*  the  question  now  is  how  far  Cambrian  or  Silurian  rocks  are  represented." 
Jalwb.  GeoL  Bei<i$.  1874,  p.  151).  In  1884  he  thought  that  the  epicrj'stalUne  condition 
of  the  Silurian  rocks  in  the  Alps  might  be  due  to  original  crystalline  precipitation : 
Z  DeuUch  Geol.  Ges.  1884,  p.  :m. 

>  Renevier,  BhU.  Soe.  Geol  France,  (3)  ix.  p.  6:)0.  «  j^,y^  ^p.  n't.  p.  051. 

»  Since  this  was  written,  M.  Vacck's  paper  has  appeared  showing  an  unconformability 
between  the  older  central  schists  and  the  Silurian  gneiss,  diorite-schist,  mioa-schist  and 
cfaloritoid-schist.    Jahrb.  Geol  Reichmnti.  xxxiv.  (1884)  p.  620. 
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The  oldest  rock  of  the  vhole  region  (1,  Fig.  300)  is  a  remarkably  ooarae  ctyfitaUine 
gneiss,  with  abundant  pegmatite  veins,  seen  in  Sutherland  and  Bobs,  the  two  noitlh 

westerly  counties  of  Scotland.     It  "wiU  be 
described  in  the  section  on  Aiohiean  loda 
in  Book  VI.    It  is  nnconfoimaUy  orerlaid 
by  nearly  ilat  brownish-red  (Cambrian)  nod- 
stones,  conglomerates  and  breooias  (2X  which 
in  turn  are  surmounted  unoonformably  by 
inclined  beds  of  quartzite  (3,  4),  ahales  (J^ 
calcareous  grit  (0),  and  limestones  (7),  the 
Lower  Silurian  age  of  which  is  fixed  by  the 
occurrence  of  recognisable  fossils  in  ihta. 
The  quartzite  is  full  of  annelide-barrowi; 
the  limestone  has  yielded  Madurea^  Mmr^i- 
tonia,  Ophiletay  Fleurotomaria,  OiihtM,  Oriko- 
eerast  Pihceras,  and  many  more  forms;  the 
shales  are  crowded  witli  carbonaceous  worn- 
casts  (the  so-called  ^  fucoids  ").    Along  tbeir 
western  margin,  these  Silurian  strata  aie  lo 
little  altered  that  they  do  not  in  any  vaj 
deserve  the  name  of  metamorphic    £sit- 
wards,    however,   they  pass    under  varioia 
schists  and  gneisses  (8,  9,  10)  which  foin 
a    vast    overlying,    thoroughly   crystalliDe 
series.    It  was  believed  by  Macculloch  and 
Hay  Cunningham  that  the  fossilifenjos  bedi 


truly  underlie,  and  are  older  than,  the  casten 
gneiss.  This  view  was  ailoptod  and  xfotkei 
out  in  sonic  detail  by  Murchison,  who  ex- 
tended his  generalisation  over  the  whole  area 
of  the  Highlands,  which  he  regarded  08  com- 
posed essentially  of  metamorphosed  Silnriaii 
reeks  (see  p.  67 1 ).  Ot her  geologists  supported 
Murchisou,  whoso  oi>inions  met  with  gi>DcnJ 
aoccptanee.  Nicol,  however,  contended,  tUk 
the  overlying  or  "newer  gneiss"  is  mcrdy 
the  Arehicau  gneiss  brought  up  by  fiaiiltiiigi 
Later  writers,  particularly  Prof.  LapirartJii 
Dr.  Callowfty,  and  Dr.  Hicks,  have  advaoccd 
somewhat  similar  opinions ;  but  the  difficulty 
of  explaining  liow,  if  the  "newer  gnein'^ 
really  older  than  the  Silurian  stratai  it  iboBlil 
overlie  them  so  conformably  as  to  hafO  ^ 
eeivcd  so  many  obser\'ers,  has  icmainod  wit^ 
out  any  satisfactory  solution.  Hon reeentlyt 
the  problem  has  been  attacked  by  ih*  ^^ 
logieal  Survey,  nnd  I  believe  it  has  nov 
solved.  I  fully  shared  Mnichiaoo'e  I"^'*^ 
a  continuous  upward  sacccsuou  c  '■ 
fossil  iferous  Lower  Silnrisn  struts  i  >' 
overlying  schists,  but  the  dctiil^i  ' 

my  eolleap^ues  Messrs.  IVach  and  Home  has  convinced  me  Utti  \bh  Uli 

longer  be  entertained. 

Tracing  the  unaltered  Silurian  strata  castwardBftom  vtanf^'^^l^ 
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podtkHi  upoD  the  Cambrian  and  Arche^an  series  below,  we  find  them  begin  to  undergo 
evrratiiie.    They  are  thrown  into  N.N.E.  and  S.S.W.  anticlinal  and  synclinal  folds  which 
heoome  inereasinglj  steeper  on  their  western  fronts  until  they  are  disrupted,  and  the 
esfltem  limb  of  a  fold  is  pnslied  over  the  western.     By  a  system  of  reversed  faults 
(t  t  in  Fig.  SOOXa  single  group  of  strata  is  made  to  cover  a  great  breadth  of  ground  and 
iotnally  to  overlie  higher  members  of  the  same  series.    Tho  most  extraordinary  dis- 
looationfl,  however,  are  the  Thrust-planes.    These  have  so  low  a  hade  that  tho  rocks  on 
their  upthrow  side  have  been,  as  it  were,  pushed  horizontally  westwards,  in  some  places 
fotf  a  distance  of  at  least  ten  miles.    But  for  the  evidence  of  the  clear  coast-sections, 
(heae  throat-planes  could  hardly  be  distinguished  from  onliuary  stmtiflcation-planes, 
like  which  they  have  been  plicated,  faulted  and  denuded  (dotted  lines  in  Fig.  300). 
Here  and  there  an  outlier  of  horizontally  displaced  Archamu  gneiss  may  be  seen  cap- 
ping ft  hill  of  Silurian  quartzite  and  limestone  like  an  ordinary  overlying  formation. 

The  general  trend  of  all  tho  foldings  and  ruptures  is  N.N.E.  and  S.S.W.,  and  as  the 
steeper  fronts  of  the  folds  face  the  west,  the  direction  of  movement  has  obviously  been 
from  the  opponte  quarter.    That  there  has  been  an  enormous  thrust  from  the  eastwards, 
xa  further  shown  by  a  series  of  remarkable  internal  re-arrangements  tliat  have  been 
aniperioduced  upon  the  rocks.    Every  mass  of  rook,  irrespective  of  lithological  character 
^nd  etructore,  is  traversed  by  striated  surfaces,  which  lie  approximately  parallel  with 
MiOfle  of  the  thrust-planes,  and  are  covered  with  a  fine  parallel  lineation  running  in  a 
"^r.N.W.  and  E.S.E.  direction.    Along  many  zones  near  the  thrust-planes  and  for  a  long 
'Way  ftbove  them,  the  most  perfect  shear-structure  has  been  developed  (Fig.  246).    The 
^soarae  pegmatites  in  the  gneiss  have  had  their  pink  feUpar  and  milky  quartz  crushed 
«ftnd  drawn  out  into  fine  parallel  laminie,  till  they  assume  the  asiiect  of  a  rhyolite  in 
^which  fluxion-structure  has  been  exceptionally  well-developed.  Hornblende-rock  passes 
nito  homblendo-schist     Sandstones,  quartzites  and  shales  become  finely  micaceous 
^htsta.     New  minerals,  especially  mica,  have  been  abundantly  developed  along  the 
superinduced  divisional  planes  and,  in  many  cases,  their  longer  axes  are  ranged  in  tho 
ime  dominant  direction  from  E.S.B.  to  W.N.W. 
The  whole  of  these  rocks  have  undergone  such  intense  shearing  during  their  west- 
displacement  that  their  original  characters  have  in  many  cases  been  obliterated. 
«^mong  them,  however,  can  be  recognised  bands  of  gneiss  which  undoubtedly  belong  to 
'^he  underlying  Archiean  mass.    With  these  are  intercalated  lenticular  strips  of  Silurian 
«][uartzito  and  limestone.    But  eastwards  the  prevailing  rock  is  a  flaggy  fissile  micaceoiui 
^^cifls  or  gneissoso  flagstone.    All  these  rocks  have  a  general  dip  and  strike  i)aralk'l 
"^rith  thoee  of  the  Silurian  strata  on  which  they  now  rest,  and  in  this  respect,  as  well  as 
Sn  their  prevailing  lithological  characters,  they  present  the  most  striking  contiast  to  tho 
that  unconformably  underlie  the  Silurian  quartzites  a  little  to  the  west.    What- 
may  have  been  their  age  and  original  condition,  they  havo  certainly  acquired  their 
present  structure  since  Silurian  times. 

From  the  remarkably  constant  relation  between  the  dip  of  the  Silurian  strata  and 

'the  inclination  cf  tlie  reversed  faults  which  traverse  them,  no  matter  into  what  various 

^KMitions  the  two  structures  may  have  been  thrown,  it  is  tolerably  clear  that  these 

dislocations  took  place  before  the  strata  had  been  seriously  disturbed.    The  i>orsistent 

^rallelism  of  tho  faults,  folds  and  prevailing  strike,  indiootes  that  the  faulting  and 

siting  were  parts  of  one  continuous  process.    The  same  dominant  north-easterly  trend 

^vems  the  structure  of  tho  whole  Highlands,  and  re-appears  over  the  Silurian  tracts  of 

tho  south  of  Scotland  and  north  of  England.    If,  as  is  probable,  it  is  the  result  of  one 

^reat  series  of  terrestrial  movements,  these  must  have  occurred  between  an  early  part  of 

the  Silurian  iKjriod  and  that  portion  of  the  Old  Red  Sandstone  peritwl  represented  by  the 

"breccias  and  conglomerates  of  the  Ilighlands.    In  the  Central  and  Eastern  Highlands, 

the  slates,  grits,  conglomerates,  quartzites  and  limestones,  which  in  some  districts  aro 

scarcely  more  altered  than  their  probable  equivalents  among  the  Silurian  rocks  of  the 

southern  uplands  of  Scotland,  have  been  greatly  plicated,  and  have  assumed  a  more  or 
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less  crystalline  structure.  When  these  originfllly  sedimentary  rocks  were  nndergt^g 
this  mctaniorphism,  there  lay  to  the  north-west  a  solid  ridge  of  Archieaii  gneiss  sad 
Cambrian  sandstone  which  oflcrc<l  strong  resistance  to  plication.  The  throst  from  the 
eastward  against  this  ridge  must  have  been  of  the  most  gigantic  kind,  for  huge  sUen, 
hundreds  of  feet  in  thickness,  were  shorn  off  from  the  qnartzitcs,  limestones,  red  nad- 
stones  and  gneiss,  and  were  pushed  for  miles  to  the  westward.  During  this  prooesi,  all 
the  rocks  driven  forward  by  it  had  their  original  structure  more  or  less  ccunpletdy 
effaced.  New  pianos,  generally  parallel  with  the  surfaces  of  movement,  were  developed 
in  them,  and  along  these  new  planes  a  re-arrangement  and  ro-erystaUization  of  rainenl 
constituents  took  place,  resulting  in  the  production  of  crystalline  schists.  This  wide- 
spread metamorphism  certainly  occurred  after  early  Silurian  times,  for  Cambrian  sad 
Ijower  Silurian  strata,  as  well  as  Archtoan  rocks,  have  been  involved  in  it* 

Much  remains  to  be  done  before  the  structure  of  the  Gentral  and  Western  Highlaadi 
is  explained.    That  some  portions  of  the  rocks  are  Arohroan  is  not  improbable.    But,  oa 
the  other  hand,  in  almost  all  parts  of  the  Highlands  traces  of  an  original  fragmcntal  or 
clastic  origin  can  be  detected  among  the  schistose  rocks.   Zones  of  orgillaocous  shalsiflr 
slates  passing  into  andalusite-slates,'  and  of  fine  grit  full  of  well-rounded  fragments  of 
quartz,  felspar,  or  other  ingredient,  occur.    Bands  of  coarse  conglomerate  lie  on  diflerent 
horizons,  t}io  pebbles  (granite,  gneiss,  &c.)  being  enveloped  in  a  schistose  mstrix. 
Microscopic  investigation  likewise  reveals,  even  among  crystalline  micarschists,  tnxn 
of  the  original  water- worn  granules  of  quartz  in  the  sandy  mud  out  of  which  the  roeb 
have  been  formed.    It  is  deserving  of  remark  that  the  rocks  along  the  sonthem  msigio 
of  the  Highlands  are,  for  the  most  part,  so  little  affected  as  closely  to  resemble  portioiii 
of  the  unaltered  Silurian  series  of  the  south  of  Scotland,  and  that  they  dip  towards  tbe 
mountains,  becoming  more  highly  foliated  and  crystalline  as  they  recede  from  ^ the 
lowlands.    It  is  also  noteworthy  that  zones  of  graphitic  schist  can  be  traced  thrcmgii 
different  tracts  of  the  Highlands,  and  that  these  schists  and  their  associated  strata  bctf 
tho  closest  resemblance  to  the  anthracitio  graptolite  zones  of  the  southern  counties. 

Various  eruptive  rocks  traverse  the  Highland  schists,  and  affonl  interesting  stadirtin 
tlieir  relation  to  the  problems  of  metamorphism.  Thus  in  Banffshire  and  AbertleeuAire, 
large  masses  of  diorite,  dial)afic  and  gabbro  cut  tho  schists  in  places,  but  run  on  the  wli^lf 
parallel  with  tho  general  strike  of  the  region.  Their  appearance,  though  later  than 
that  of  tho  rocks  through  which  they  have  come,  was  earlier  than  the  metamorphiiui. 
The  difjrite  has,  in  many  places,  itself  undergone  great  alteration.  Its  component 
crystals  have  ranged  themselves  in  the  direction  of  the  prevalent  foliation,  and  haw 
here  and  there  separated  into  distinct  aggregates,  tlie  felspar  forming  a  kiml  (^ 
labrador-rock,  and  the  hornblende  assimiing  the  strncturo  of  perfect  hornblende-schist. 
Numerous  bosses  of  granite  and  porphyries  likewise  occur,  traversing  even  the  diorit«* 
But  the  metamorphism  is  not  specially  connected  with  their  protrusion,  tliough  nsually 
in  their  vicinity  tho  schists  attain  a  more  largely  crystalline  condition.  Here  an^ 
thcn^  in(l.ro<l,  a  gradation  can  Ixi  trac^nl  through  gneiss  into  granite.  This  is  nwn- 
p:irti<Mil;irly  observable  in  districts  where  veins,  whether  of  intnision  or  of  segreg»tit*n, 
are  abundant.  Remarkable  examphrs  may  be  observed  in  eastern  Sutherland  (Lair-)' 
and  on  tiio  coast-line  south  of  Aberdeen,  where  the  gneiss,  l(»»ing  its  schistose  strnctwr. 
passes  into  jrranitc,  which  lies  in  beds  interctilated  in  the  gneiss,  and  in  whichna.Tl* 
sren  scattered  patclies  of  gneiss  still  retaining  foliation.  On  tho  other  hand,  »inc<^ 
tho  masses  of  granite  assume  hero  and  there  a  perfectly  gncissoso  Btmctuie,  M  »t  tiK? 
large  granite  quarries  near  Aberdeen,  where  this  structure  may  be  specially  obferrc^ 
in  Connection  with  segregation  veins  (Fig.  284). 

'  Xature,  xxxi.  p.  '^0.     For  referencea  to  previous  writers,  see  p.  671,  and  Lsptfortb. 

^^o/.  .1/,,^.  issr»,  p.  y7. 

Mt  is  iniix)rtant  to  note, as  sliowing  tlie  relation  of  regional  tocontact-mitaraorphiflU' 
that  every  ttage  in  tho  development  of  the  andalnsife  can  Ix)  tniced  in  these  sIutM'fi^' 
out  any  trace  of  eruptive  rock,    J.  Home,  Mhieml  Mug,  1884. 
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reeoo. — ^In  the  Grociaii  peninsula,  vast  masses  of  chlorite-schist,  mica-schist  and 
B  oocnr,  among  which  thick  zones  of  marble  are  interstratified.  At  several  places 
a  calcareous  zones  fossils  have  been  found  which,  though  not  well  preserved,  show 
the  rocks  belong  to  the  fossiliferous  series  of  formations,  and  not  to  the  ArchoMin 
;  These  crystalline  rocks  in  north-eastern  Greece  are  on  the  strike  of  normal  Creta- 
hippurite  limestones,  sandstones  and  shales,  and  are  probably  of  Cretaceous  age.> 
reen  Mountains  of  New  England. — The  Lower  Silurian  strata,  which 
)  north  in  Vermont  are  comparatively  little  changed,  become  increasingly  altered 
9y  are  traced  southwards  into  New  York  Island.  They  are  thrown  into  sharp 
and  even  inverted,  the  direction  of  plication  being  generally  N.N.E.  and  S.6.W. 
disturbance  has  been  accompanied  by  a  marked  crystallization.  The  limestones 
jooome  marbles,  the  sandy  beds  quartzites,  and  the  other  strata  have  assumed  the 
!ter  of  slate,  mica-schist,  chlorite-schist,  and  gneiss,  among  which  homblendic 
0,  hypersthenic,  and  chrysolitic  zones  occur.  The  geological  horizon  of  these 
is  shown  by  the  discovery  in  them  at  various  localities  of  fossils  belonging  to  tlio 
m  and  Hudson  River  subdivisions  of  the  Lower  Silurian  system  of  eastern  North 
ca.  The  rocks  have  been  ridged  up  and  altered  along  a  belt  of  country  lying  to 
st  of  the  Hudson  and  extending  north  into  Canada.' 

may  be  useful  to  group  the  foregoing  and  a  few  other  examples  of  regional 
lorphism  in  stratigraphical  order,  that  the  student  may  see  over  how  wide  a  range 
geological  formations  the  transformation  has  taken  place. 

;<a00otM. — Greece. — Chlorite-schist,  mica-schist,  marble,  serpentine,  &c.,  believed  to 
be  altered  Cretaceous  sandstone,  shale,  limestone,  &c.  (p.  576). 

Joast  range  of  California. — Strata  containing  Cretaceous  fossils  pass  into  jaspers, 
silioeous  slate,  gametiferous  mica-schist,  serpentine,  &c.' 

ranie. — Alps. — Sericite-schists,  altered  limestones,  &c.  (p.  571). 

Uerra  Nevada  (California). — Clay-slates,  talcose  slates,  serpentine,  &c.,  passing  into 
locks  containing  Jurassic  fossils.* 

'4U. — Sierra  Nevada  (Spain). — Clay-slate,  mica-schists,  talc-schists  and  limestones.^ 

}arrara. — Mica-schist,  talc-schist,  marbles,  passing  down  into  limestones  containing 
Enerinus  liliiformis,  PhyUoceraSf  PentacrinuSf  below  which  lie  gneissic  and  other 
schists  enclosing  Orthoceras,  ActinoQeraSf  and  evidently  of  Palteozoic  age.^ 

rboni/erous. — Alps. — Graphite-schist,  phyllite-gneiss,  &c.  (p.  571). 

Castem  Brittany.— Carboniferous  shales  altei'ed  into  cryHtallinc  schists.' 

vonian. — Taunus. — A  largo  series  of  crystalline  schists  (p.  570). 

Lrdennes.— Orystallino  schists  with  garnet,  hornblende,  mica,  &c.  (p.  560). 

»r*an.— Scotland. — A  great  scries  of  crystalline  schibts  overlying  quartzite  and 
limestones,  witli  fossils  (p.  573). 

Norway. — A  series  of  schists  resembling  those  of  Scotland,  lying  upon  and  inter- 
stratified with  fossiliferous  beds  (pp.  570,  686). 

yreen  Mountains  of  New  England. — A  great  group  of  schists  and  limestones,  with 
fossils  in  some  beds  (p.  577). 


L  Neumayr,  Jahrh.  GeoJ.  JReichsanst.  xxvi  (1876)  p.  249.    Z,  Deutsch.  Geol.  Ges, 
pp.  118,  454.    A.  Bittncr,  M.  Neumayr  and  F.  Teller,  Denkech.  Akad,  Wieriy 
80)  p.  395.    Tliis  essay  well  deserves  the  attention  of  the  student, 
ee  Dana,  Amer.  Jonrn.  Sci.  iv,  v.  vi.  xiii.  xiv.  xvii.  xviii.  xix.  xx. ;  Q.  J.  GeoL  i<oo, 
h  397.    The  identification  of  the  so-called  Tacouic  schists  of  New  England  with 
.  Lower  Silurian  rocks  has  been  called  in  question  by  Sterry  Hunt,  but  the 
raphical  evidence  collected  by  A.  Wing,  Dana,  and  others,  and  the  testimony  of 
Bils  collected  by  Dana,  Dwight,  &c.,  have  sustained  it.    In  tlie  Punjab  a  series  of 
«  and  schists  overlies  infra-Triassic  rocks.    Wynne,  Geol.  Mag.  1880,  p.  314. 
IThitney,  Geol,  Surv.  California,  *  Geology,'  vol.  i.  p.  23. 
rhitney,  op.  n't.  p.  225. 

•e  Vernon il,  Ball.  Soc.  Gtol.  France  (2)  xiii.  p.  708.    B.  von  Drasclic,  Jahrh, 
HeichmiPft.  xxix.  (1879)  p.  93.    The  identification  of  these  rocks  with  Triassic 
a  probable  conjecture. 

ioquand,  JJull.  Soc.  Geol.  Francs  (3)  iii.  p.  26 ;  iv.  p.  126.    Zaccagna,  Boll.  Com. 
ItaL  xii.  (1881)  p.  1.     Lotto :  op.  cit.  p.  419  and  plate  ix. 
aomettaz,  Bttll  Soc.  Gtol.  France  (3)  ix.  (1881 )  p.  649. 
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Noitheim  Alpt.— Uppor  SflniMi  foHib 
chloritoidHM!hisft»  te.' 

Cfimfcrfaw.— fliupon  gnmaltte  t—t— fleliMl  ,       ,,^ 

floath  WalM.^A  lliiefbliaftkn  of  the  tuft,  i  fipwHHtfiifti  «a  mOg^ 

metemorphuni.^ 
Scotland.— flanditoDe  and  flEhoM  pHriBg  lato 


•ehifto  (p,  975>. 
jlrriUwut.— oootlMud.    BoBM  of  Umi    Airiuwui   cmhms 
SatherlMid  hftve  had  »  new  iBhirtiwHj  ■umiTniIiiim I 
moTWieati  tiwt  altered  tiie  Lower  OBbaami  itate  (p.  STQl 

Soxnmavy. — ^From  the  evidenoa  now  tMne&i  Hhm  Mlpwiig  fl» 
elnnona  niAy  be  ooiifideiidy  dzswn. 

1.  There  an  wide  xi^^iaiis  in  whidi  cryihiHhie  icUrtB  («)  ovsil 
foeeflifeiTMie  atntei  or  (&)  oontun  mieiEeahted  hsndi  ii|  wUdk  toidh 
oooiiT,  or  («)  jMHH  either  latenHy  or -fertically  i^ 

2.  These  schiate  are  in  aaee  caaea  the  melaaM»pIioaad  eqvnralBik 
of  what  were  onoe  ordinaiy  aediaaentaiy  deponia,  inchnding 
amociated  igneona  rodra. 

3.  The  alteration  Ij  whidi  xoeka  hare  been  afcoled  in  legioHl 
metamorphiam  ia  aimilar  in  ita  ategee  to  what  may  he  traced  in  losdl 
metamorphiaiii  round  hoaaea  of  granite,  bat  haa  attained  a  mnclfc  gmtar 
development. 

4.  Begional  metamorphion  haa  been  direcUyounneotedwith  thoeo» 
preaaion,  tension  or  ahearing  of  rodoBy  and  is  naoaUy  moet  pranoanHl 
where,  aa  shown  by  plication,  pnckering  and  shear-stmotoro,  the  mb 
have  been  snbjected  to  the  greatest  mechanical  movement. 

5.  The  alteration  has  not,  as  a  rale,  involved  the  introdnotioii  of 
new  chemical  constituents,  but  has  consisted  chiefly  in  a  reoombixiitioB 
of  those  already  present  in  the  rocks,  with  the  development  of  nov 
crystalline  minerals. 

6.  This  chemical  and  mineralogical  rearrangement  has  piofaafafylMi 
sui)erinducod  under  the  influence  of  moderate  heat,  and  in  preaenoe  of 
water,  and  is  comparable  with  what,  on  a  feeble  scale,  can  be  adueredh 
the  laboratory. 

7.  Tho  alteration  of  rocks  in  an  area  of  regional  metamoiphiflB  ■ 
often  strikingly  unequal  in  degree  even  over  limited  areas,  being  9^ 
to  attain  sporadically  a  maximum  intensity,  particnlaily  in  tiaflti  ^ 
greatest  shearing  or  plication,  while  in  other  areas,  the  original  dsrfic 
or  crystalline  characters  may  be  easily  discernible. 

8.  The  nature  of  the  alteiation  has  depended  fir8t»  and  fiattf%  * 
the  original  character  and  structure  of  the  rocks  alfeoted  hjit;  tf^ 
secondly,  on  the  nature  and  intensity  of  the  metaniorphie  activitica  tf 
some  rocks  (sandstone,  carbonaceous  shale,  ooal),  the  original  tmUSA^ 
may  be  recognisable  when  that  of  their  associated  strata  haa  eatiit^ 
disappeared. 


*  M.  Viicek  and  Baron  Foollon,  Jahrh,  (r^.  BekkmrnL  zxsr.  (1884)  jai 
«.  Stacli<\  Z.  Dent9<^  Oeot,  Get,  1884,  p.  277.  y       ^  rr 

*  Lohiimnn*e  work  cited  amU-.,  p.  124.        '  <^.  J.  GtoL  Sdc  ssEnL(lME)^9& 
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9.  Tho  foliation  in  a  tract  of  regional  metamorphism  has  been 
developed  along  divisional  planes  which  guided  the  crystallization  or 
rearrangement  of  the  minerals.  In  some  cases,  these  planes  coincide 
ivith  those  of  original  deposit.  In  others,  they  may  represent  cleavage, 
BB  pointed  out  by  Sedgwick  and  Darwin.  In  a  rock,  homogeneous  in 
chemical  composition  and  general  texture,  foliation  would  be  induced 
along  any  dominant  divisional  planes.  If  these  planes  were  those  of 
oleavage  or  of  shearing,  the  resultant  foliation  might  not  appreciably 
differ  from  that  along  original  bedding  planes.^  But  it  may  be  doubted 
ivhether  a  cleavage  foliation  of  clastic  sedimentary  strata  could  run, 
without  sensible  and  even  very  serious  interruptions,  over  wide  areas. 
In  most  large  masses  of  sedimentary  matter,  the  usual  alternations  of 
different  kinds  of  sediment  could  not  but  produce  distinct  kinds  of 
rock  under  the  influence  of  metamorphic  change.  Where  foliation 
coincides  with  cleavage  over  largo  tracts,  there  will  almost  certainly 
bo  bands,  more  or  less  distinct,  coincident  with  the  original  strati- 
fication, and  running  oblique  to  the  general  foliation,  like  bedding  and 
cleavage,  save  where  these  two  kinds  of  structure  may  happen  to 
coalesce.  Where  a  massive  rock  of  generally  homogeneous  composition, 
such  as  a  granite,  has  been  intensely  sheared,  a  re-arrangement  or 
Te-crystallization  of  its  minerals  might  take  place  along  the  planes  of 
Bhearing.  Such  a  rock  would  thus  be  transformed  into  a  schist.  Even 
Tocks  of  much  more  varied  structure,  like  Archaean  gneisses,  have  been 
subjected  to  such  changes  from  shearing  as  not  cmly  to  lose  entirely 
their  original  structure,  but  to  acquire  a  new  foliation  parallel  to  tho 
shearing  planes. 

10.  In  a  region   of  intense  metamorphism,   the   foliation   of  the 

schists  becomes  here  and  there  somewhat  indefinite,  until,  disapi)eai*iiig 

altogether,  it  gives  place  to  a  granitoid  character.     ]k)tween  gneiss 

and  granite   there  is  no  difference  in  mineralogical  composition ;   in 

the  one  rock  the  minerals  arc  arranged  in  folia,  in   the  other  they 

liave  no  definite  arrangement.      Gneiss   might   be   called  a   foliated 

gnwite;  granite  might  be  termed  a  non-foliated  gneiss,  and,  indeed, 

the  two  rocks  may  sometimes  be  observed  to  graduate  into  each  other.* 

It  has  been  naturally  concluded  by  some  geologists  that  such  granite  is 

4e  ultimate  stage  of  metamorphism.     That  in  some  cases,  gneissose 

Wcka  may  have  been  so  softened  as  to  l)e  capable  of  being  S(][ueozed  into 

^Dts  of  the  earth's  crust,  and  thus  to  simulate  the  diameters  of  true 

panite,  is  conceivable.     On  the  other  hand,   many  gneiKHOs  may  l)e 

'Bgaided  as  probably  granites  which  have  been  subjected  to  such  intense 

wmpression  that  their  component   particles  have   been   forced   to  re- 

anange  themselves  along  approximately  paralhil  planes  in  the  direction 

'  Jaimettaz  iioiiitd  out  that  the  cleavage  of  tho  slates  in  the  Grenoble  Alps  is 
puilld  to  the  foliation  of  the  mica-schists.     Bull,  Soc.  iii'ol.  France  (3)  ix.  (1881) 

It  619. 

'  The  opinion  has  been  held  by  many  able  geologists  that  the  two  rocks  are  only 
<ii&xait  oonditioDs  of  the  same  original  substance.  Naumaun  regarded  granulite  as  aii 
crnptivo  lock.    Dr»  Lehmann  looks  upon  gneiss  as  an  altered  (foliated)  form  of  granvic. 

2  T  ^ 
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of  the  shearing  movement.    The  occurrence  of  lenticular  bands  or 
of  amphibolite  in  gneiss  may  point  to  dykes  of  some  homblendio  i 
by  which  the  granite  was  traversed  before  the  development  of 
foliated  structure.    A  similar  connection  can  be  traced  between  mj 
of  diorite,  gabbro,  &c.,  and  hornblende-schists,  gabbro-schists,  &c.    dZTl 
granitoid  character  of  these  rocks,  under  the  great  stressos  they  Ivk^^tj 
suffered  during  periods  of  terrestrial  disturbance,  has  here  and  tkr^eic 
entirely  disappeared.     First  the  minerals  (specially  the  felspars)       aie 
seen  to  have  ranged  themselves  with  their  long  axes  in  one  geik.^nd 
direction.    Then  they  separate  into  bands  in  the  same  direction,  ^»«g2i 
band   having  a  more  or  less  distinctly  foliated  structure.    Thus^  « 
massive  diorite,  gabbro  or  diabase  has  been  converted  into  amphibolite- 
schist  with  bands  of  massive  labradorite.^ 

§  iv.  The  Archaean  Crystalline  Schists. 

We  now  finally  advance  to  the  consideration  of  those  schistose  rocks 
which  underlie  the  oldest  fossiliferous  and  sedimentary  formations.  On 
the  whole,  they  present  the  closest  resemblance  to  tracts  of  regional 
metamorphosed  rocks,  though,  as  a  rule,  more  coarsely  crystalline, 
containing  more  massive  bands  of  gneiss,  hornblende-rock,  &c.,  And 
lacing  more  intricately  veined  with  granite,  pegmatite,  and  allied 
crystalline  masses.  Many  geologists  not  unnaturally  regard  them  as 
derived  from  the  metamorphism  of  ordinary  sedimentary  rocks.  The 
Archasau  crystalline-schists  are  assumed  to  be  of  metambrphic  oiigin, 
and  indeed  the  phrase  "  nietamorphic  rocks  "  is  often  used  as  a  synonym 
for  these  oldest  crystalline  masses.  But  though  their  close  resemblance 
to  the  proilucts  of  regional  metamorphism  may  justify  the  inference 
usually  drawn,  it  does  not  amount  to  a  proof  of  absolute  identity  of 
origin. 

The  diflSculty  of  explaining  some  of  the  transformations  which  on 
the  theory  of  metamorphism  must  have  taken  place,  has  led  to  another 
explanation.  Some  writers,  justly  repudiating  the  exaggerated  vifi^ 
(jf  those  who  have  sought  by  metamorphic  (metasomatic)  processes  to 
derive  the  most  utterly  different  rocks  from  each  other  (for  example 
limestone  from  gneiss  and  granite,  granite  and  gneiss  from  limestone, 
talc  from  granite,  &c.),  have  insisted  that  the  crystalline  schists,  ia 
common  with  many  pyroxenic  and  homblendic  rocks  (diabases,  diorites, 
gabl)r()S,  &c.),  as  well  as  masses  in  which  serpentine,  talc,  chlorite,  and 
epidote  are  prevailing  minerals,  have  been  deposited  "  for  the  most  part  as 
chimiically-formed  sediments  or  precipitates,  and  that  the  subseqnent 
changes  have  been  simply  molecular,  or  at  most  confined  in  certain 
cases  to  reactions  hetween  the  mingled  elements  of  the  sediments,  with 

»  Tho  idea  supgestcxl  many  years  ago  by  Jukes  (♦  Student's  Manual  of  GeoIogT.'X 
that  llic  lioniblendic  bands  of  the  crystalline  schists  might  have  been  originally  ertp"'* 
rcK'ks,  has  btH.'n  confirmed  by  more  recent  work.  See  Lelimaun's  *  EntBtehoB?  "* 
Altkrystallinischeu  Schiefergesteinc  * ;  AlliK»rt  (^.  J.  Oeol  /Sbe.  xxxii.  (1876)  p.  ^^5; 
aud  thv  remarks  made  abovo  ua  to  tho  diorites  of  the  north  of  Scotland,  p.  576. 
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I  elimination  of  water  and  carbonic  acid."  To  support  this  view,  it 
leoessary  to  suppose  that  the  rocks  in  question  were  formed  during 
)eriod  of  the  earth's  history  when  the  ocean  had  a  considerably 
erent  relative  proportion  of  mineral  substances  dissolved  in  its  (then 
•bably  much  warmer)  waters;  they  are  consequently  assigned  to 
rety  early  geological  period,  anterior  indeed  to  what  are  usually 
ned  the'  Palaeozoic  ages.     It  becomes  further  needful  to  discredit 

belief  that  any  gneiss  or  schist  can  belong  to  one  of  the  later 
B;eB  of  the  geological  record,  except  doubtfully  and  merely  locally, 
d  more  thorough-going  advocates  of  the  pristine,  "  azoic,"  or  "  eozoic," 
e,  and  original  chemical  deposition  of  the  so-called  "  metamorphio " 
srystalline  schists,  do  not  hesitate  to  take  this  step,  and  endeavour, 
ingenious  explanations,  to  show  that  the  majority  of  geologists  (as 
the  oase  of  the  Alps  above  referred  to)  have  mistaken  the  geological 
ictore  of  the  districts  where  these  rocks  have  been  supposed  to  be 
»morphosed  eqidvalents  of  what  elsewhere  are  Palesozoic,  Secondary, 
Tertiary  strata.^  They  even  go  so  far  as  to  assert  that,  by  mere 
leial  characters,  the  crystalline  rocks  of  contemporaneous  2>eriods  can 
identified  all  over  the  world.  They  assume  that  in  the  supposed 
mical  precipitation,  the  same  general  order  has  been  followed  every* 
)re  over  the  floor  of  the  ocean.  Consequently  a  few  hand  specimens 
he  crystalline  rocks  of  a  country  are  enough  in  their  eyes  to  determine 
geological  position  of  these  formations.  If  geologists  have  discovered 
b  the  apparent  or  actual  sequence  of  rocks  is  quite  different,  so  much 
"Worse  for  the  geologists. 

In  conclusion,  the  mode  of  origin  of  the  Archaean  crystalline  schists 
k  problem  which  cannot  yet  be  satisfactorily  solved.  On  the  one 
d  it  must  be  conceded  that  during  the  very  ancient  periods  to 
Loh  they  belong,  the  composition  of  the  waters  of  tlie  ocean  may 
e  been  very  unlike  what  it  afterwards  became,  and  there  may  have 
a  chemical  precipitates  on  the  sea-floor,  such  as  could  not  have  been 
ned  in  later  and  cooler  times,  when  life  had  already  appeared  on  tha 
th.  On  the  other  hand,  the  striking  resemblance  in  structure  and 
Lpoeition  of  the  Archasan  crystalline  schists  to  rocks  which  can  be 
ved  to  be  the  metamorphosed  equivalents  of  ordinary  sedimentary 
kta,  renders  it  highly  probable  that  tlieso  ancient  schists,  whatever 

circumstances  of  their  original  formation,  have  undergone  plication, 
mpling,  and  metamorphism  analogous  to  that  of  younger  formations 
ixeas  of  regional  metamorphism.^    (See  further,  postea  p.  632). 

See  Sterrv  Hunt's  *  Chemical  Essays/  p.  382  seq, 
'  Beeides  the  works  already  cited  on  Metamorphism  the  student  may  consult  tlio 
>wing:  Delesse,  Mem.  Savans  Strangers,  xvii.  Paris,  1862,  pp.  127-222;  Ann,  dea 
««,  xiL  (1857);  xiii.  (1858);  *  Etudes  sur  lo  Metamorphismo  des  Roclies,'  Paris, 
9  ;  Durocher,  "  Etudes  sur  lo  Metamorphismo  des  Roches,"  BuU,  8oe.  G4ol.  France 
IH.  (1846) ;  Daubree,  Ann.  des  Mines,  5"'  serio,  xvi.  p.  155 ;  Bischof,  *  Chemical 
Hogjf  chap,  xlviii. ;  J.  Koth,  Ahhandlungen  Akad.  BerUn^  1871 ;  1880 ;  Gilmbel, 
MtMyeriBche  Grenzgohirge,*  1868 ;  H.  Credner,  Zeitseh.  Gesammt.  Naturwiss.  xxxii. 
38)  p.  853 ;  N,  Jahrb.  1870,  p.  970 ;  A.  Inostranzeff,  *  Studien  uber  metamorphosirto 
iteiiMd,'  Leipzig,  1879. 
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Pabt  IX.  Ore  Deposits.^ 

Metallic  ores  and  otlier  minerals  that  are  extracted  for  their  econo- 
mic value  occur  in  certain  well-marked  forms  which  have  been  Tarionsly 
clasHified ;  hut  for  the  purposes  of  the  geological  stndent  it  is  most 
c^mvenient  to  consider  them  from  the  point  of  view  of  geological  stroctnTO 
and  histor}'.  Thus  arranged,  they  naturally  group  themselves  into  three 
great  series:  Ist,  those  contemporaneously  deposited  among  stratified 
formations;  2nd,  those  contemporaneously  formed  with  the  other  in- 
grc^lients  of  crystalline  (massive  and  schistose)  rocks;  Srd,  those  sab- 
Hcr|nently  introduced  by  infiltration  or  otherwise  into  fissures^  cavcns, 
or  (fther  spaces  of  any  kind  of  rock. 

1.  Contemporaneous  ores  of  stratified  rocks  have  been 
deposited  in  water,  together  with  the  sandstones,  limestones,  or  other 
strata  among  which  they  lie.    In  some  cases,  they  are  mere  mecham'cil 
He<limcntH,  such  as  the  auriferous  gravels  of  California  and  Austndis 
(placer-works)  or  the  stream-tin  deposits  of  Cornwall,  obviously  derived 
from  the  disintegration  of  older  rocks,  principally  veinstones,  in  which 
the  ores  wore  developed.     In  other  cases,  they  result  from  the  accumnli- 
tion  of  chemical  precipitates,  as  in  the  modem  deposition  of  iron-ore  on 
the  floors  of  lakes  and  beneath  bogs.     These  precipitates  may  either 
of  themselves  form  independent  mineral  masses,  or  may  serve  as  im- 
pregnations of  other  stratified  deposits,  like  the  copper  ores  that  occur 
so  abundantly  diffused  through  the  Kupfer-Schiefer  of  Saxony.     In  aD 
these  instances,  the  metalliferous  rocks  belong  to  the  stratified  tyjxj  of 
geological  structure  described  in  Part  I.  (p.  461).     They  occur  in  l»edss 
varying  from  more  films  up  to  masses  of  great  thickness.      In  some 
cases,  they  retain  tlie  same  average  thickness  for  long  <listances,  in  others*^ 
thoy  swell  out  or  die  away  rapidly,  or  occur  in  scattere<l  concretionj?- 
Organic  remains  are  commonly  associated  with  ores  of  this  tyix?. 

2.  Contemporaneous    ores    of   crystalline    rocks  ar^ 
exemplified   by  the   be<ls  of  iron-ore,  pjTites,  <fec.,  that  so  frequently 
occur  intercalated  among  the  crystalline  schists.     They  lie  as  massix'*^ 
sheets  or  thin  partings,  and  usually  present  a  conspicuously  lenticiili*  ** 
character.     That  they  were  formed  contemiwraneously  with  the  laver^ 
of  (luartz,  mica,  felspar,  hornlJende,  or  other  minerals  among  wliir^' 
thoy  lie,  aiul  owe  their  crystalline  structure  to  the  same  process  th(»* 
produced   tlio   (^liaracteristic   foliation   of  the   crj^stallino   schists,  luaV 
usually   l>e    inferred    -wdth    considerable    certainty,   though   cases  nc*^ 
iiifre(juently  arise  where  it  is  difficult  or  impossible  to  draw  any  li"^ 

'  The  following;  works  on  ores  and  mining  may  be  consulted :  B.  Von  Cotta,*!^*'' 
Lcbre  von  Erzlagerstatk^u,'  18ol)-61  ;  A.  von  Groddeck,  *  Die  Lehre  von  den  Ligi-r- 
Htatt^'ii  dcr  Erzo/  1870;  \V.  Foi'stcr'g  •Treatise  on  a  Section  of  the  Strata  f«*» 
Nfwcu8tle-on-Tyno  to  Cross  Fell ; '  W.  Wallace's  '  Laws  which  regulate  the  depo*itK»** 
of  L(.a(l  Ores/  1801;  F.  Sandberger,  •  Untersuchnngen  liher  Erzgdnge;*  numerous 
valuable  papiTs  by  Iho  late  J.  W.  Hcnwood  and  others  in  Trans.  Hoy.  Geoi.  Sw.  Cera- 
}rall ;  (i.  F.  JJeeker,  *(Teology  of  the  Comstock  Lode,*  U.S,  Geof.  Survfy^  inonopr»p'' 
iii.  1S82;  J.  A.  rhillips.  'Ore  Deposits/  1884. 
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et^^reen  this  type  and  that  of  true  subsequently-formed  veins.  Besides 
[lese  lenticular  ores  of  the  crystalline  schists,  the  massive  rocks  also 
mtain  contemporaneously  crystallized  ores.  The  diffused  magnetite 
nd  titaniferous  iron  of  the  basalts,  diabases,  &c.,  are  familiar  illustra- 
ons.  Large  included  masses  of  these  and  other  ores  are  sometimes 
railable  for  mining  (ante,  p.  65). 

3.  Subsequently  introduced  ores  are  distinguished  by  the 
mtFast  between  their  contents  and  structure  and  those  of  the  rocks 
LTongh  which  they  pass.  They  have  been  deposited,  subsequent  to  the 
msolidation  of  these  rocks,  in  cavities  previously  opened  for  their  re- 
rption.  In  certain  rocks  (limestones,  dolomites,  &c.),  intricate  channels 
id  large  irregular  caverns  have  been  dissolved  out  by  the  solvent  action 

underground  water;  in  other  cases,  fissures  have  been  formed  by 
acstttre,  or  the  rocks,  exposed  to  great  compression,  have  been  puckered 
p  or  torn  asunder,  so  that  irregular  spaces  have  been  opened  in  them. 
[etallic  ores  and  crystalline  minerals  introduced  by  infiltration,  sublima- 
OiDL  or  otherwise,  into  the  cavities  formed  in  any  of  these  ways,  may  be 
ronped,  according  to  the  shape  of  the  cavity,  into  veins  or  lodes, 
'hich  have  filled  up  vertical  or  highly  inclined  fissures,  and  stocks, 
'hich  are  indefinite  aggregations  often  found  occupying  the  place  of 
i1>terranean  cavities. 

The  first  two  of  these  three  types  of  ore-deposits  do  not  require 
pecial  treatment  here.  The  stratified  type  has  the  usual  character  of 
ddimentary  formations  (Book  IV.  Part  1.) ;  the  crystalline  type  forms 
art  of  the  structure  of  schistose  and  massive  rocks  (Book  II.  Part  II. 
ect.  vii.,  §§  2  and  3;  and  Book  VI.  Part  I.  §  1);  the  third  type,  how- 
▼er,  from  its  economic  importance  and  its  geological  interest,  merits 
ome  more  detailed  notice. 

§  1.  Mineral- Veins  or  Lodes. 

A  true  mineral- vein  consists  of  one  or  more  minerals  deposited  within 
,  fissure  of  the  earth's  crust,  and  is  usually  inclined  at  from  10°  to  20° 
rom  the  vertical.  The  bounding  surfaces  of  such  a  vein  are  termed 
rails,  and,  where  inclined,  that  which  is  uppermost  is  known  as  the 
amging,  and  that  which  is  lowest  as  the  lying  or  fool  wall.  The  sur- 
cmnding  rock,  through  which  veins  run,  is  termed  the  country  or 
otintry-rock.  A  vein  may  coincide  with  a  line  of  fault  or  of  joint, 
r  may  run  independent  of  any  other  structural  divisions ;  in  all  cases  it 
I  independent  of  the  bedding  or  foliation  of  the  "  country."  Cases  occur 
mong  crystalline  massive  rocks,  however,  and  still  more  frequently  among 
Imestones,  where  the  introduction  of  mineral  matter  has  taken  place  along 
^ntly  inclined  or  even  horizontal  planes,  such  as  those  of  stratification, 
Ind  the  veins  then  look  like  interstratified  beds.  Mineral-veins  are 
omposed  of  masses  or  layers  of  simple  minerals  or  metallic  ores  alter- 
lating,  or  more  irregularly  intermingled  with  each  other,  distinct  from 
ihe  surrounding  rock,  and  evidently  the  result  of  separate  dept»sition. 
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They  are  in  no  respect  to  be  confounded  with  veins  of  rock  injected  in  a 
molten  condition  from  below,  or  segregated  from  a  snrroimding  pasty 
magma  into  cracks  in  its  mass.  But  they  are  commonly  most  fr^nent 
and  most  metalliferous  in  districts  where  eruptive  rocks  are  abundant 

Variations  in  breadth.^Mineral-veins  vary  in  breadth,  from  a 
mere  paper-like  film  np  to  a  great  wall  of  rock  150  feet  wide  or  more. 
The  simplest  kinds  are  the  threads  or  strings  of  calcite  and  quartz,  so 
frenuentlv  to  be  observed  among  the  more  ancient,  and  especially  more 


a 


Fig.  301.— Widening  of  a  fisstire  by  relative  shifting  of  its  side  (i?.). 

or  less  altered,  rocks.  These  may  be  seen  running  in  parallel  lines,  or 
ramifying  into  an  intricate  network,  sometimes  uniting  into  thick 
branches  and  again  rapidly  thinning  away.  Considerable  variations  in 
breadth  may  bo  traced  in  the  same  vein.  These  may  be  accounted  for 
by  unequal  solution  and  removal  of  the  walls  of  a  fissure,  as  in  the 
action  of  permeating  water  upon  a  calcareous  rock;  by  the  irregular 
opening  of  a  rent,  or  by  a  shift  of  the  walls  of  a  sinuous  or  irregularly 
defined  fissure.     In  the  last-named  case,  the  vein   may  be  strikingly 

iine<iual  in  breadth,  here  and  there  nearly 
disappearing  by  the  convergence  of  the  walls, 
and  then  rapidly  swelling  out  and  again 
diminishing.  How  simply  this  irregidarity 
may  be  accounted  for  wdll  be  readily  i>erceived 
by  merely  copying  the  line  of  such  au  nn- 
even  fissure  on  tracing  paper  and  shifting 
the  tracing  along  the  line  of  the  original 
If,  for  example,  the  fissure  l>e  assumed  \^ 
have  tlie  form  shown  at  a  6,  in  the  first  line 
(Fig.  301),  a  slight  shifting  of  one  siilo  ^» 
the  right,  as  at  a'  V  in  the  second  line,  will 
allow  the  two  opposite  walls  to  touch  at  only  the  points  oo,  while  oi*u 
si)acos  will  1)0  left  at  rrcf.  A  movement  to  the  same  extent  in  tlic 
revorso  diriHtion  would  give  rise  to  a  more  continuously  open  tissiinsas 
in  tlu'  third  lino.  That  shiftings  of  this  nature  have  occurreil  to  an 
cnonuons  extent  in  the  fissures  filled  with  mineral-veins,  is  shown  I'J 
their  al)nndunt  slickonsides  (p.  489).  The  polished  and  striatetl  walls 
have  been  coated  with  mineral  matter,  which  has  subsequently  l>eeu 
similarly  jxilished  and  gr(X)ved  by  a  renewal  of  the  slipping. 

Structure  and  contents. — A  mineral- vein  may  bo  either  simplt?* 


ch  c ' 

Fip.  302.— S<H:tion  of  a  fissure  nearly 
lUlc«I  wlUi  one  mineral  (c  c),  but 
with  a  jwrtloii  of  the  fissure  (a  l>) 
still  open  (Z/.). 
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that  is,  consisting  entirely  of  one  miueral,  or  compound,  consititiug 
of  Mveial ;  and  may  or  may  not  bo  metalliferous.  The  minerals  aro 
usually  crystalline,  hut  layers  or  irregular  patches  of  soft  decomposed 
earth,  clay,  &c.,  frequently  accompauy  thou,  especially  oe  a  layer  on 
the  wall-face  {ftuean).  The  non-metalliferous  minerals  are  bnowu 
■B  gangiie  or  veinstones,  the  more  cryutallino  being  uften  also 
popnlarly  classed  as  spars.  The  metal-bearing  minerals  are  known  as 
ores.  The  commonest  veinstones  aro  quartz  (usually  either  cryatallino 
or  cryptowirystalline,  with  numerous  fluid-inclusions),  caloite,  harytes, 
and  fluorit^.  The  presence  of  silica  is  revealed  not  only  by  the  quartz, 
hat  hy  the  hard  silicoous  bands  so  often  observable  along  the  walls  of  a 
Toin,  and  which  can  often  1)0  determined  to  be  portions  of  the  "  country  " 
which  have  been  indurated  hy  the  deposition  of  silica  into  their  ]Kires. 
The  ores  are  sometimes  native  metals,  especially  in  the  case  of  copjier 
and  gold ;  hut  for  the  most  part  are  oxides,  silicates,  carbonates,  sulphides, 
chlorides,  or  other  combinations.  Some  of  the  contents  of  mineral-veins 
aro  more  usually  associated  with  certain  minerals  than  with  others,  as 
galena  and  blende,  pyrite  and  chal- 
copyrito,  gold  and  quartz,  magiio 
tite  and  chlorite  Of  tho  mannei 
in  which  the  contents  of  a  mmeral 
vein  are  disposed,  the  following  are 
the  chief  varieties 

(1)  MaiBlve.— Sboniog  no  deanite 
uiangomeDt  of  the  contents  This  struc 
tme  ii  espocullj  characterutio  of  Teina 
anwisimg  of  a  single  nimerol,  at  of  cai 
inta,  qoartz  or  Yuajtcs  8ome  netallifcrous 
ores  (pjTitfs,  limonitc)  likcwisii  assume  it 
■  (2)  Banded,  comby,  m  patallol 
(and  aometiaiea  ciaotlj  duplicated)  layers 
Of  comb*.  In  this  common  smingement,  each  wall  (a  a.  Fig.  303)  mny  bo  coated  with  a 
l«yer  of  the  snma  material,  perhaps  some  ore  or  fincan  (I  h),  followed  on  tlic  inside  by 
another  layer  (e  e),  perhaps  qnarti,  then  by  layers  of  cnleitc,  fluor-spar  or  other  Tcln- 
atonc,  with  strings  Di  layora  of  ore,  to  the  centre,  where  the  two  opposite  walls  aro  Anally 
United  by  tho  last  zone  of  deposit  (0-  Even  where  cocli  half  of  the  vein  is  not  stricUy 
a  duplicate  of  the  otfac)',  tlio  samo  parallelism  of  distinct  layers  may  be  tmced. 

(3)  Brecciatcd,  eoutaining  an^liir  IzagtaeaU  of  the  surrouDding  "country," 
ccmLiited  in  a  matrix  of  Yeinstonc^  or  ores.  It  may  often  bo  observed  that  these 
fiu;naeulM  aro  completely  enclosed  within  Ihe  matrix  of  the  vein,  which  most  have  lieen 
initially  open,  with  the  matriv  elill  in  course  of  deposit,  when  they  were  deloclicd  from 
the  parent  rock.    Largo  blocks  (ridtrt)  may  bo  thus  onolosod, 

(4)  Dmsy,  containing  or  made  ap  of  cavities  lined  with  cryatallino  miiicnils. 
The  central  ports  of  veins  frequently  present  this  straoture,  particnlarly  where  the 
minerali  have  been  deposited  from  each  ude  towunls  the  middle. 

(a)  Filamcn  tons,  having  the  mberals  disposed  in  thrcadliko  reins ;  this  is  one 
of  the  commonest  Btrnctures, 

Metallic  ores  occur  under  a  vaiicty  of  fonus  in  mineral  voins.  Sometimes  they  arc 
disaemioated  in  minute  grains  or  fine  threads  (gold,  pyrites),  or  gnthercil  Into  irregular 
ttrings,  branches,  bunches,  or  leaf-like  expansions  (native  copper),  oi  disposed  in  layers 
ritemating  with  the  veinstones  pnrullcl  witli  tho  walls  of  tho  vein  (most  metcdUc  inek'). 
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or  fonning  Uio  whole  of  tlio  Tein  (pyrito,  and  ocoasioiiftUy  galena),  or  lining  dTW.^^  ^ 
eaviliei,  both  on  a  Bmall  sctJe  nnd  in  largo  chumbera  (bimiatite,  galena).  Bocae  <3i^m~^  , 
are  frequently  found  in  auociation  (galena  and  blende),  or  are  noted  for  conUmicf  .^^ 
minute  proportions  of  another  metal  (argent I fcmud  giilona,  aorifeiotiB  pjritee). 

SnccessiTe  infilling  of  Tflins. — Tbo  Bfinmotrical  diajXHition  k*         j 
presented  in  Fig.  303  sIiowh  that  the  fiBsnre  liad  its  two  walla  eoat:A-,^|| 
frnt   witii    the  Uycro  b  h.     Thereafter   the    iil    m^i^i, 
oi*n,  (ir  subBcqneutly  widened,  cleft  receive^z^p-^  , 
nccittid  layer  (c  c)  on  eacli  face,  and  ho  on  l>rogr:^r-^r^ 
sivcly  imtil  the  whole  was  filled  np,  or  until  ov-^hq/j, 
cavernous  spaces  (ilnises)  lined  with  cr^'stols  w-^s^rfj^ 
left.    In  Buch  caseu,  no  evidence  exists  of  any  *- — te^ 
rcstrial  n>ovemeut  during  the  process  of  snccea&^^^re 
dc]Hiaitioi].     The  fissure  may  Iiavo  been  origiu^^a^j 
as  wide  as  the  present  vein,  or  may  have  lB>-wen 
'U'idcnod    dnring    the    accumulation    of    nun^E^ral 
sf  wbMl    matter,  so  gradually  and  gently  as  not  to  dist:  urb 
iiw'nv^c«Mive'4>™ing»    *^'>  gathering  layers,     Bnt  in  many  instances,  as 
rit  iiie  Mine  Hwore  [ft.)-        al)ovo  statcd,   proofs  remain  of  a  series  of   <lia- 
"  ^filif  ^fS^c^^iTS'^iirru    tnrbancea  whereby  the  formation  of  the  vein  -woa 
in^cryitsL.  pointing   iti-    accelerated or interrupted.  ThusattheWhealJiilis 
num.'    '       '    '  lode,  Cornwall,  the  central  zone  (e  in  Fig.  30-4) 

is  formed  of  quartz-crystals  pointing  as  usual  frc»»i 
the  sides  towards  the  centre  of  the  vein,  but  it  is  only  one  of  fi"^0 
similar  zones,  each  of  which  marks  an  opening  of  the  fissure  and  t:Vie 
subsequent  closing  of  it  by  a  deposit  of  mineral  matter  along  the  walX^ 
Tlie  occurrence  of  difTercnt  layers  on  the  two  walls  of  a  vein  i>i«»y 
sometimes  indicate  successive  openings  of  the  fissure.  In  Fig.  305,  t>9ie 
fissure,  at  one  time,  no  doubt  extended  no 
furtlipr  than  Iwtweeu  1  and  2.  Whether  the 
liand  of  copjwr  pyrites  had  already  fiUeil  up 
tlio  fissure,  previous  to  the  opening  which  al- 
lowed the  deiKwit  of  the  silica,  or  was  intro- 
duce<l  into  a  fisauro  oiiencd  between  2  and  .'( 
after  the  deposit  of  tlic  silica,  is  uncertain.' 

The  occurrence  of  rounded  pebbles  of  slate, 
quarts,  and  granite  in  the  lodes  of  Cornwall 
nt  dejiths  of  600  feet  from  tlie  surface,  of  gneiss 
ill  the  vein  at  Joachimsthal  at  1150  feet,  and 
of  Liassic  land  and  freshwater  shells  at  270 
feet  in  veins  traversing  the  Carboniferous 
Limestone  of  the  Mendip  Hills  and  South  Wales,  seems  to  indicate  t^*  *• 
fissures  may  remain  sufficiently  open  to  allow  of  the  introduction  ** 
water-worn  stones  and  terrestrial  orgftiiisms  from  the  surface  even  do**"" 
to  etmsiderable  depths.^ 
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a,  ()iuRi  mtlng  elwrk  i(  ra^'^St^ 
qiuni  CTTridi  polntlBC  k'^*^^ 
e  1,  agitifonn  ^ka|  *,  *■■»" 
bVer  of  tapptr-vfilut. 
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Gonneotion  of  veiiui  with  faults  and  cross-veins. — While  the 
teorspaoes  between  any  divisional  planes  in  rocks  may  serve  as  recep- 
des  of  mineral  depositions,  the  largest  and  most  continuous  veins  have 
r  the  most  part  been  formed  in  lines  of  fault.  These  may  be  traced, 
metimes  in  a  nearly  straight  course,  for  many  miles  across  a  country, 
id  as  &r  downward  as  mining  operations  have  been  able  to  descend, 
onetimes  veins  are  themselves  faulted  and  crossed  by  other  veins. 
ke  ordinary  faults  also,  they  are  ai)t  to  split  up  at  their  terminations. 
lieee  features  are  well  exhibited  in  somo  of  the  mining  districts  of 
imwall  (Pig.  306). 
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Fig.  306.— Plan  of  Wheal  Fortune  Lode,  Cornwall  (2?.). 

1 1  M,  lodes  of  which  the  main  one  splits  up  towards  east  and  west,  trayersing  elvan 
dykes,  e  e,  but  cut  by  fiialts  or  cross  courses,  d  d.    Scale  one  inch  to  a  mile. 


The  intersections  of  mineral- veins  do  not  always  at  once  betray 
hich  is  the  older  series.  If  a  vein  has  really  been  shifted  by  another^ 
must  of  course  be  older  than  the  latter.  But  the  evidence  of  dis- 
aoement  may  bo  deceptive.  In  such  a  section  as  that  in  Fig.  307,  for 
:ample,  a  cursory  examination  might  suggest  the  inference  that  the 
nn  d  e  must  be  later  than  the  dyke  or  vein 
t>  by  which  its  course  appears  to  have  been 
lifted.  Should  more  careful  scrutiny,  how- 
rer,  lead  to  the  detection  of  the  vein  crossing 
le  supposed  later  mass  at  c,  it  would  be 
ear  that  this  inference  must  be  incorrect.^ 
1  mineral  districts,  diflferent  series  or  systems 
'  mineral  veins  can  generally  be  traced,  one 
'ossing  another,  belonging  to  different  periods,  and  not  infrequently 
lied  with  different  ores  and  veinstones.  In  the  south-west  of  England, 
»r  example,  a  series  of  fissures  running  N.  and  S.,  or  N.N.W.  and 
.S.E.,  traverses  another  series,  which  runs  in  a  more  east  and  west 
irection  (W.S.W.  to  E.N.E.,  or  W.N.W.  to  E.S.E.).  The  latter  (c  c,  d  d, 
ig.  308)  in  Cornwall  contain  the  chief  copper  and  tin  ores,  while  the 
ross-oourses  (6  6)  contain  lead  and  iron.  The  east  and  west  lodes  in  the 
rest  part  of  the  region  wore  formed  before  those  which  cross  them,  for 
bey  are  shifted,  and  their  contents  are  broken  through  by  the  latter. 
'o  the  east,  near  Exeter,  the  east  and  west  faults  a  a  are  later  than  the 
lew  Red  Sandstone,  and  in  Somerset  tlian  the  Lias.^ 


Fig.  307.— Deceptive  shifting  of  a 
Vein  (^.). 


1  De  la  Beohe,  op,  cit  p.  657. 


'  DclaBecho, op. c\l. ^.^tv^. 
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Kelation  of  contents  of  veins  to  nuroandlBg  rook. — It  has 
long  Ijecn  familiar  to  minera  that  whore  a  vein  travenes  Tarioas  kindsof 
"  country  "  it  ia  ofton  richer  in  ore  when  croesing  or  tonching  some  joAb 
than  othent.  In  the  north  of  England,  fur  example,  the  galena  ia  alwaya 
most  aliiniilant  in  the  limestones  and  scarcest  in  the  shales,  the  relni  in 
the  Great  Lime«tono  (which  is  150  feet  thick  or  less)  having  prodoeed  u 


Fig,  30*.— OfiktiI  Hap  of  Flunres  In  llio  niliwril  liuti  cT  S.W. 

much  lead  na  all  the  rest  of  a  mass  of  2O00  feet  of  strata  jmt  t.^thrr. 
In  f'oniiviill  and  Devon,  it  has  l«on  olwervoil  that  some  lodes  vieM  tiu 
wlioro  (liey  cross  granite,  nn<l  copjier  whore  they  traverse  slate :  the  sann' 
lode,  na  at  Uofnllack,  may  cross  throe  times  from  the  one  nxk  iiit"  tht- 
other,  and  each  time  tlie  same  change  of  melallio  wnteuts  takes  pl*i'. 
Some  of  the  loiles,  wliicli  are  [-"'r  in  ure  in 
the  slate,  heeome  rich  as  they  cnws  an  elvaa 
(Fig  309)  or     11  the  otlu-r  han.L  the  ore  i* 
so  split  up  lilt    sti  ings  in  the  elvin,  ita»  u 
be  much  less  \  il  itlJe   than  in    the  sLite. 
Similar  \anatii.ns  in  the  nainre  •■i  iuminnt 
tf  ores  inil  \cinst  ues  wiih  the  limiscwrrf 
tiio  rocks  traxtihetl  liy  miutral  vtins  haw 
been  gcnorall)  ol  stn-eil  in  mining  distnct]^ 
cien    anicn^    thi    most    diverae   gmlopoii 
formatioiiH     (.  ]  c  mical  analysis  imt  nmW 
the  presence  of  minute  r^nintiliw  sf  Mrtdib 
ores    disjicrscd    throu^  tha   idAM*  4f    1 
the  rocks  surrounding  miacnl^idib  %^    ^ 
i»"Iatiiig  sonio  of  the  more  &n|i>tnt  ioSnif* 
finiii.I  Its  n«'k-conHtitnenta  (mich  aa  augite,  honiUaii  jn.i  rui.y  s  i'™^ 
niikol,  cippcr,  colmlt,  arsenic,  antimouy,  tiiv,4B6,  Iwro  ban  ^mlM     i 
ni'prw'iiililo  i|iiiintity,  and  the  ooaclnrirrtf  %Cj|iiBHjhawil  WJiflrt*--     1 
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TOcks  of  all  geological  periodn.  Stratified  roolcB  also,  when  subjected  to 
0tiffloientlf  delicate  analyais,  reveal  the  presence  in  thorn  of  the  motals 
and  ntm-metallic  substancea  that  constitute  niinorsl-veinti.  Clay-slatos, 
for  example,  liave  been  found  to  contaiu  copper,  zinc,  lead,  arsenic, 
antimony,  tin,  cobalt,  nickel.' 

Deoompoflitiou  and  reoompoBition  in  mineral-Teins. — It  has 
tieeu  noticed  that  the  "country"  through  which  niiuoral-voina  nm  is 
often  considerably  decomposed.  In  Cornwall,  this  k  Hpecially  obscrvablo 
in  the  gianit«.  Bound  the  Conistock  Lodo  also,  the  diabase  is  parti- 
ciularly  decayed.  Moreover,  in  most  niincral-Teins  there  occur  layers 
«jf  clay,  earth,  or  other  soft  friable  loamy  Bu1»tancos  to  which  variona 
xuiuing  names  are  given.  The  great  majority  of  the  remarkable 
xuinerals  of  the  sonth-weat  of  England,  occur  in  those  parts  of  the  lodes 
-where  anch  soft  earths  abound.  The  veins  evidently  servo  as  channels 
for  the  circulation  of  water  both  upward  and  downward,  and  to  this 
cnrculatioa  the  decay  of  some  bands  into  mere  clay  or  earth,  and  the 
x^crystallization  of  part  of  their  ingredients  into  raro  or  interesting 
xninerals,  are  to  be  ascribed.    It  is  observable,  also,  that  the  upper  parte 


--—,'-            *         '        *                   ™        «'         *          A 

y\g.  310.— SmUou  or  Mintnl  dpp«IU  In  llmntoae.  Dnbrohlre  (S.)' 

Hcnliig  the  UiMitune,  lq,kd.mc,  lelns  ttivtrelug  *U  the  ™li»  «nd  contil 
a;  /,  taut*  between  ttaetwdx  cnlvged  by  mlutlon  ind  filled  wilb  mlncnlo  or  i 
p,  lugg  Imsnltr  cavemiHia  apuxt  dltwilied  ddI  oI  the  rock  uid  fllled  will.  mlDei 

«f  pyritous  mineral-veins,  as  they  approach  the  surface  of  tho  ground, 
«ie  usually  more  or  less  decomposed  from  tho  uifiltration  of  meteoric 
"Water,  siliceous  peroxide  of  iron  and  limonite  being  especially  pre- 
dominant.   (Gossan  of  Cornwall,  Chapcau  de  Fer,  Eisemer  Hut). 

§  2.  Stocks  and  Stock-works.  (Stiicte,  Stockwcrkc.) 
The  cavernous  spaces  dissolveil  out  in  some  rocks,  more  esi^cially  in 
limestones  and  dolomites,  may  bo  of  any  indotemiinate  shaiie,  and  may 
be  filled  vrith  one  or  more  veinstones  or  ores,  either  in  symmetrical  zones 
following  tho  outline  of  walla,  floor,  and  roof,  or  in  parallel  and  roughly 
horizontal  bauds  (Fig.  310),  Irregular  uietalliforons  masses  of  this  kind 
have  long  been  known  in  Germany  by  tho  name  of  Stwoks  (Stocke)  when 
of  large  bjbo,  smaller  aggregations  being  knowu  as  Btttzen  (cones)  and 
Neater  (tufts).    The  size  of  those  indefinite  accumulations  of  ore  varies 

'  ThiB  ([itcstion  lins  licon  mailo  tho  snhjcct  of  an  ciliauatire  tcsearcli  by  Prof. 
P.  BuMlbDigor, '  Uutetbuchuiigee  iibcr  Erxgauge,'  Purt  i.  ' 
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from  mere  nests  up  to  maflseB  800  feet  or  mote  in  one  diveotioa  hf 
200  feet  or  more  in  another,  Hiematite,  brown  iron-on,  and  gdena 
not  infrequently  occur  in  this  form  in  limeatone,  as  in  the  ''pooketa''  of 
hcematite  and  ''  fiat- works  "  of  galena  in  the  Carbonifeioqa  ~ 
more  notably  in  the  ore  ^'  chambers  "  of  the  Eiireka.and  Binhmnnd 
uf  Nevada,  and  the  Emma,  Flagstaff  and  other  mines  in  Uteh«  bxm 
which,  in  recent  years,  such  vast  quantities  of  ore  have  been  dbtaiuBd. 
The  "gash"  or  *^rake"  veins  of  galena  in  the  north  of  WnglafiJi  occur ia 
vertical  joints  of  limestone  which  have  been  widened  hy  aolntioD,  and 
are  sometimes  completely  cut  off  underneath  by  the  floor  off  ahale  or 
sandstone  on  which  the  limestone  lies.  Lentionlar  aggxegations  of  oit 
and  veinstone  found  in  granite,  as  in  the  south-¥reet  of  England,  irbm 
they  are  known  as  Carbonas,  cannot  be  due  to  the  infilling  of  ehaoi- 
bers  dissolved  by  subterranean  solution.  They  are  usnrily  connected 
with  true  fissure-veins;  but  their  mode  of  origin  is  not  well  nndentood. 

Stock-works  are  portions  of  the  surrounding  rook  or  ^^oountry"  so 
charged  with  veins,  nests,  and  impregnations  of  ore  that  they  can  1» 
worked  as  metalliferous  deposits.  The  tin  stook-works  of.  ComwaU  tnd 
Saxony  are  good  examples.  Sometimes  a  succession  of  suoh  stock-woifa 
may  be  observed  in  the  same  mine.  Among  the  granites,  elvans,  and 
Devonian  slates  of  Cornwall,  tin-ore  has  segregated  in  rudely  panlM 
zones  or  "  floors."  At  Botallack,  at  the  side  of  ordinary  tin  lodes,  floon 
of  tin-ore  from  six  to  twelve  feet  thick  and  from  ten  to  forty  feet  broid 
occur.  The  name  of  Fahlbands  has  been  given  to  portions  of  *'  ooontiy" 
which  have  been  impregnated  with  ores  along  parallel  belts. 

Origin  of  mineral  veins. — ^Yarious  theories  have  been  proposed  U 
account  for  the  infilling  of  mineral  veins.    Of  these  the  most  noteworth 
are — (1)  the  theory  of  lateral  segregation, — which  teaches  that  tJ 
sul)stance8  in  the  veins  have  been  derived  from  the  adjacent  rocks  In 
process  of  leaching,  or  solution  and  redcposit ;  and  (2)  the  theory  of 
filling  from  below, — according  to  which  the  minerals  and  ores  v 
introduced  dissolved  in  water  or  steam,  or  by  sublimation,  or  by  ign* 
fusion  and  injection. 

The  structure  and  characteristic  mineral  combinations  of  metallif 
veins  are  precisely  such  as  would  be  produced  by  deposition  from  aq 
solution.    There  can  hardly  bo  now  any  doubt  that  the  contents  of 
veins  have  generally  been  deposited  by  water.     But  the  sooroe 
which  the  metals  were  derived  is  not  so  obvious.     The  fiict  tb 
nature  and  amount  of  the  minerals,  and  especially  of  the  orMb  ^ 
so  often  vary  with  the  nature  of  the  surrounding  rooks  Aow§i 
rocks  have  had  an  influence  on  the  precipitation  of  minoiil 
fissures  passing  through  them,  if  they  were  not  th< 
from  which  the  metals  were  obtained;  for, 
presence  of  the  heavy  metals  has  now  been 
every  kind  and  age.    On  the  other  luuiid,in-8omo  vi>1<  -  ■>  «1^' 
the  present  time,  various  mineral% 
chalcedonic,  metallic  sulphideSi.i 
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in  fiflsuxes  up  which  hot  water  rises.^  Each  of  these  modes  of  origin  may 
in  different  cases  have  occurred.  It  is  almost  certain,  from  what  we  now 
kiow  of  the  diffusion  of  metallic  substances,  that  there  must  be  a  de- 
YX>nipasition  of  the  rocks  on  either  side  of  a  fissure,  perhaps  to  a  great 
dUstance,  and  that  a  portion  of  the  mineral  matter  abstracted  will  be  laid 
clown  in  another  form  along  the  fissure-walls.  If,  on  the  other  hand,  the 
xocks  on  either  side  of  the  fissui*e  are  permeated  for  some  distance  by  hot 
ascending  waters,  holding  such  metalliferous  solutions  as  have  been 
cletected  in  the  hot  springs  of  California  and  Nevada,  some  of  the  dis- 
solved mineral  substances  will  doubtless  be  deposited  in  the  fissure,  and 
jnay  oven  be  introduced  into  the  pores  and  cavities  of  the  adjacent 
xocks.' 

Part  X.  Unconformability. 

Where  one  series  of  rocks,  whether  of  at|ueous  or  igneous  origin,  has 
lieen  laid  down  continuously  and  without  disturbance  upon  another 
series,  they  are  said  to  be  conformable.    Thus  in  Fig.  311,  the  sheets  of 


«  ■  ■     ■  _  ■  I »« 
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Fig.  311.— Uuconformability  amoug  borixonUl  strata.    LiaH  resting  on  Carbouifuruus 

Limestono,  Qlamorganshire  {B.). 

conglomerate  (6  h)  and  clays  and  shales  (c  d),  have  succeeded  each  other 
in  regular  order,  and  exhibit  a  perfect  coiiformahility,  Tliey  overlap 
«ach  other,  however,  each  bed  extending  beyond  the  edge  of  that  below 
it,  and  thereby  indicating  a  gradual  subsidence  and  enlargement  of  the 
area  of  dejKwit  (p.  481).  But  all  these  confonnable  beds  repose  against 
an  older  platform  a  a,  with  which  they  have  no  dii*ect  connection.  Such 
a  surface  of  junction  is  called  an  unconformability^  and  the  upper  are  said 
to  be  unconformahle  on  the  lower  rocks.  The  latter  may  consist  of 
horissontal  or  inclined  clastic  strata,  or  contorted  schists,  or  eruptive 
massive  rocks.  In  any  case,  there  is  a  complete  break  between  them  and 
the  overlying  formation,  the  beds  of  which  rest  successively  on  different 
parts  of  the  older  mass. 

It  is  evident  that  this  structure  may  occur  in  ordinary  sedimentary'', 

*  8eo  J.  A.  Phillips,  Q.  J.  Ged.  Soc.  xxxv.  p.  390. 

'  Henwood,  AddreM  Roy.  Inst  CamtccUl,  1871.  J.  A.  Phillips,  Phil.  Mag.  Novom- 
ber  1868,  December  1871,  July  1873,.March  1874,  'Ore  Deposits,'  1884.  p.  73.  J.  S. 
Kewbenr,  iSbAool  of  Mines  Quarterly^ 'Sevr  York,  March  1880.  J.  A.  Churoh,  *Thc 
GomBtock  Lode,'  Ito,  New  York,  1879.  8terry  Hunt,  'Chemical  aud  Geological 
Ksaavs,*  1875,  p.  183.  Brough  Smyth's  *  Goldfiolds  of  Victoria,'  Melbourne,  18(>9.  F. 
Saadborger,  *  Untcrsuchungen  fiber  Erzgauge,"  part  i. 
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i^eous,  or  nietamorpliic  rocks,  or  botwoon  any  two  of  those  great  series. 
It  is  most  familiarly  displayed  among  elastic  formations,  and  can  there 
1)6  most  satisfactorily  studied,  since  the  lines  of  1)edding  furnish  a  ready 
means  of  detecting  differences  of  inclination  and  discordance  of  super- 
position. But  even  among  igneous  protrusions,  and  in  ancient  meta- 
morpliic  masses,  distinct  evidence  of  imconformability  is  occasiunallj 
traceable.  Wherever  one  scries  of  rocks  is  found  to  rest  upon  a  highly 
<lenuded  surface  of  an  older  series,  the  junction  is  unconformable.^ 
Hence,  an  uneven  irregularly-wom  platform  below  a  succession  of  mutu- 
ally conforma})lo  rocks  is  one  of  the  most  oharacteristio  features  of  this 
kind  of  structure. 

It  has  already  been  ix)inted  out,  that  though  conformable  rocks  may 
usually  be  presumed  to  have  followed  each  i>ther  continuously  without 
any  great  disturbance  of  geographical  conditions,  we  cannot  always  he 
safe  in  such  an  inference.    But  an  unconfonnability  leaves  no  room  to 
dt)ubt  that  it  marks  a  decided  break  in  the  continuity  of  deposit.    Hence 
no  kind  of  geological  stnicture  is  of  higher  importance  in  the  interpreta- 
tion of  the  history  of  the  stratified  formations  of  a  country.    In  rare 
cases,  an  unconformability  may  occur  between  two  horizontal  grouj^s  of 
strata.    On  the  left  side  of  Fig.  311,  for  instance,  the  beds  d  follow 
horizontally  upon   the  horizontal  lx)ds  (a).     "Were  merely  a  limited 
section  visible,  disclosing  only  this  relation  of  the  rocks,  the  two  grunjw 
a  and  d  might  bo  mistaken  for  conformable  portions  of  one  euntiinu'us 
scries.     Further  exammation,  however,  would  lead  to  the  detection  \i 
evidence  that  the  limestone  a  had  been  ui)raised  and  unequally  dcniuK"«l 
before  the  deposition  of  the  overlying  strata  bed,     Tliis  deun«lati"n 
would  sliow  that  the  api)arent  confonnability  was  merely  hx*al  ami 
accidental,  the  older  rock  having  really  l>een  upraised  and  w(>m  il'»>vii 
before  the  formation  of  the  newer.     In  such  a  case,  the  upheaval  um^t 
have  been  so  uniform  over  some  tracts  as  not  to  disturb  the  horizontality 
of  tlio  lower  strata,  so  that  the  younger  deposits  lie  in  apparent  (vi^' 
formability  upon  them. 

As  a  rule,  however,  it  seldom  happens  that  movements  of  this  kin'l 
have  taken  place  over  an  extensive  area  so  e({imbly  as  not  to  product' * 
want  of  coincidence  somewhere  between  the  (.>lder  and  newer  n^k"- 
Most  irecjuently,  the  older  formations  liave  been  tilted  at  various  aiijrlt^ 
or  evun  i)laced  on  end.  They  have  likewise  been  irregularly  and  i-fw" 
onormouslv  worn  down.  Hence,  instead  <.>f  Ivinjx  parallel,  tlie  vonni^r 
biMls  run  transgressively  across  the  uj)tunied  denuded  ends  of  theol'K'^' 
'J'Jic  i;-reafer  tlie  disturbance  of  tlie  older  rocks,  the  more  marked  is  tk 
]in(()iif<)rniability.  In  Fig.  .'U2,  the  lower  series  of  IxmIs  (c)  has  k-*" 
npmrnijd  and  dennde<l  before  the  depositij^ii  of  the  U]>per  series  c'^) 
njM>n  them.  In  this  instance,  the  upper  worn  siu-face  of  the  limest^int-^ 
((• )  lias  been  perforated  by  lx)ring  mollusks  beh.>w  the  sandy  stratum  [})' 

*  Tho  occnrrcnco  of  considorable  contompomncous  (.rosion  bctwci'n  undoubtt^l'f 
cniformablo  strata  belonging  to  one  continuous  geological  series  has  ttlrcftdy  Tpp*  ^60-1'"^ 
bten  described. 
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I  nncouformability  fumis  ouo  <if  tho  fp^at  Lreaks  iu  tho  geological 
.  In  Fig.  213  (p.  481),  by  way  of  illustration,  wo  aee  at  once  that 
.ble  biatua  in  deposition,  and  tbcreforo  in  geological  chronology, 
exist  between  the  older  conformable  series,  a  h  c,  and  the  later 

by  which  these  are  covered.  The  former  had  licen  deposited, 
,  wpheaved,  and  worn  down  before  tho  nccnmiilation  of  Ihe  newer 
upon  their  denuded  edges.  These  changes  must  liavo  demanded  a 
eraUe  lapse  of  time.  Yet,  looking  merely  at  the  strnetiire  in  itself, 
ive  evidently  no  means  of  fixing,  even  relatively,  the  length  of 
b1  marked  by  an  unconformability.  By  ascoi-taiuing,  from  some 
region,  tho  fnll  suite  of  formations,  we  leam  what  members  of  the 
sion  are  wanting.  In  this  way. 
Id  be  discovered  that  the  greater 
if  the  Carboniferous  system,  the 

of  the  Permian,  and  the  Trias  up 

base  of  tho  Lias  are  absent  from 
Tonnd  represented  in  Fig.  311. 
lere  violence  of  contrast  between 
of  vertical  bods  below  and  a  hori-    ^'£„?7-?l™,';5!r~l"^  w!^ 

omul  »nd  InQlliwd  itrai".    7"'"* 

group  above,  is  m  itself  no  cor--      (« ft)  t«iing  on  CsrhonifMo 

reliable  criterion  of  the  relative 

of  time  between  their  deposition ;  for  obvionsly,  an  older  portion 
^ven  formation  might  be  tilted  on  end,  and  bo  overlaid  nncon- 
bly  by  a  later  part  of  the  same  formation.  A  sot  of  flat  rocks 
;h  geological  antiquity  may,  on  the  other  band,  !»  conformably 
d  by  a  formation  of  comparatively  recent  date,  yet,  in  spite  of  tlio 
of  discorilauce  iMstween  tho  two,  they  might  liavo  Ijcen  sejinrated 
large  portion  of  the  total  sum  of  geological  time.  Further  ex- 
,tion  will  usually  sufGce  to  show  that  tho  con  formal  itlity  in  sucli 
is  only  partial  or  accidental,  and  that  localities  may  1»  found 
1  the  formations  are  distinctly  unconfoi-mablo.  From  tho  centre 
of  tlie  section  in  Fig.  313,  for  example, 
_  the  two  grou)ia  of  rwks  might,  on  casual 

^^^t^j--' MC-jy//:.      examination,  be  ]ironouncod  to  1»  con- 
113.— SfPiioii  of  iriqni  a«epiHT  f(iniiftble.  Yet  at  short  distances  on  either 

nnorma.  iij.  niAo,  pHKifs  of  Violent  unconfiinnability 

onspicuouM.  It  sometimes  hapi>on»  that  more  than  one  iineon- 
bility  may  Iw  detected  in  the  same  section.  Thus  in  Fig,  314, 
rcak  iKitweoii  tlie  quarts-.ite  (q)  and  Old  Red  Sandstime  (s)  is  t^i 
re  much  more  violent  and  com|ilete  than  that  between  the  saiid- 

and  the  overlying  gravels  and  clays  (d).     Yet  there  can  lie  no 

that  tho  interval  separating  the  epoch  of  the  quartzite  from  that 
)  sandstone  was  brief,  when  compared  witli  tlio  vast  lapse  of  time 
ator\-eiieil  Itctween  the  nearly  flat  sandstones  and  overlying  sujier- 

deposits.  It  is  by  the  ovideneo  of  organic  remains  tbaf  tlie 
vo  importance  of  unconfonnabilities  inust  be  measured,  iis  will 
plainixl  in  Hook  V. 

1^ 


594 


QEOTECTOmC  (STSVCTUSAL)   GEOLOQY.       [Bookk  IV 


Farauiuuut  though  tho  clt'o(^  of  itii  imcoufonuubility  may  ba  !■::>  tJio 
geological  stnictiiro  nf  a  wnmtry,  it  must  uovorthole&s  be,  wlion  vS.«wed 
nn  tho  largo  scale,  merely  local.  Tho  disturbance  by  which  it  mw 
proiluccd  can  have  affected  but  a  comparatively  circumscribed  r«>gi(m, 


beyond  tho  limitB  of  which  tho  continuity  of  sotliraontation  may  1"* 
been  uudiHturbcd.  We  may,  therefore,  always  6xi)ect  to  be  able  to  ^^  "P 
the  gftiM  in  ono  tliatiict  or  country  from  tho  luoro  complete  geolo^!**' 

foiiuationa  of  anotlkor. 
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BOOK   V. 

PAL^ONTOLOGICAL  GEOLOGY. 

r  treats  of  the  stmctiiro,  affinities,  classification,  and  dis- 
[me  of  the  forms  of  plant  and  animal  life  imbedded  in  the 
earth's  crust.  Considered  from  the  liiological  side,  it  is  a 
y  and  l)otany.  A  proper  knowledge  of  extinct  organisms 
;tained  by  the  study  of  living  forms,  while  our  acquaintance 
►ry  and  structure  of  modem  organisms  is  amplified  by  the 
of  their  extinct  progenitors.  Viewed,  on  the  other  hand, 
jTsical  side,  palseontology  is  a  branch  of  geology.  It  is 
i  latter  aspect  that  it  will  here  be  discussed. 
)gy  or  Palaiontological  Geology  deals  wth  fossils  or 
Ds  preserved  in  natural  deposits,  and  endeavours  to  gather 
brmation  as  to  the  history  of  the  globe  and  its  inhabitants, 
s  s  i  1,  meaning  literally  anything  "  dug  up,"  was  formerly 
jriminately  to  any  mineral  substance  taken  out  of  the 
whether  organised  or  not.  Ordinary  minerals  and  rocks 
eluded  as  fossils.  For  many  years,  however,  the  meaning 
las  been  so  restricted  as  to  include  only  the  remains  or 
:8  and  animals  j^reserved  in  any  natural  formation,  whether 
oose  superficial  deposit.  The  idea  of  antiquity  or  relative 
ecessarily  involved  in  tliis  conception  of  the  term.  Thus, 
sheep  buried  under  gravel  and  silt  by  a  modem  flood,  and 
ystalline  traces  of  a  coral  in  ancient  masses  of  limestone, 
Bsils.^  Nor  has  the  term  fossil  any  limitation  as  to  organic 
icludes  not  merely  the  remains  of  organisms,  but  aLso 
directly  connected  \\'ith  or  produced  by  these  organisms, 
in  which  exuded  from  trees  of  long-perished  f<»re8ts  is  as 
as  any  p)iii<>n  of  the  stem,  leaves,  flowers,  or  fruit,  and  in 
,  is  even  more  valuable  to  the  geologist  than  more  deter- 
ins  of  its  parent  trees,  because  it  has  often  j^reserved  in 
•footion  the  insects  which  flitted  about  in  the  woodlands. 
KT  trails  of  a  wonn,  preserved  in  sandstone  and  shale,  claim 
I  fossils,  and  indeed  are  commonly  the  only  indications 
Jl  of  the  existence  of  annelide  life  among  old  geological 

fiMl**  is  Bometimcs  wrongly  used  as  syiionTmoas  with  ^  petiiGeil,** 
jr  tM  the  itttolemble  barbArifni  of  "  nub-fnenl." 
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formatif  jns.    The  droppings  (coprolitoft)  of  fishes  and  reptiles  arc  eix^Vlcni 
fossils,  and  tell  their  tale  as  to  the  presence  and  f<x)d  of  vortchrate  life  in 
ancient  waters.    The  little  agglntinated  cases  of  the  caddis-worm  remain 
as  fossils  in  formations  from   which  perchance   most   other  traces   ^* 
life  may  have  passed  away.     Nay,  the  very  handiwork  of  man,  whr»''^ 
preserved  in  any  natural  manner,  is  entitled  to  rank  among  ftissilr*'' 
as  where  his  flint-implements  liave  l)een  drop^^ed  into  the  prehistor:^  ^ 
gravels  of  river- valleys,  or  where  his  canoes  have  l)een  buried  in  the  si^^- 
of  lake-hot toms. 

The  term  fossil,  moreover,  snifers  no  restriction  as  to  the  condition 
state  of  preservation  of  any  organism.     In  some  rare  instances,  the  ve: 
flesh,  skin,  and  hair  of  a  mammal  have  been  preserved  for  thousands 
years,  as  in  the  case  of  mammoth  carcases  entombed  in  the  frozen  mud 
cliffs  of  Siberia.     Generally,  all  or  most  of  the  original  animal  matte: 
has  disappeared,  and  the  organism  has  been  more  or  less  completel 
mineralized  or  petrified.     It  often  happens  that  the  whole  organism  hi 
decayed,  and  a  mere  cast  in  amorphous  mineral  matter,  as  sand,  olay 
ironstone,  silica,  or  limestone,  remains ;  yet  all  these  variations  must 
comprised  in  the  comprehensive  term  fossil. 

Two  preliminary  questions  demand  attention :  in  the  first  place,  ha 
remains  of  plants  and  animals  come  to  be  entombed  in  rocks,  and  in  th^^  —4® 
second,  how  they  have  been  preserved  there  so  as  now  to  be  recognifiable-^Ei^** 

§  i.  Conditions  for  the  entombment  of  organic  remains.— Ir^^Hf 
what  takes  place  at  the  present  day,  may  fairly  be  taken  as  an  indicatior^c^fn 
of  what  has  been  the  ordinary  condition  of  things  in  the  geological  pastr:^"^^ 
there  must  have  been  so  many  chances  against  the  conservation  of  either"  obt 
animal  or  plant  remains,  that  their  occurrence  among  stratified  forma^.^^^ 
tions  should  be  regarded  as  exceptional,  and  as  the  result  of  varioui -•'-^w 
fortunate  accidents. 

1.  On  land. — Let  us  consider,  in  the  first  place,  what  chances  exi»p=»-S»t 
for  the  preservation  of  remains  of  the  present  faima  and  flora  of  a  countrji?^ 
The  surface  of  the  land  may  be  densely  clothed  with  forest,  and 
dantly  peopled  with  animal  life.  But  the  trees  die  and  moulder  into  soi'  S:^^* 
The  animals,  too,  disappear,  generation  after  generation,  and  leave  fe^^^^^^^pw 
perceptible  traces  of  their  existence.  If  we  were  not  awaro  fro: 
authentic  records  that  central  and  northern  Euroj^e  was  covered  wi 
vast  forests  at  the  beginning  of  our  era,  how  could  we  know  this  fac 
What  has  l)ecome  of  the  herds  of  wild  oxen,  the  bears,  wolves,  and  otli 
denizens  of  the  lowlands  of  primeval  Europe?  How  could  we  pro 
from  the  examinatit>n  of  the  soil  of  any  European  country  that  th 
creatures,  though  now  locally  extinct,  had  once  al)ounded  there? 
might  Kcarcli  in  vain  for  any  superficial  traces  of  them,  and  shoii 
learn  by  so  doing  that  the  law  of  nature  is  everj^vhere  "dust 
dust." 

The  conditions  for  the  preservation  of  relics  of  teirestrial  (includim  '"'g 
freshwater)  plant  and  animal  life  must,  therefore,  Ik)  always  local,  and,    ^*> 
to  say,  exceptional.     They  are  supplied  only  where  organic  remains  o^n 
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protected  fix)m  air  and  superficial  decay.  Hence,  they  may  be  observed 
lakes,  peat-mosses,  deltas  at  river  mouths,  caverns,  deposits  of  mineral 
ings  and  of  volcanoes. 

a.  Lake$, — Over  the  floor  of  a  lake,  deposits  of  silt,  peat,  marl,  &c.,  luro  formed. 
>  these,  the  trunks,  branches,  leaves,  flowers,  fruits,  or  seeds  of  plants  from  the 
^hboaring  land  may  be  carried,  together  with  the  bodies  of  vertebrates,  birds,  and 
wis.  An  occasional  storm  may  blow  the  lighter  debris  of  the  woodlands  into  the 
er.  Such  portions  of  the  wreck  as  are  not  washed  ashore  again,  may  sink  to  the 
torn,  where  they  will,  for  the  most  part,  probably  rot  away,  so  that,  in  the  end,  only  a 
f  small  fraction  of  the  whole  vegetable  matter,  cast  over  the  lake  by  the  wind,  is 
Bred  up  and  preserved  at  the  bottom.  In  like  manner,  the  remains  of  volant  and 
1  animalii,  swept  by  winds  or  by  river-floods  into  the  lake,  run  so  many  risks  of 
loliifcion,  that  only  a  proportion  of  them,  and  probably  merely  a  small  proportion, 
lid  bo  preserved.  When  we  consider  these  chances  against  the  conservation  of  the 
^stable  and  animal  life  of  the  land,  we  must  admit  that,  at  the  best,  lake-bottoms 
I  cxmtain  but  a  meagre  and  imperfect  representation  of  the  abundant  life  of  the 
loent  hills  and  plains.  Lakes,  however,  have  a  distinct  flora  and  fauna  of  their  own. 
Bir  aquatic  plants  may  be  entombed  in  the  gathering  deposits  of  the  bottom.  Their 
llnaks,  of  characteristic  types,  sometimes  form,  by  the  accumulation  of  their  remains, 
ets  of  soft  calcareous  marl  (pp.  169,  448),  in  which  many  of  the  xmdecayed  shells 

pvBSorved.     Their  fishes,  likewise  distinctly  lacustrine,  no  doubt  must  often  bo 
iombed  in  the  silt  or  marl. 

&.  Peat-mone^. — ^Wild  animals,  venturing  on  the  more  treacherous  watery  parts  of 
&i-bog8,  are  sometimes  engulfed  or  '*  laired."  The  antiseptic  qualities  of  the  peat 
their  remains  from  decay.  Hence,  from  European  peat-mosses,  numerous 
of  deer  and  oxen  have  been  exhumed.  Evidently  the  larger  beasts  of  the 
^eat  ought  chiefly  to  be  looked  for  in  these  localities  (p.  445). 

e.  DeUcu  at  river-mouths, — ^It  is  obvious  that,  to  some  extent,  both  the  flora  and  the 
una  of  the  land  may  be  buried  among  the  sand  and  silt  of  deltas  (p.  373).  But 
ongh  occasional  or  frequent  river-floods  sweep  down  trees,  herbage,  and  the  bodies  of 
id-animals,  the  carcases  so  transported  run  every  risk  of  having  their  bones  separated 
d  dispersed,  or  of  decaying  or  being  otherwise  destroyed,  while  still  afloat ;  and  even  if 
ej  reach  the  bottom,  they  tend  to  dissolution  there,  unless  speedily  covered  up  and 
otected  by  fresh  sediment.  Delta-formations  can  scarcely  be  expected  to  preserve 
ore  than  a  meagre  outline  of  the  varied  terrestrial  flora  and  fauna. 

d.  Caverns, — These  are  eminently  adapted  for  the  preser>'ation  of  the  higher  forma 

terrestrial  life  (pp.  341,  915).  Most  of  our  knowledge  of  the  prehistoric  mammalian 
.una  of  Europe  is  derived  from  what  has  been  disinterred  from  hone-caves.  As  those 
loeflMS  lie,  for  the  most  part,  in  limestone  or  in  calcareous  rock,  their  floors  are  commonly 
laled  witli  stalagmite  from  the  drip  of  the  roof ;  and  as  this  deposit  is  of  great  closeness 
)d  dorability,  it  has  effectually  preserved  whatever  it  has  covered  or  enveloped.  The 
%YeB  have,  in  many  instances,  served  as  dens  wherein  slept  predatory  beasts,  like  the 
yssna,  cave-lion,  and  cave-bear,  and  into  which  some  of  them  dragged  their  prey.  In 
ther  cases,  they  have  been  merely  holes  whither  different  animals  crawled  to  die,  or 
ito  which  they  fell  or  were  swept  by  inundations.  Under  whatever  circumstances  the 
nimals  left  their  remains  in  these  subterranean  retreats,  the  bones  have  been  covered 
p  and  preserved.  Still  we  must  admit  that,  after  all,  only  a  small  fraction  of  the 
nimals  of  the  time  would  enter  the  caves,  and  therefore  that  the  evidence  of  the 
avem-deposits,  profoundly  interesting  and  valuable  as  it  is,  presents  us  with  merely  a 
;limp6e  of  one  aspect  of  the  life  of  the  land. 

e.  Deposits  of  mine^al'springs. — The  deposits  of  mineral  matter,  resulting  firom  the 
fvaporation  of  mineral  springs  on  the  surface  of  the  ground,  serve  as  receptacles  for 
iccaaional  leaves,  land-nhells,  insects,  dead  birds,  small  mammals,  and  other  remains  of 
he  plant  and  animal  life  of  tlui  land  (pp.  340.  01 T)). 
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f.  Volcanic  depo%Hs.—^\\QQi»  of  lava  and  showers  of  Tolcanio  duet  may  entomb 
terrestrial  organisms  (pp.  100,  189).  It  is  obvions,  however,  that  even  over  the  tnu 
wherein  volc^inocs  occur  and  continue  active,  they  can  only  to  a  very  limited  Grtai( 
ontom})  and  preserve  the  Horn  and  fauna  of  the  land. 

2.  In  t li 0  S e a. — In  the  next  place,  if  we  turn  to  tlio  sea,  wo  find 
certainly  more  favourable  conditions  for  the  pre8er\''ation  of  (irganic 
ibrnis,  Liit  also  many  circumstances  which  oiK?rate  against  it. 

<(.  Littmal  depoHts, — While  the  level  of  the  land  remains  stAtioiiary,  tlicrc  can  be 
but  little  effective  entr>mbment  of  marine  organisms  in  littoral  deposits ;  for  only  • 
limited  accumulation  of  sediment  will  be  formed  until  subsidence  of  the  aea-floor  taJui 
place.  In  the  trilling  beds  of  sand  or  gravel  thrown  up  on  a  stationary  shore,  only  the 
harder  and  more  durable  forms  of  life,  such  as  gasteropods  and  lamellibranchs,  vhieb 
can  withstand  the  triturating  eifects  of  the  beach- waves,  are  likely  to  remain  unefbced. 

h,  Deejyer-icati.r  terrujcnous  depoaiU. — ^Bclow  tide-marks,  along  the  margin  of  land 
whence  sediment  is  derived,  conditions  are  more  favoiurable  for  the  preservation  of 
marine  organisms.  Sheets  of  sand  and  mud  are  there  laid  down,  wherein  the  haider 
imrts  of  many  forms  of  life  may  be  entombed  and  protected  from  decay.  Bat  profattblj 
only  a  small  proportion  of  the  fauna  that  crowds  these  marginal  ^-ati^n  of  the  oonc, 
with  perhaps  an  occasional  pelagic  species, 'may  be  expected  to  occur  in  such  dqxHfits. 
Moreover,  for  the  entombment  and  preservation  of  the  remains  of  these  organisms,  tbeic 
must  obviously  be  a  sufficiently  abundant  and  rapid  deposit  of  sediment,  combined  vith 
a  slow  depression  of  the  sea-bottom.  Under  the  most  favourable  conditions,  therefoR, 
the  organic  remains  actually  preserved  will  usually  represent  little  more  than  a  men 
fraction  of  the  whole  assemblage  of  life  in  these  juxta-terrestrial  parts  of  the  ocean. 

0.  Ahynnml  dejwsiU. — In  proportion  to  distance  from  land,  the  rate  of  depositian  of 
sc^limcnt  on  the  sea-floor  must  becomo  feebler,  until  in  the  remote  central  abysM 
it  reu(^hes  a  hardly  appreciable  minimum,  while  at  the  same  time,  the  solution  of 
calcareous  organisms  may  becomo  marked  in  deep  water.     KxcejU,  therefore,  wIh-w 
organic  dcjpositri,  such  as  o<:»zc,  are  forming  in  these  more  pelagic  regions,  the  conditions 
must  bo  on  tlio  whole  imfavourable  for  the  preservation  of  any  adequate  reprc:4out;itioo 
of  the  deci>-sea  fauna.     Hard  enduring  objects,  such  as  teeth  and  bones,  may  tlowly 
accumulate  and  be  protected  by  a  coating  of  jieroxide  of  manganese,  or  of  silioiites,  surh 
as  are  now  forming  here  and  there  over  the  deep  8ea-lx»ttom.     Yet  a  deiiotfit  of  thii 
nature,  if  raised Jnto  land,  would  supply  but  a  meagre-  picture  of  the  life  of  the  sea. 

In  considering  the  various  conditions  under  which  marino  organbms  nwy  ho 
entombed  and  preserved,  we  must  take  into  account  certain  occassional  phenomena,  when 
sudden,  ar  at  least  rapid  and  extensive,  destruction  of  the  fauna  of  the  sea  may  be  earned. 
(1)  Earthquake  shocks  have  been  followed  by  the  washing  ashore  of  vast  quantitift 
of  dead  fish.*  (2)  Violent  storms,  by  driving  shoals  of  tishes  into  shallow  water  and 
against  rocks,  produce  enormous  destnietion.  Dr.  I^eith  Adams  de6t^ril>e8  the  ctwuftof 
IMirt  of  the  Bay  of  Fundy  as  being  covered  to  a  depth  of  a  foot  in  some  places  witli 
dead  fish,  daslied  ashore  by  a  storm  on  the  24th  of  September,  I8ti7."  (3)  Coj'iotu 
discharges  of  fresh  water  into  the  sea  have  been  observed  to  cause  extensive  mortJiiJ 
among  marine  organisms.  Thus,  during  the  S.W.  monsoon  and  aecoujimnyiug  luavr 
rains,  the  west  coasts  of  some  parts  of  India  arc  covered  witli  dead  iish  tbrowu  sAm' 
from  the  sea.'  (4)  A  sudden  irruption  from  the  outer  sea  into  a  sheltered  and  partially 
brackish  inlet  may  cause  the  extinction  of  many  of  the  denizens  of  tlic  latter,  Uiuuirb  * 
few  may  be  able  to  survive  the  altered  conditions.*     (5)  Volcanic  explosions  bare  bitn 


'  C.  i'orbus.  (^.  J.  (koL  SiM'.  xiv.  (1S5«)  p.  2^4. 

•  Q.  J.  Geol.  Soc.  xxix.  p.  303. 

■  Denison,  op,  Ht.  xviii.  p.  453.    Nainre  (December  ID,  1872,  p.  124)  gives  niintli'' 
instance. 

*  Forchhammer, i&Wn.  A>tr.  Vhil,  Jounu  xxxi.  p.  Gi».    Xaturoy  i.  p.  4r>4;  xiii.  ]».  107 
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observed  to  oaiisc  considerable  dcRtruction  to  marine  life,  either  from  the  heat  of  the 
lava,  or  from  the  nbuodance  of  ashes  or  of  poisonous  gases.  (G)  Want  of  oxygen,  when 
fishes  are  cruwdetl  together  in  frightened  slioals,  or  when,  burrowing  in  sand  and 
mud,  they  are  overwhelmed  with  rapidly  accumulating  detritus,  is  anotlier  cause  of 
mortality.'  (7)  Shoals  of  fish  are  sometimes  driven  iishorc  by  the  largo  predatory  denizens 
of  the  deep,  such  as  whales  and  porpoises.  (8)  Too  much  or  too  little  heat  in  shallow 
water  leads  to  the  destmction  of  fish.  Large  numbers  of  salmon  are  sometimes  killed  in 
the  pools  of  a  river  during  dry  and  hot  weatlier.  (9)  Considerable  mortality  occa- 
■ionally  arises  along  the  littoral  zone  from  the  eifccts  of  severe  frost.  (10)  Various 
diseases  and  parasites  affect  fish,  and  lead  directly  to  their  death,  or  weaken  them 
■o  that  they  are  more  easily  caught  by  their  enemies.'  Such  phenomena  suggest 
pfobable  causes  of  death  in  the  case  of  fossil  fishes,  whoso  remains  are  sometimes 
ciowded  together  in  various  geological  formations. 

Of  the  whole  sea-floor,  the  area  Lest  adapted  for  i)reserving  organic 
cmvite  is  obviously  that  helt  in  which  life  is  most  varied  and  abundant, 
and  where,  along  the  margin  of  the  land,  fresh  layers  of  sediment,  trans- 
ported by  rivers  and  currents  from  the  adjacent  shores,  are  accumulating. 
The  most  favourable  conditions  for  the  accumulation  of  a  thick  piass  of 
marino  fossiliferous  strata  will  arise  when  the  area  of  depcxsit  is  under- 
going a  gradual  subsidence.  If  the  rate  of  depression  and  that  of  deposit 
bo  equal,  or  nearly  so,  the  movement  may  proceed  for  a  vast  i)eriod 
without  producing  any  great  ai)parent  change  in  marine  geography, 
and  even  without  seriously  affecting  the  distribution  of  life  over  the  sea- 
floor  within  the  area  of  8ul)sidonce.  IIundrcHls  or  thousands  of  feet  of 
sedimentary  strata  may  conceivably  \yQ  in  tliis  way  lieai)e<l  up  round  the 
continents,  containing  a  fragmentary''  series  of  remains,  chiefly  forms  of 
shallow-water  life  which  had  hard  parts  capable  of  preservation. 

There  can  be  little  doubt  that  such  lias,  in  fact,  been  the  hist(jry  of 
tho  main  mass  of  stratified  formations  in  the  earth's  crust.  Tlicse  pik's 
of  marine  strata  have  unciuestionably  been  laid  do>m  in  comparatively 
shallow  wator,  within  the  area  of  dcpasit  of  terrestrial  sediment.  Their 
great  depth  seems  only  explicable  l>y  imdonged  and  repeated  movements 
of  Bulwidence,  interrui)ted,  liowever,  as  we  know,  by  other  movements  of 
a  contrarj'^  kind.  These  geograpliical  clianges  affected  at  once  the 
deposition  of  inorganic  materials  and  the  succession  of  organic  forms. 
Ono  series  of  strata  is  sometimes  abrni>tly  succeeded  by  another  of  a 
verj'  different  character,  and  we  not  uncommonly  find  a  corresponding 
contrast  l)Ctweon  their  respective  organic  contents. 

It  ftdlows,  from  tliese  conclusions,  that  rc])rcsentatives  of  the  abysmal 
dei>«»sits  of  tlie  central  oceans  are  not  likely  to  be  met  with  among  the 
geological  formations  of  jiast  times.  Thanks  to  the  great  work  done  by 
tho  Challemjer  expedition,  we  know  what  are  the  leading  charactei*s  of 
tho  accumulations  now  forming  on  the  dcci>cr  parts  of  the  ocean-floor. 
They  have  absolutely  no  analogy  among  the  formations  of  the  earth*s 
cnist.  They  differ,  indeect,  so  entirely  from  any  formation  whidi 
geologists  have  considered  to  l»o  of  deei)-water  origin  as  to  indicate  that, 

«  Sir  J.  W.  Dawson,  GcohgUt,  ii.  (1859)  p.  21 G. 

«  For  fiUler  references,  see  an  interesting  paper  hy  Prof.  T.  \\,\\\)Qri  JoncH,  (hoi  Mmj, 
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from  early  geological  times,  the  present  great  areas  of  land  and  sea  bave 
remained  on  the  whole  where  they  are,  and  that  the  land  consists  mainly 
of  strata  fonued,  at  successive  epochs,  of  terrestrial  ddbris  laid  down  in 
the  siirruundiug  comparatively  shallow  seas. 

§  11.  Preservation  of  organic  remains  in  mineral  xnaases.— The 
condition  of  the  remains  of  plants  and  animals  in  rock-formations  depends, 
first,  upon  the  original  structure  and  composition  of  the  organisms,  and 
secondly,  upon  the  manner  in  which  their  '*  fossilization  "  that  is,  their 
entombment  and  preservation,  has  been  effected. 

1.  Influence  of  original  structure  and  composition. 

— The  diirability  of  organisms  is  determined  by  their  composition  and 

structure. 

The  internal  skeletons  of  most  vertebrate  animals  consist  mainly  ofphosphateof 
lime;  in  sanrians  and  fishes,  there  is  also  an  exo-skeleton  of  hard  bony  plates  or  of 
scales.  It  is  these  durable  portions  that  remain  as  evidence  of  the  foimer  eziBtenice 
of  vertebrate  life.  The  hard  parts  of  invertebrates  present  a  greater  variety  of  com- 
position.. In  the  vast  majority  of  cases,  they  consist  of  calcareoua  matter,  either 
calcito  or  aragonite*  The  carbonate  of  limo  is  occasionally  stroDgtbened  by 
phosx)hatc,  while  in  a  few  cases,  as  in  the  homy  brachiopods,  in  ConutariOf  Serpula,  and 
some  other  forms,  the  phosphate  is  the  chief  constituent.^  Next  in  abundance  to  lime 
is  silica,  which  constitutes  the  frustules  of  diatoms  and  the  harder  parts  of  many 
protozoa,  and  is  found  also  in  the  teeth  of  some  moUusks.  The  intQguments  of  inseeti, 
the  carapaces  of  Crustacea,  and  some  other  organisms,  are  composed  fmidamentaUy  of 
c h  i  ti  n,^  a  transparent  homy  substance  wliich  can  long  resist  decomposition.  In  tbo 
vegetable  kingdom,  the  substance  known  as  cellulose  forms  the  essential  pari  of 
the  framework  of  plants.  In  dry  air,  it  possesses  considerable  durability,  also  when 
thoroughly  water-logged  and  excluded  from  meteoric  influences.  In  the  latter  oonditioD, 
imbedded  amid  mud  or  saud,  it  may  last  until  gradually  petrified.^ 

It  is  a  familiar  fact  that  in  the  same  stratum  different  organisms  occur  in  rcmarkabk 
different  states  of  conservation.  This  is  sometimes  strikingly  exemplified  among  the 
inollusca.  The  conditions  for  their  preservation  may  have  been  the  some,  yet  some 
kinds  of  shells  are  found  only  as  empty  moulds  or  easts,  while  others  still  retain  their 
form,  composition,  and  structure.  This  discrepancy,  no  doubt,  ()oint8  to  original  dii^ 
forcuccs  of  chemical  composition.  The  aragonite  shells  of  a  stratum  may  be  entirely 
dissolved,  while  those  of  calcito  may  remain  (p.  168).  The  presence,  therefore,  only 
of  calcite  forms  does  not  necessarily  imply  that  others  of  aragonite  were  not  origiiully 
present.  But  the  conditions  of  petrifaction  have  likewise  greatly  varied.  In  the  cl»y» 
of  the  Mcsozoic  formations,  for  example,  cephalopoda  may  be  exhumed  retaining  even 
their  pearly  nacre,  while  in  corresponding  deposits  among  the  Pala)ozoic  systems  thcj 
arc  merely  crystalline  calcite  casts. 

2.  Fossilizatio ii. — Tlio conditions  in  which  organic rcmaios  have 
been  entombed  and  mineralized  may  bo  reduced  to  three  leading  tyi»e:>- 

(1)  The  oritjinal  siihdance  u  partly  or  ichully  2>re8erced. — Several  grades  may  ^*^ 
noticed:  {a)  where  the  entire  animal  subsUincc  is  retained,  as  in  tlie  frc)zen  carcast-s  ^ 
uiammothd  in  the  Siberian  cliffs  ;  (h)  where  the  organism  has  been  mmnmified  by  beiO^ 
cuciuscd  in  resin  or  gum  (indocts  in  ambet")  ;  (c)  where  the  organism  has  been  carbuniz*^ 


'  Logan  nnd  Ilimt,  Amtr.  Joura.  Sci,  xvii.  (1854),  p.  235. 

•  According  to  C.  Scliniidt,  the  composition  of  this  substance  is  C,  46*64 ;  II,  6"tJ*?  ' 
N,  OGO;  (),  40*20.  The  brown  chitin  of  Scottish  Carboniferous  scorpions  is  hanl^^ 
distinguishable  from  that  of  recent  species. 

^  ih\  cellulose  and  coal,  see  C.  F.  Cross  and  E.  J.  licvan,  Bril.  Af$oc,  1881,  ^^tv 

p.  go:). 
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i  or  without  retention  of  its  structure,  as  is  characteristically  shown  in  peat,  lignite, 
ooal ;  (d)  where  a  yariable  portion  of  the  original  substance,  and  especially  the 
inic  matter,  has  been  removed,  as  happens  with  shells  and  bones :  this  is  no  doubt 
of  the  first  steps  towards  petrifaction. 

^2)  The  original  nibttance  is  entirely  removed,  with  retention  merely  of  external 
t. — ^Mineral  matter  gathers  round  the  organism  and  hardens  there,  while  the 
uum  itself  decays.  Eyentually  a  mere  mould  of  the  plant  or  animal  is  left  in  stone. 
Ej  stage  in  this  process  may  be  studied  along  the  margin  of  calcareous  springs  and 
■1118  (ante,  p.  446).  The  lime  in  solution  is  precipitated  round  fibres  of  moss,  leaves, 
;■,  &C.,  which  are  thereby  incrusted  with  mineral  matter.  While  the  crust  thickens, 
ofgaoism  inside  decays,  until  a  mere  hollow  mould  of  its  form  remains.  Among 
tified  rocks,  sach  moulds  are  of  frequent  occurrence.  They  may  be  filled  up  with 
lanJi  matter,  washed  in  mechanically  or  deposited  as  a  chemical  precipitate,  so  that 
ist  in  stone  replaces  the  original  organism.  Such  costs  are  particularly  oonmion  in 
Isloine,  which,  being  a  porous  rock,  has  allowed  water  to  filter  through  it  and  remove 
■abstance  of  enclosed  plant-stems,  shells,  &c.  In  the  sandstones  of  the  Carboniferous 
teiy  casts  in  compacted  sand  of  stems  of  Lepidodendron  and  other  plants  are 
ndant  It  is  obvious  that  in  costs  of  this  kind,  no  trace  remains  of  the  original 
leture  of  the  organism,  but  merely  of  its  external  form. 

(8)  The  original  substance  is  molecularly  replaced  by  mineral  matter ^  with  partial  or 
treffreaervationof  the  internal  structure  of  the  organism. — This  is  the  only  true  p  e  t  r  i- 
ction.  The  process  consists  in  the  abstraction  of  the  organic  substances,  molecule 
moleeule,  and  in  their  replacement  by  precipitated  mineral  matter.  So  gradual 
I  thorough  has  this  interchange  often  been,  that  the  minutest  structures  of  plant  and 
mal  have  been  perfectly  preserved.  Silicified  wood  is  a  familiar  example  (see  p.  839). 
The  chief  substance  which  has  replaced  organic  forms  in  rocks  is  calcite, 
iier  crystalline  or  in  an  amorphous  granular  condition.  In  assuming  a  crystalline  (or 
t>ii8)  form,  this  mineral  has  often  observed  a  symmetrical  grouping  of  its  component 
ividuals,  these  being  usually  placed  with  their  long  axes  perpendicular  to  the  surface 
sn  organism.  In  many  cases,  among  invertebrate  remains,  the  calcite  now  visible  is 
mdomorphous  after  aragonitc  (p.  IG8).  Next  in  abundance  as  o  petrifying  medium 
1 11  ioa,  most  commonly  in  the  chalcedonic  form,  but  also  as  quartz.  It  is  specially 
pient  in  some  limestones,  as  chert  ond  flint,  replacing  the  carbonate  of  lime  in 
llmks,  echinoderms,  corals,  &c  It  also  occurs  in  irregular  aggregates,  in  which 
anisms  are  sometimes  beautifully  preserved .  It  forms  a  frequent  material  for  the 
liiaction  of  fossil  wood.  Silicification,  or  the  replacement  of  organisms  by  silica,  is 
process  by  which  minute  organic  structures  have  been  most  perfectly  preserved.  In 
licrosoopic  section  of  silicified  wood,  the  organisation  of  the  original  plant  may  be  as 
tinct  as  in  the  section  of  any  modem  tree.  Pyrites  and  marcasite,  especially 
I  latter,  are  common  replacing  minerals,  abundant  in  argillaceous  deposits,  as,  for 
jnple, among  the  Jurassic  and  Cretaceous  clays.  Bideritc  has  played  a  similar 
t  among  the  ironstones  of  the  coal-measures,  where  shells  and  plants  have  been 
•laced  by  it  Many  other  minerals  are  occasionally  found  to  hove  been  substituted 
the  original  substance  of  organic  remains.  Among  these  may  be  mentioned  glauco- 
9  (replacing  or  filling  forominifera),  vivionite  (specially  frequent  as  a  coating  on  the 
ftthered  surface  of  scales  and  bones),  borytes,  celestine,  gypsum,  talc,  lead-sulphate, 
bonate,  and  sulphide ;  copper-sulphide  and  native  copper ;  ha)matite  and  limonite ; 
o-carbonate  and  sulphide;  cinnabar;  silver-chloride  and  native  silver;  sulphur, 
uite,  phosphorite.* 

§  liL  Relative  Palseontological  value  of  organic  remains.— As 
9  conditions  for  the  preservation  of  organic  remains  exist  more  favour- 
ly  under  the  sea  than  on  land,  relics  of  marine  must  be  far  more  abiin- 

>  Both,  *  Chem.  Geol.'  i.  p.  G05.  Jannettaz,  Bull  Soc.  Geol  France  (3),  viL  p.  102. 
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ilanrly  conHervetl  iduuL  tiiaw  of  Uai— lilal  mtffonmm,   TUs  is  trae  io4sy« 
and  has  fliinhdeBB  been  true  in  all  pa«t  geolagical  tine.    Henoe,  fir  tbe 
purposes  of  the  geologigtr  fijarilriaiugngof  fnarinft  Smns  of  life  fiir  sozpui 
all  tfjtheiB  in  valne.    Among  thflm^  Aera  wiUnnrff— ifly  be  giadatioPi  in 
importance,  regnlated  cbiefiy  hj  ^uir  paannim  ef  haid  pttrtB,  readily 
aiuceptible  of  pteMrvmtlan  anung  msma  depoBtL    A wwig  the  Rotoaoi, 
fimuniniferay  radiolariana,  and  wptmga^  pniwiii^  rilioeoiiB  or  oaleenooi 
organiaationa,  ha^e  been  pieaeiweA  in  d^osii  of  all  ttgot.     Of  tbtt 
Cokenterates,  thoee  ^vdiicli.  Eke  tiw  coiah^  aecrete  a  cakareonu  skeletal 
are  important  iQck-bnildeiSb    The  JJBhiwWtBnna  have  teen  ao  a1imidMiti|y 
preserved  that   their  geoIofpiGal  hirtocj  and  derdopment  aie  better 
known  than  thoee  of  most  oflMBT  r Teawm  of  inf  egiehraiea.   The  AnneUdei^ 
on  the  other  hand  (except  wheie  Htmy  have  been  tabiooilar),  have  ahnoit 
entirely  disappeared,  tiiongh  their  Ibnner  preecnce  is  oft^  revealed  lij 
the  tntila  they  have  left  npon  sorfaces  of  sand  and  mnd.    Of  all  the 
marine  tribes  which  live  within  the  jnxta-terreatrial  belt  of  eedimento- 
tion,  mu^neitionably  the  MoHaaca  stand  in  the  finoni  rank,  aa  legsnb 
their  aptitude  fi>r  beooming  fbasila.    In  the  first  plioe^  they  almost  all 
possess  a  hard  dnraUe  shell,  composed  diiefly  of  mineral  matter,  capaUe 
of  resisting  considerable  abrasion,  and  readily  passing  into  a  mineralised 
condition.    In  the  next  place,  they  are  extremely  abondant  both  as  to 
in<lividiiala  and  genera.    They  occur  on  the  shore  np  to  high-wster 
mark,  and  range  thence  down  into  the  abysses.    Moreover,  they  appear 
to  have  possessed  these  qualifications  firom  early  geological  times.   In 
the  marine  Mollnsca,  therefore,  we  have  a  common  ground  of  oompsrison 
lx:tween  the  stratified  formations  of  different  periods.    They  have  bocn 
styled  the  alphabet  of  pakeontological  inquiry.    It  will  be  seen,  as  we 
proceed,  how  much,  in  the  interpretation  of  geological  history,  depends 
upon  the  testimony  of  sea-shells. 

Turning  next  to  the  organisms  of  the  land,  we  i)erceivo  that  the 
abundant  terrestrial  flora  has  a  comparatively  small  chance  of  bebg 
well  represented  in  a  fossil  state;  that  indeed,  as  a  rule,  only  that 
portion  of  it  of  which  the  leaves,  twigs,  flowers,  fruits,  or  trunks  are 
blown  into  lakes,  or  swept  down  by  rivers,  is  likely  to  bo  partially  pw* 
served.  Terrestrial  plants,  therefore,  oc«nr  in  conii)arative  rarity  ttmcog 
stratified  rocks,  and  furnish  in  consequence  only  limited  means  of 
comparison  between  the  fonnatious  of  diftercnt  ages  and  countries 
(see  pp.  000,  G17).  Of  land  animals,  the  vast  majority  perish,  and  leave 
no  permanent  trace  of  their  existence.  Predatory  and  other  forms,  whose 
remains  may  Tx)  looked  for  in  caverns  or  2>eat-mosses,  must  occur  mow 
numerously  in  the  fossil  state  than  birds,  and  are  corresi)ondingly  mow 
vulnablo  to  the  geologist  for  the  comparison  of  diiforont  strata. 

Another  character  dctennincs  the  relative  importance  of  fossils  a» 
geological  monuments.  All  organisms  havo  not  the  same  inherent  cap* 
liility  of  ^Hjrsistonce.  Tho  longevity  of  an  organic  type  has,  cm  tlic 
wliolo,  l)oen  in  inverse  pro^x^rtion  to  it,s  perfection.  The  more  compK* 
its  structure,  the  more  susceptible  has  it  been  of  change,  and  consequently 
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the  less  likely  to  be  able  to  withstand  the  influences  of  changing  climate, 
and  other  physical  conditions.  A  living  species  of  foraminifer  or  hra- 
chiopod,  endowed  with  comparative  indifference  to  its  environment,  may 
spreail  over  a  vast  area  of  the  sea-floor,  and  the  same  want  of  sensibility 
enables  it  to  endure  through  the  changing  physical  conditions  of  succes- 
sive geological  periods.  It  may  thus  possess  a  great  range,  both  in 
space  and  time.  But  a  highly-specialised  mammal  is  usually  confined 
to  but  a  limited  extent  of  country,  and  to  a  narrow  chronological  range.^ 
"  §  iv.  Uaea  of  PobbUs  in  Geology. — Apart  from  their  profound 
interest  as  records  of  the  progress  of  organised  being  upon  the  earth, 
fossils  serve  two  main  purposes  in  geological  research  :  (1)  to  throw  light 
upon  former  conditions  of  jihysical  geography,  such  as  the  i)resence  of 
land,  rivers,  lakes,  and  seas,  in  places  where  they  do  not  now  exist,  upon 
changes  of  climate,  and  upon  the  former  distribution  of  plants  and 
animals ;  and  (2)  to  funiisli  a  guide  in  geological  chronology  whereby 
rocks  may  be  classified  according  to  relative  date,  and  the  facts  of  geologi- 
cal history  may  be  arranged  and  interpreted  as  a  connected  record  of 
the  earth's  progress. 

1.  Changes  in  Physical  Geography. — A  few  examples 
will  suffice  to  show  the  manifold  assistance  which  fossils  furnish  to  the 
geologist  in  the  elucidation  of  ancient  geography. 

(a.)  Former  land-surfaces  are  revealed  by  tlio  presence  of  tree-stumps  in  their 
poeiiions  of  growth,  with  their  roots  branching  freely  in  the  underlying  stratum,  whicli, 
reprcscntlDg  the  ancient  soil,  often  contains  leaves,  fruits,  and  other  sylvan  remains, 
togc.iher  with  traces  of  the  bones  of  land-animals,  remains  of  insects,  land-shells,  &c. 
Ancient  woodland  surfaces  of  this  kind,  found  between  tide-marks,  and  even  below  low- 
water  line,  round  different  parts  of  the  British  coast,  unequivocally  prove  a  subsidence  of 
the  land  ('  Submerged  Forests,'  p.  265 ;  Cromer  *  Forest  Bed,'  p.  880).  Of  more  ancient 
date  arc  the  "dirt-lxids"  of  Portland  p.  709,  wlilch,  by  their  layers  of  soil  nud  tree- 
stumps,  show  that  woodlands  of  cycads  sprang  up  over  an  upraised  sea-bottom  and  were 
buried  beneath  the  silt  of  a  river  or  lake.  Still  further  back  in  geological  history  como 
the  numerous  coal-growths  of  the  Carboniferous  period,  pointing  to  wide  jungles  of  ter- 
restrial or  a<iuatio  plants,  like  the  modem  mangrove-swamps,  which  were  submerged 
and  covered  with  sand  or  silt  (p.  719). 

(5.)  The  former  existence  of  lakes  can  be  satisfactorily  proved  from  beds  of  marl 
or  lacustrine  limestone  full  of  freshwater  shells,  or  from  fine  silt  with  leaves,  fruits,  and 
insect  remains.  Such  deposits  are  growing  abundantly  at  the  present  day,  and  they 
occur  at  various  horizons  among  the  geological  formations  of  past  times.  The  well- 
known  Nagel  flue  of  Switzerland — a  mass  of  conglomerate  attaining  a  thickness  of  more 
than  1000  feet — can  be  shown  from  its  fossil  contents  to  be  essentially  a  lacustrine 
deposit  (p.  865).  Still  more  important  are  the  ancient  Eocene  and  Miocene  lake-form- 
ations  of  North  America,  whence  so  rich  a  terrestrial  and  lacustrine  flora  and  fauna  have 
been  obtained  (pp.  817, 858), 

(c.)  Old  sea-bottoms  arc  vividly  brought  before  us  by  beds  of  marine  shells 
and  other  organisms.  Layers  of  water-worn  gravel  and  sand,  with  rolled  shells  of 
titioral  and  infra-littoral  species,  unmistakably  mark  the  position  of  a  fonncr  shore-line. 
Deeper  water  is  indicated  by  finer  muddy  sediment,  with  relics  of  the  fauna  that  prevails 


been 
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»  Mr.  W.  T.  Blanford  points  out  that,  in  some  cases  at  least,  fluviatile  molhisks  have 
n  more  8hort-live<l  than  terrestrial  mammals.    A(hlr€>iHf  Giol  Section.  Brit.  Att»oc. 
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beneath  the  reach  of  wa?es  and  ground-swelL  LimeBtones  full  of  ooralB,  or  made 
up  of  crinoids,  point  to  the  slow,  continuous  growth  and  decay  of  generation  after 
generation  of  organisms  in  clear  sea-water. 

(d.)  Variations  in  the  nature  of  the  water,  or  of  the  sea-bottom,  maj  some- 
times  bo  shown  by  changes  in  the  size  or  shape  of  the  organic  remains.  If^  for  example, 
the  fossils  in  the  central  and  lower  parts  of  a  limestone  are  large  and  well-formed,  but 
in  the  upper  layers  become  dwarfed  and  distorted,  we  may  reasonably  infer  thai  the 
conditions  for  their  continued  existence  at  the  locality  must  haTO  been  gradoally 
impaired.    The  final  complete  cessation  of  these  favourable  conditions  is  shown  by  the  ^ 

replacement  of  limestone  by  shale,  indicative  of  the  water  having  become  muddy,  and  j 

by  the  dLsappearanee  of  the  organisms,  which  had  shown  their  sensitiveneflB  to  the  .^ 

change. 

(e.)  The  proximity  ofland  at  the  time  when  a  fossilifcrous  stratum  was  in  the  ^ 

course  of  accumulation  may  be  sufficiently  proved  by  mere  lithological  characters,  as  has  ^ 

been  already  explained ;  but  the  conclusion  may  be  further  strengthened  by  the  occurrence         ^^ 
of  leaves,  stems,  and  other  fragments  of  terrestrial  vegetation,  with  remains  of  insects,        .^^  , 

birds,  or  terrestrial  mammals,  which,  if  found  in  some  numbers  in  certain  strata  inter-       

calated  among  others  containing  marine  organisms,  would  make  it  improbable  that 
they  had  been  drifted  far  from  land  (see  p.  423). 

(/.)  The  existence  of  different  conditions  of  climate  in  former  geological  periods 
is  satisfactorily  demonstrated  from  the  testimony  of  fossils.    Thus,  an  assemblage  of  the 
remains  of  palms,  gourds,  and  melons,  with  bones  of  crocodiles,  turtles,  and  aea-enakes,, 
proves  a  sub-tropical  climate  to  have  prevailed  over  the  south  of  England  in  the 
Tertiary  ages  (p.  844).    On  the  otlier  hand,  the  cxteilsion  of  a  cold  or  arctic  clima< 
far  south  into  Europe  during  post-Tertiary  time,  can  be  shown  from  the  existence  ol 
remains  of  arctic  animals,  even  in  the  south  of  England  and  of  France  (p.  896). 
is  a  use  of  fossils,  however,  where  great  caution  must  be  used.    We  cannot  affirm  that 
because  a  certain  species  of  a  genus  lives  now  in  a  warm  part  of  the  globe,  ei 
species  of  that  genus  must  always  have  lived  in  similar  circumstances.    The  well-l 
example  of  the  mammoth  and  woolly  rhinoceros  having  lived  in  the  cold  north,  whil^f-f-Aild 
their  modern  representatives  inhabit  some  of  tbe  warmest  regions  of  the  globe,  may  In^^:^    ^ 
usefully  remembered  as  a  warning  against  any  such  conclusion.    When,  however,  not  ^xomMM^ssofi 
fossil  merely,  };ut  the  whole  assemblage  of  fossils  in  a  group  of  rocks,  finds  its  modenxrx^^*  ^ 
analogy  in  a  certain  general  condition  of  climate,  we  may,  at  least  tentatively,  infer  tha*. 
the  same  kind  of  climate  prevailed  where  that  assemblage  lived.    Such  an 
would  become  more  and  more  unsafe  in  proportion  to  the  antiquity  of  the  fossils,  anc^i 
Iheir  divergence  from  existing  forms. 

2.  Geological  Chronolog y. — Although  absolute  dates  cannor<^> ^imxfn 
bo  fixed  in  geological  chronology,  it  is  not  diflScult  to  determine  th^-rf-^***^^ 
relative  age  of  different  strata.  For  this  purpose  the  fundamental  law^^*-*^ 
is  based  on  the  "  order  of  super^Kwition  "  (pp.  486,  626) :  in  a  series  o:<:>  *  ^^ 
stratified  formations,  the  older  underlie  the  younger.  It  is  not  m 
that  we  should  actually  see  the  one  lying  below  the  other.  If  a  eontinuoi 
conformable  succession  of  strata  dips  steadily  in  one  direction,  wo 
that  the  beds  at  the  one  end  must  underlie  those  at  the  other, 
we  can  trace  the  whole  succession  of  beils  between  them.  Bare  instances^ 
occur,  where  strata  have  been  so  folded  by  great  terrestrial  disturbance- 
that  the  yc^unger  are  made  to  underlie  the  older.  But  this  inversion  C9M 
Ujjually  be  made  clear  from  other  evidence.  The  true  order  of  supen^^  ^^r- 
position  is  decisive  of  the  relative  ages  of  stratified  rocks. 

The  order  of  secjuence  having  been  determined,  it  is  needful  to  fine  .^i^d 
801110  njeans  of  identifying  a  particular  fonnatiim  elsewhere,  where  it^"    ^ 
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stratigraphical  relations  may  possibly  not  be  visible.  At  first,  it  might 
be  thought  that  the  more  external  asi)ect  and  mineral  characters  of  the 
rocks  ought  to  bo  sufficient  for  this  purpose.  Undoubtedly  these  features 
may  suffice  within  the  same  limited  region  in  whicli  the  order  of  sequence 
has  alrea^ly  been  determined.  But  as  we  recede  from  that  region,  thej' 
become  more  and  more  unreliable.  That  this  must  l)e  the  case  will 
readily  appear,  if  we  reflect  upon  the  conditions  under  which  sedi- 
mentary accumulations  have  Ijeen  formed.  The  markedly  lenticular 
nature  of  these  deposits  has  already  been  descrilxjd  (p.  478).  At  the 
present  day,  the  sea-bottom  jiresents  here  a  bank  of  gravel,  there  a  sheet 
of  sand,  elsewhere  layers  of  mud,  or  of  shells,  or  of  organic  ooze,  all  of 
which  are  in  course  of  deposit  simultaneously,  and  will  as  a  rule  bo 
found  to  shade  off  laterally  into  each  other.  The  same  diversity  of  con- 
temporaneous deposits  has  obtained  from  the  earliest  geological  periods. 
Conglomerates,  sandstones,  shales,  and  limestones  occur  on  all  geological 
horizons,  and  replace  each  other  even  on  the  same  platform.  The  Coal- 
measures  of  Pennsylvania  are  represented  west  of  the  Rocky  Moimtains 
by  thousands  of  feet  of  massive  marine  limestones.  The  white  Chalk  of 
England  lies  on  the  same  geological  horizon  with  marls  and  clays  in 
North  Germany,  with  thick  sandstones  in  Saxony,  with  hard  limestone  in 
the  south  of  France.  Mere  mineral  characters  are  thus  quite  imreliable, 
save  within  comparatively  restricted  areas. 

The  solution  of  this  problem  was  found,  and  was  worked  out  for  the 
Secondary'  rocks  of  England,  by  William  Smith  at  the  end  of  last  century. 
It  is  supplied  by  organic  remains,  and  depends  ujwn  the  law  that  the 
order  of  succession  of  plants  and  animals  has  been  similar  all  over  the 
world.  According  to  the  order  of  superi^osition,  the  fossils  found  in  any 
deposit  must  be  older  than  those  in  the  deposit  alK)vo,  and  younger 
than  those  in  that  IkjIow.  This  order,  however,  must  be  first  accurately 
determined ;  for,  so  far  as  regards  organic  structure  or  affinities,  there 
may  Tk)  no  discoverable  reason  whj"  a  particular  species  should  precede 
or  follow  another.  T Unless,  for  example,  wo  knew  from  observation 
that  Rhynchonella  pleurodon  is  a  shell  of  the  Carboniferous  Lime- 
stone, and  Bhynchonella  tetrdhedra  is  a  shell  of  tlie  Lias,  we  could 
not,  from  mere  inspection  of  the  fossils  themselves,  i)rtmounce  as  to  their 
real  geological  position.  It  is  quite  tnie  that,  by  practice,  a  paheontologist 
has  his  eye  so  trained  that  he  can  make  slirewd  ai>proximations  to  the 
actual  lioriz<m  of  fi.>ssils  whicli  he  may  never  have  seen  l)efore,  (and  this 
is  more  especially  true  in  regard  to  the  mammalia,  as  will  l>e  immediately 
adverteil  to),  but  he  can  only  do  this  by  availing  himself  of  a  wide 
experience,  based  ujwn  the  ascertained  order  of  api)earance  of  fossils,  as 
determine<l  by  the  law  (»f  suiKjrjKwition.  For  geological  i>uri)ose8,  thore- 
forc,  and,  indeed,  for  all  purposes  of  comparison  between  the  faunas  an<l 
floras  of  different  iKjricKls,  it  is  absolutely  essential,  first  of  all,  to  have 
the  onler  of  superi)osition  of  strata  rigorously  dcterniined.  Unless  this 
is  done,  the  most  fatal  mistakes  may  be  made  in  pal}eont<»logical  chro- 
nolog}'.     But  when  it  has  once  l)een  done  in  erne  tyi>ical  district,  the 
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onlor  thus  i'>tal»li>hoil  i»iay  K*  \iM  a.s  provnl  for  a  wide  regiuii  where, 
infill  paiuity  of  .sooiiinis,  or  from  geoh)p:ii'al  Jisturlianw,  the  true  snccos- 
siim  of  format inn^  cainnit  he  Katisfaetorilv  deteniiiuecl. 

Tlio  nnliT  nf  .sui)oriK^itioii  having  l>eeii  deteniiined  in  a  great  series 
of  stratifie«l  fnriiiations,  it  is  found  that  the  fi>ssila  at  the  l"H>tti»m  are  not 
tpiito  the  same  as  those  at  the  top  of  the  series.  As  we  trace  the  lieil* 
ui)ward,  we  discover  that  sjKX-ies  after  species  of  the  lowest  platforms 
disappears,  until  perhajw  not  i^ne  of  them  is  f«»und.  With  the  cessation 
<>f  these  (dder  species,  others  make  their  entrance.  These,  in  tnni,  an* 
found  to  die  t)ut  and  to  l)e  replace*!  hy  newer  forms.  After  ixitient  exa- 
mination of  the  rocks,  it  is  ascertained  that  ever\'  well-marked  fiirmation 
is  characterised  by  its  own  species  or  genera  (type-fL»ssils,  Leitfossilien) 
or  ]iy  a  general  assemblage  or  fades  of  organic  fonns.  This  can  only,  nf 
course,  ]k3  detennined  hy  actual  piiictical  exi>erience  (►ver  an  area  uf 
some  size.  Tlie  characteristic  fi.>ssils  are  not  alwavs  the  mi»st  numenujs: 
thcv  are  tliosc  which  occur  m(^t  I'onstantlv  ami  have  not  Ikkmi  oliscrvcl 
to  extend  their  range  alKJvc  or  l»eh>w  a  definite  geoh»gical  horizi;»ii  i»r 
platfonn. 

A  a  illustrations  of  tvpc-fodsils  cbaracteriatic  cf  some  of  the  largc-r  sab  liviAions  ^ 
tlie  (loologioal  Record,  the  following  may  be  given.  LepiJoilendrj  and  Si^UJaria  hTQ 
typlonl  of  Old  Re<l  Sandstone  and  Carboniferous  de]>otiit8;  Graptoliiei  of  the  Siluriai 
HV^tom ;  Triloliites  of  rala»ozoic  rocks  fn>m  Cambrian  t->  Carbon ifrnais,  bat  m-»i 
CKpecinlly  of  tlie  Silurian  suUlivisi«)n8;  Cystidoans  of  the  oldt-r  PalreoZ'.-'io  pvk- 
Kron]»H.  Oithoceratitcji  are  Palaeozoic,  and  Ammonites  are  ^lejiozoio ;  Tcbthvo3aT:r>  a::i 
IMcaiosaurs,  Mesozoic;  Xummnlites,  Paheotherium,  An'.iiilolherium.  Hyop.-toiao?.  s'-i 
Antlmicothcrinm  U-long  to  older  Tertiary,  and  Masttxlon.  KUpha^,  Hy.^-nr*.  Ctr\-c?  a::I 
Kiiuus  to  youn;i:L'r  Tertiary  an«l  n-cent  time.  The  oceurrenci-  of  such  i-rc-r^iaL-.* ::;  I'v 
rfM'k,  at  oni-o  decides  the  great  division  of  ge<ilogical  timi*  to  which  ti.c  r.-kL.!:?i' 
ahai;^n«.-d. 

Tlii?  ty]>e-fossils  of  a  rock-series  or  funuation,  aftur  >ull:t.:.:.:'y  ::- 
h»ng('d and  cxtt'iidcd  cx2)cricnce, having  been  asLt-rtaiiiCil, mtvv \  -  i':-. :.•:;■ 
tliat  scries  in  its  progress  across  a  country.     Tlius.  a<  wi-  Tra."  .»  :'  r.  ■ 
ti«»n  into  tracts  where  it  w«»uld  he  im]M».ssildc  to  dctcrniiiiC  tLv  :r":    ::  ■' 
of  .su]»er[)osition,  owing  to  the   want  of  sc<;tions,   i»r  T"  ::.v  •■;*-:: -^ 
condition   of  tli(5  r»K.'ks,  wc  can  cmjdoy  tlic  typc-f«»ssiU  a>  :i  :..■.  i>   ■ 
idcntilication,  and   s])cak    with    confidmce   as    t«>   the   siK\- v^^i  •:.  ■  .*"  r. : 
rorks.     \\  c  may  even  dcin<»nstrate  that  in  sonic  mountiiin"i>  ;.t  •';::.  r:- 
ImmIs  liavc  hccn  turned  conijdctcly  u])sidc  down,  if  we  i-an  >::  w  i.',.»:  ::.- 
r<»ssils  in  wlijit  are  now  the  u]»iM'rmost  strata  ouglit  ]«r"pi-rly  !•■  bV  Biiir- 
nriitli  tliose  in  tlichcds  liclow  tlicni. 

Pi.»l(inLH'd  study  of  tlic  sur('<'ssion  of  «»rganir  tyjK-s  in  ihrpMteiB] 
]»a>t    Jill   over  tlie  world,  has  given   i>ala'ont«dogists  some  iviifiihi'^  is 
iixiiii;"  the  iclative  a;^c  even  of  fossils  hclonging  to  previiiaslv  ii!.h~ 
s})(rifs  or  griH'ia,  an<l  occurring  under  circuuibtauccs vii- - 
sni»crjM.>iiion  has  l»een  made  (»ut.     Fi>r  instaniH\  th<-  j 
iiiannnalian  types  having  n<»w  hccn  si-^'- 
tlic  ln»ii/on   of  a   inamniaHfcrtiu< 
iiiin«'l   ]>y   the   irra<lc  *>v  ih-.  i-. 
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EoBsils.  ThnSf  tihoald  remains  Ijo  generically  ulnindant,  differing  from 
bhcHO  now  living  and  prcHonting  none  of  Iho  extreme  contrasts  which 
we  now  found  among  our  higher  anijuals,  shoiikl  they  embrace  neither 
true  ruminants,  nor  solipedes,  nor  prolwscidians,  nor  apes,  they  might 
nrith  high  probability  be  referred  to  the  E<x)ene  period.^  Reasoning  of 
tJiiB  kind  must  be  based,  however,  \\\mi  a  wide  basis  of  evidence,  seeing 
that  the  progress  of  development  has  been  far  from  equal  in  all  ranks  of 
the  animal  world. 

Observations  made  over  a  large  part  of  the  surface  of  the  globe  have 
3nabled  geologists  to  divide  the  stratified  part  of  the  earth's  crust  into 
lystems,  formations,  and  groups  (p.  630).  These  subdivisions  are 
fireqnently  marked  oif  from  each  other  by  lithological  characters.  But, 
is  already  remarked,  mere  lithological  diifcrences  aftbrd  at  the  l)est  but 
ft  limited  and  local  ground  of  separation.  Two  masses  of  sandstone, 
for  example,  having  exactly  the  same  general  external  and  internal 
charaoters,  may  belong  to  YGvy  different  geological  periods.  On  the 
other  hand,  a  series  of  limestones  in  one  locality  may  be  the  exact 
ohronological  equivalent  of  a  set  of  sandstones  and  conglomerates  at 
another,  and  of  a  series  of  shales  and  clays  at  a  third. 

Some  clue  is  accordingly  needed,  which  will  permit  the  divisions  of 
the  stratified  rocks  to  be  groui>ed  and  comjjared  chronologically.  This 
fortunately  is  well  supplied  by  their  characteristic  fossils.  Each  forma- 
tion being  distinguished  by  its  own  assemblage  of  organic  remains,  it 
can  be  followed  and  recognised  even  amid  the  crumplings  and  dislocations 
of  a  disturbed  region.  The  same  general  succession  of  organic  types  has 
been  observed  over  a  large  j)art  of  the  world,  though,  of  course,  with 
important  modifications  in  different  countries.  This  similarity  of  suc- 
cession has  l^en  called  Itomotaxis — a  term  which  expresses  the  fact  that 
the  order  in  which  the  leading  tyi>es  of  organised  existence  have  ai)peared 
upon  the  earth  has  l^een  similar  even  in  widely  separated  regions.'-* 

It  is  evident  that,  in  this  way,  a  method  of  comparison  is  furnished 
whereby  the  stratified  groui)3  of  dillerent  parts  of  the  earth's  crust  can 
be  brought  into  relation  with  each  other.  We  find,  for  example,  that 
a  certain  group  of  strata  is  characterised  in  Britain  by  certaiji  genera 
and  species  of  corals,  brachiopcnls,  lamellibranchs,  gasteropods,  and 
cejihalopods.  A  gnmp  of  rocks  in  Bohemia,  diflenng  more  or  less  from  the 
British  type  in  lithological  aspect,  contains  on  the  whole  the  same  genera, 
and  some  even  of  the  same  sj^cies.  In  Scandinavia,  a  set  of  l)ed8  may  bo 
Been,  unlike  jwrhaps  in  external  characters  to  the  British  tyiM>,  but 
j-ielding  many  of  the  same  fossils.  In  Canada  and  parts  of  the  northern 
United  States,  other  rocks  enclose  some  of  the  same,  and  of  closely  allied 
genera  and  species.  All  these  groups  of  strat4V,  having  the  same  general 
&cies  of  organic  remains,  are  classed  together  as  lioymtaxial,  that  is,  as 
having  Ijeen  deiM^sited  during  the  same  relative  period  in  the  general 
])rogre88  of  life  in  each  region. 

'  Gauilry,  *  Lea  Knohfttucmciits  du  Monde  Anlmnl/  lS7ft,  p.  24fl. 
«  Hiixby,  (}.  J.  Gt^ol.  Sftr.  xviii.  (1«<V2),  p.  xlvi. 
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It  wa.s  at  •'ii*:*  tiiue  V<-lioviil,  ami  the  lielief  is  still  far  firom  extinct, 
tliat  jrr«»uj»s  «»f  .'•trata,  eharaoiorisc'«l  l»y  this  oommniiity  or  rescmblanco 
of  iirjranio  remains,  were  chn.an>L  ipi'ally  c<>iiteiuporaneoTi8.  Bnt  siieh  an 
infereii«>?  rests  niKm  lut^t  insecure  txprniids.  We  may  not  l»e  ahle  ti» 
ili'.jiiv.ve  tlie  asst-rtifu  that  the  strata  were  strictly  coeval,  l>nt  we  have 
iiiily  tn  refltM?t  on  the  present  ei»n<litions  nf  ztvlngical  and  botanical  «li»- 
tril»ntiiin.  an«l  nf  m«Mleni  se«li mentation,  t«>  1^  assnnsl  that  the  assertii>n 
of  o»»ntemiMiraneity  is  a  mere  assumption.  L'onsitler,  for  a  moment,  what 
winiLl  hapi>en  were  the  present  surface  of  any  portion  of  central  f*r 
sinithern  Knn>pe  to  l>e  siil iniergeii  lieneath  the  sea,  covere<l  with  marine 
(lepi»sits.  and  then  re-elevate<l  into  land.  The  river-terraces  and  laciui- 
trine  marln  furmetl  l)efore  the  time  of  Julius  Caesar  ctmld  nut  l>e  dis- 
tiu$;uished  l»v  any  fi>ssil  tests  from  thcieM?  laid  do^vn  in  the  davs  of 
Victoria,  unless,  indeed,  traces  of  human  implements  were  ohtainahle 
w^herehy  the  progress  of  civilisation  during  2rMX»  years  might  l^  inili- 
cated.  So  far  as  reganls  the  shells,  lx>nes,  ami  plants  preservesl  in  the 
various  f<.»rmation8,  it  would  Ik?  al«olutely  im|>«^Mble  to  tliscriminate 
their  relative  dates;  they  would  l)e  classe«l  as  *•  geoh»gically  c^intempiv 
rantH^us,"  that  is,  as  having  lieen  ft^rme<l  during  the  same  i«erit^l  in  the 
liistory  of  life  in  the  European  area:  yet  there  niiglit  lie  a  difference f«f 
2000  years  or  more  Iwtween  many  (.»f  them.  Strict  ci»utemi»i>raneitT 
cannot  l>e  asserted  of  any  strata  merely  on  the  ground  of  similarity  •■r 
identity  in  fossils. 

But  the  i»hrase  "geologically  contemi>oraneous "  is  ti»i»  vague  t«"»hav(» 
any  chronological  value  except  in  a  relative  sense.     Ti»  sjieak  of  tw" 
formations  as  "  contemporaneous/' which  may  have  l^een  sei^initd  ^y 
tliousamls   of  years,  seems   rather  a  misase  of  lan^ruaire,  ihouirh  tho 
j)]irascology  has  now  gained  such  a  frwiting  in  gtHilogi^al  liivntrnr*- a> 
jirobably  to  1)0  inexjnigiiable.     If  we  turn  again  fi«r  sui:ir»->:i«-:is  litiit- 
existing  <listributiou  of  life  on  the  earth  (tlmugh   it  is   jr^l^Mr  ili:«T 
ioriiicrly,  and  ])articularly  among  the  earlier  geological  jvr!>ls.  th-r- 
was  considerably  greater  uniformity  in  z<H>logical  distrii'Ti!i.,ii  tLun  !!.♦•:» 
is  now),  we  learn  tliat  similarity  or  identity  t»f  si^ecies  aiA  j\r:^T\i  hl\> 
jtjmhI,  on  tlie  wliole,  only  for  limited  areas,  and  conso«nie!.Tlv.  if  avi:-i 
to  wide  geographical  regions,  ought  to  be  an  argument   :*-r  'liv-rflTj 
rather  than  for  siniilarity  of  age.     If  we  supjw^se  the  l»r! ::>!:>:;**  t-l^? 
raised  into  dry  land,  .so  that  the  organic  relies,  preserA\-i  ir.  iLiiz  sui*!* 
and  silts,  could  be  exhumed  and  exaniino<l,  a  general  ty]*c  i.-r  o<uiu«« 
facies  would  be  found,  tliough  soni(^  s]>ecies  would  K»  m-iK-  ab^saiiuLt  IB 
or  entirely  confined  to  tlie  north,  wliile  others  would  $W 
develojijiieiit  in  tlie  o])])osite  <juarter.     Still,  there  would  W 
larily  tlimngliout  tlie  wlicde,  that  no  naturalist  wimld 
the  nrpniiMHs  ns  tlioso  <»f  one  biological  pnA-ince,  and  lvl*c-*-"' 
sMine  grejil  geologiejil  period.     The  region  is  SO  small 
nf  lifr  so  mjiforni  and  uninterrupteil,  that  no  pin-'  .   ,  ,,j  \<. 

♦  liMwn  Itetween  iho  forms  of  lifo  iu  itr  "^■• 

Wideiiini;-  tln^  area  of  oliiw»^ 
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nn  any  giyen  point  on  the  earth's  surface  the  existing  forms  of  life 
adoally  change.  Vegetation  alters  its  aspect  from  climate  to  climate, 
A  "with  it  come  corresponding  transformations  in  the  characters  of 
sects,  birds,  and  wild  animals.  A  lake-bottom  would  preserve  one 
ite  of  organisms  in  England,  but  a  very  different  group  at  the  foot 

the  Himalaya  Mountains,  yet  the  deposits  at  the  two  places  might  be 
flolntely  coeval,  even  as  to  months  and  days.  If,  therefore,  in  the 
ological  past  there  has  been,  as  there  is  now,  a  grading  of  plants  and 
iinals  in  great  biological  provinces,  marked  off  by  differences  of  Con- 
or, climate,  and  geological  history,  we  must  conclude  that,  while  strict 
ntemporaneity  cannot  be  predicated  of  deposits  containing  the  same 
ganic  remains,  it  may  actually  be  true  of  deposits  in  which  they  are 
lite  distinct.^ 

If,  then,  at  the  present  time,  community  of  organic  forms,  except  in 
le  case  of  some  almost  world-wide  species,  obtains  only  in  restricted 
stricts,  regions,  or  provinces,  it  may  have  been  more  or  less  limited 
BO  in  past  time.  Similarity  or  identity  of  fossils  among  formations 
sographically  far  apart,  instead  of  proving  contemporaneity,  may  be 
onpatible  with  great  discrepancies  in  the  relative  epochs  of  deposit. 
or,  on  any  theory  of  the  origin  of  species,  the  spread  of  a  species,  still 
lOre  of  any  group  of  species,  to  a  vast  distance  from  the  original  centre 
:  dispersion,  must  in  most  cases  have  been  inconceivably  slow.  It 
cmbtless  occupied  so  prolonged  a  time  as  to  allow  of  almost  indefinite 
iianges  in  physical  geography.  A  species  may  have  disappeared  from 
a  primeval  birthplace,  while  it  continued  to  flourish  in  one  or  more 
iiections  along  its  outward  circle  of  advance.  The  date  of  the  first 
ppearance  and  final  extinction  of  that  species  would  thus  differ  widely, 
scording  to  the  locality  at  which  we  might  examine  its  remains. 

The  grand  march  of  life,  in  its  progress  from  lower  to  higher  forms, 
as  unquestionably  been  broadly  alike  in  all  quarters  of  the  globe.  But 
othing  seems  more  certain  than  that  its  rate  of  advance  has  not  every- 
'here  been  the  same.  It  has  moved  unequally  over  the  same  region. 
.  certain  stage  of  progress  may  have  been  reached  in  one  quarter  of  the 
Lobe  many  thousands  of  years  before  it  was  reached  in  another ;  though 
le  same  general  succession  of  organic  types  might  be  found  in  each 
^on.  At  the  present  day,  for  example,  the  higher  fauna  of  Australia 
i  more  nearly  akin  to  that  which  flourished  in  Europe  far  back  in  Meso- 
nc  time  than  to  the  living  fauna  of  any  other  region  of  the  globe. 
here  seems  also  to  bo  now  sufficient  evidence  to  warrant  the  assertion 
lat  the  progress  of  terrestrial  vegetation  has  at  some  geological  periods 
id  in  some  regions,  been  in  advance  of  that  of  the  marine  fauna 
lee  p.  617).    Hence  arise  glaring  anomalies  in  the  attempts  to  group 

^  The  present  geographical  dietribution  of  plants  and  animals  has  a  profound 
x>logioal  interest,  but  cannot  bo  properly  discussed  in  tliis  volume.  The  student  will 
od  it  luminously  treated  in  Darwin's  *  Ori^n  of  Species/  ohaps.  xii.  and  xiii. ;  Lyell's 
Principles  of  Geology,'  chnps.  xxxviii.-xli. ;  and  in  Wallace's  '  Geographical  Distri- 
ition  of  Animals,'  2  vols.  187C,  and  his  *  Island  Life,'  1880. 
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tb«  geological  formatioDA  of  distant  ocmntriM  in 
Enropean  stuidardt.  Jim  Mr,  BlAnfoid  has  veil  lawiwfced.  "  in : 
of  conflicting  evidenoo  between  terreetrial  or  fnahwKtgc  &i 
floTM  on  the  one  side,  and  marine  &unsa  on  the  other,  the  geologjaJ 
Age  indicated  hy  iho  latter  ie  probably  oomot,  beoann  the  ooattadie- 
tioDB  wHch  prevail  between  Ihe  evidenoe  afEbrded  by  ■boobmw 
terreetrial  and  freebwater  beda  aze  unknown  in  marine  deponta ;  baoaaM 
the  saooenion  of  teTreatrial  animal  ■  and  planta  in  time  ha*  been  diSanat 
from  the  snooeasionof  marine  life;  and  beoanaein  all  p«at  timwfla 
diSerenoes  between  the  Eaonaa  of  distant  luida  have  probably  Immkm 
they  now  are,  vastly  greater  than  the  differenoea  between  the  aniMali 
and  plants  inhabiting  the  di&rent  seas  and  ooeans."  ^ 

Notwithstanding  snch  exoeptionB,  it  may  be  aaserted  that  in  emy 
oonntry  where  the  fiwsillferons  geological  formations  are  well  displ^yBd 
and  have  been  properly  examined,  a  similar  general  order  of  ogsait 
succession  can  be  made  ont  among  them.  Their  relative  age  within  a 
limited  geogrephical  area  oan  be  demonstrated  by  the  .law  of  sujiir 
position.  When,  however,  the  rooks  of  distant  oonntriee  are  oompani, 
all  that  we  can  safely  affirm  regarding  them  is  that  thoee  ocntaining  ths 
same  or  a  representative  assemblage  of  marine  organic  remuns  bekig 
to  the  some  epooh  in  the  history  of  bitdogical  progroai  in  ea^  m^ 
They  are  htmolatcial;  bnt  we  cannot  assert  that  they  are  oontsB- 
poraneons  nnless  we  are  prepared  to  inolude  within  that  term  •  vagM 
period  of  many  thonsands  of  years. 

8,  Imperfeotion  of  the  Geological  Becord.* — Since  As 
statement  was  made  by  Darwin,  geologiats  have  more  fully  reoognind 
that  the  history  of  life  has  been  very  imperfectly  presOTved  in  llu 
stratified  parts  of  the  earth's  crust.  Apart  irom  the  &ct  that,  era 
imdor  tlie  most  favonnble  conditions,  only  a  small  proportion  of  tb« 
total  flora  and  fauna  of  any  period  wonld  be  preserved  in  ^e  fcnl  tUit, 
enormous  gaps  occur  where,  from  non-depoait  of  strata,  no  reccod  bis 
been  prcsorvcd  at  all.  It  is  as  if  whole  chapteis  and  books  were  minng 
from  a  Idutorioal  work.  But  even  where  the  record  may  originally  hl<« 
l)een  tolerably  full,  powerful  dislocationB  have  often  thrown  consideiaUB 
[K>rtioDs  of  it  out  of  sight.  Sometimes  extensive  metamorpfaism  hsi  M 
afiectod  the  rocks  that  their  original  characters,  including  their  orguie 
contents,  have  been  destroyed.  Oftenest  of  all,  denndation  has  (OM 
into  play,  aud  vast  masses  of  strata  have  been  entirely  woin  aws^i 
as  is  shoH-n  not  only  by  the  erosion  of  existing 

'  Mr.  niaprord,  in   liis  recent 
Bnlwh  A=w>rkli<jn  at  the  Montreiil 

Kivos  »onie  eianiples  of  the  ountndiotioiit  

di'i-nHits  br  mrana  of  land  and  freihwklar  fiuiimt 

Indio,  as  hi'  poiots  out, 

of  (he  OTcrljring  I'ancbc'l 

is  llie  example  fnmlBbr 

plants  wliiah  botaniits 

tlie  some  stratified  depc 

(OrVuxvrat,  Comdaria, 


Buggestive  addtesi  (□  tbo  GeolDgia]  SmUm  rftt* 
nl  meeting,  tiom  whidi  Iba  lAwa  ^rwtitfce  k  MkK 
LndiotioDt  inTolvBd  ia  ■Hwpfc  to  eonihl*  AM 
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by  the  abundant  nnconformabilities  in  the  structure  of  the  earth's 
crust. 

While  the  mere  fact  that  one  series  of  rocks  lies  unoonformably 
on  another,  proves  the  lapse  of  a  considerable  interral  between  their 
respective  dates,  the  relative  length  of  this  interval  may  sometimes 
be  demonstrated  by  means  of  fossil  evidence,  and  by  this  alone.  Let 
us  suppose,  for  example,  that  a  certain  group  of  formations  has  been 
disturbed,  upraised,  denuded,  and  covered  unconformably  by  a  second 
group.  In  lithological  characters,  the  two  may  closely  resemble  each 
other,  and  there  may  be  nothing  to  show  that  the  gap  represented  by 
their  unconformability  is  not  of  a  trifling  character.  In  many  cases, 
indeed,  it  would  be  quite  impossible  to  pronounce  any  well-grounded 
judgment  as  to  the  length  of  interval,  even  measured  by  the  vague 
relative  standards  of  geological  chronology.  But  if  each  group  contains 
a  well-preserved  suite  of  organic  remains,  it  may  not  only  be  possible, 
but  easy,  to  say  how  much  of  the  known  geological  record  has  been  left 
out  between  the  two  sets  of  formations.  By  comparing  the  fossils  with 
those  obtained  from  regions  where  the  geological  record  is  more  complete, 
it  may  be  ascertained,  perhaps,  that  the  lower  rocks  belong  to  a  certain 
platform  or  stage  in  geological  history  which,  for  our  present  purpose,  we 
may  call  D,  and  that  the  upper  rocks  can,  in  like  manner,  be  paralleled 
with  stage  H.  It  would  be  then  apparent  that,  at  this  locality,  the 
chronicles  of  three  great  geological  periods,  E,  F,  and  G,  were  wanting, 
which  are  elsewhere  found  to  be  intercalated  between  D  and  H.  The 
lapse  of  time  represented  by  this  unconformability  would  thus  be 
equivalent  to  that  required  for  the  accumulation  of  the  three  missing 
series  in  those  regions  whoro,  sedimentation  having  been  undisturbed, 
the  record  of  them  has  been  preserved. 

But  fossil  evidence  may  be  made  to  prove  the  existence  of  gaps  which 
are  not  otherwise  apparent.  As  has  been  already  remarked,  changes 
in  organic  forms  must,  on  the  whole,  have  l)oen  extremely  slow  in  the 
geological  past.  The  whole  species  of  a  sea-floor  could  not  pass  entirely 
away,  and  be  replaced  by  other  forms,  without  the  lapse  of  long  periods 
of  time.  If,  then,  among  the  conformable  stratified  deposits  of  former 
ages,  we  encounter  abrupt  and  important  changes  in  the  facies  of  the 
fossils,  we  may  be  certain  that  these  must  mark  omissions  in  the  record, 
which  we  may  hope  to  fill  in  from  a  more  perfect  series  elsewhere.  The 
striking  palseontological  contrasts  between  unconformable  strata  are 
■offioiently  explicable.  It  is  not  so  easy  to  give  a  satisfactory  account  of 
those  which  occur  where  the  beds  are  strictly  conformable,  and  where 
no  evidenoe  can  be  observed  of  any  considerable  change  of  physical 
oonditums  at  the  time  of  deposit.  A  group  of  quite  conformable  strata, 
kftTing  the  same  general  lithological  characters  throughout,  may  Ih) 
-Myrked  by  a  great  discrepance  between  the  fossils  of  the  upper  and  the 
lower  part.  A  few  species  may  pass  from  the  one  into  the  other,  or 
fK-rliups  every  species  may  be  different.  In  cases  of  this  kind,  when 
l»roved  to  bo  not  merely  local  but  persistent  over  considerable  areas,  we 

2^2 


012  I'ALJEONTOLOQICAL  GEOLOGY,  [Book  V. 


must  admit,  n(»twith standing  the  apparently  undisturbed  and  oontinnoiu 
character  of  the  original  dojiosition  of  the  strata,  that  the  abrupt  tran- 
sition from   the  one  facies  of  fossils  to  the  other  represents  a  long 
interval  of  time  which  has  not  been  recorded  by  the  deposit  of  strata. 
Sir  A.  C.  Kamsay,  who  called  attention  to  these  gaps^  termed  them 
**  breaks  in  the  succession  of  organic  remains."  ^     They  occur  abundantly 
among  the  British   Palajozoic  and   Secondary  rocks,  which,  by  meani 
of  them,   can  l)e  separated  into  Tonos  and  sections.     It  is  obvious,  of 
course,  tliat  oven  though  traceable  over  wide  regions,  they  were  not 
general  over  the  whole  globe.     There  have  never  been  any  universal 
interruptions  in  the  continuity  of  the  chain  of  being,  so  far  as  geological 
evidence  can  show.     The  breaks  or  apparent  interruptions  existed  only 
in  the  sedimentary  record,  and  were  produced  by  geographical  changes 
of  various  kinds,  such  as  cessation  of  deposit  from  failure  of  sediment 
owing  to  seasonal  or  other  changes ;  alteration  in  the  nature  of  the  sedi- 
ment or  character  of  the  water;  variations  of  climate  from  whatever 
cause ;  more  rapid  subsidence  l)ringing  successive  submarine  zones  into 
less  favourable  conditions  of  temperature,  &c. ;  and  volcanic  discharges. 
The  physical  revolutions,  which  brought  about  the  breaks,  were  no  donbt 
sometimes  general  over  a  whole  zoological  province,  more  frequently 
over  a  minor  region.     Thus,  at  the  close  of  the  Triassic  period  the  inland 
basins  of  central,  southern,  and  western  Europe  were  effaced,  and  another 
and  different  geographical  phase  was  introduced  which  permitted  the 
spread  of  the  peculiar  fauna  of  the  "  Avicula  contorta  zone  "  fmm  the 
soutli  of  Sweden  to  the  plains  of  Lombardy,  and  from  the  north  of 
Ireland  to  the  eastern  end  of  the  Alps.     This,  phase  in  turn  «lisappeare«.i 
to  make  way  for  the  Lias  ^^dth  its  numerous  "  zones,''  each  <listinguishe«l 
by  the  maximum  development  of  one  or  more  s])eoies  of  ammonite.    These 
sucjcessive  geographical  revolutions  must,  in  many  cases,  have  oauso<l  the 
complete  extinction  of  genera  and  species  possessing  a  small  ge<»graphical 
range. 

From  all  these  facts,  it  is  clear  that  the  geological  reo^ni.  as  it  n«'iw 
exists,  is  at  the  best  but  an  imperfect  chronicle  of  geological  hist«>ry.   In 
no  country  is  it  complete.     Tlio  lacunjc  of  one  regi«»n  may  V*  suppliri 
from  another ;  yet  in  proportion  to  the  geograpliioal  di^tanot^  l^tween  the 
localities  where  the  gaps  occur  and  those  whence  the  missing  interrJs 
are  sujjplied,  the  element  of  uncertainty  in  our  reading  of  thereoofdii 
increased.     The  most  desirable  metluxl  of  research  is  to  exhiitft  *te 
ovidt?u(^e  for  each  area  or  province,  and  to  comj^are  the  gmieimladvof 
its  succession  as  a  whole,  with  that  which  can  bo  cstahliahfld 
provinces.     It  is,  therefore,  only  after  long  and  patient 
coiiiparison  that  tlie  geological  history  of  different  quaitcft*'  ''    -''V 
can  l»c  ci>rrclatc(l. 

4.  Subdivisions  of  the  Geological  I*  iu •■.»„.. 

o  1'  fossils. — As  fossil  evidence  furnishes  *■!  ■   nf  ■.■ItK'Uvjttd 

widely  ai>plical>le  means  of  sulHlividiiv  htlWmnli'ii 

>  Q.  J.  Gtol  Soc,  xir 
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rt  than  mere  lithological  characters,  it  is  made  the  basis  of  the  geo- 
leal  olassificatioii  of  these  rocks.  Thus,  a  particular  stratum  may  be 
urtained  to  be  marked  by  the  occurrence  in  it  of  various  fossils,  one  or 
10  of  which  may  be  distinctive,  either  from  occurring  in  no  other  bed 
ve  and  below,  or  from  special  abundance  in  that  stratum.  These 
3i68  may,  therefore,  be  used  as  a  guide  to  the  occurrence  of  the  bed  in 
stion,  which  may  be  called  by  the  name  of  the  most  abundant  species. 
this  way,  a  geological  horizon  or  zone  is  marked  ofif,  and  geologists 
reafter  recognise  its  position  in  the  geological  series.  But  before 
h  a  generalisation  can  be  safely  made,  we  must  be  sure  that  the 
sies  in  question  really  never  does  characterise  any  other  platform. 
B  evidently  demands  wide  experience  over  an  extended  field  of 
arvation.  The  assertion  that  a  particular  species  or  genus  occurs 
f  on  one  horizon,  or  within  certain  limits,  manifestly  rests  on  negative 
lence  as  much  as  on  positive.  The  palaeontologist  who  makes  it 
not  mean  more  than  that  he  knows  the  species  or  genus  to  lie  on  that 
UKm,  or  within  those  limits,  and  that,  so  far  as  his  own  experience  and 
t  of  others  goes,  it  has  never  been  met  with  beyond  the  limits  assigned 
t.  But  a  single  instance  of  the  occurrence  of  the  fossil  in  a  different 
e  woidd  greatly  damage  the  value  of  his  generalisation,  and  a  few 
h  cases  .would  demolish  it  altogether.  The  genus  Areihusina,  for 
mple,  had  long  been  known  as  a  characteristic  trilobite  of  the  lower 
ee  of  the  third  or  highest  fauna  of  the  Bohemian  Silurian  basin.  So 
indant  is  one  species  (A.  Konincki)  that  Barrande  collected  more 
n  6000  specimens  of  it,  generally  in  good  preservation.  But  no 
36  of  it  had  ever  been  met  with  towards  the  upper  limit  of  the 
uian  fauna.  Eventually,  however,  a  single  specimen  of  a  species 
learly  identical  as  to  be  readily  pronounced  the  same  was  disinterred 
n  the  upper  Devonian  rocks  of  Westphalia — a  horizon  separated 
n  the  upper  limit  of  the  genus  in  Bohemia  by  at  least  half  of  the 
tical  height  of  the  Upper  Silurian  and  by  the  whole  of  the  Lower 
I  Middle  Devonian  rock-groups.^  Such  an  example  teaches  the  danger 
founding  too  much  on  negative  data.  To  establish  a  geological 
izon  on  limited  fossil  evidence,  and  then  to  assume  the  identity  of  all 
tta  containing  the  same  fossils,  is  to  reason  in  a  circle,  and  to  introduce 
er  confusion  into  our  interpretation  of  the  geological  record.  The 
t  and  fundamental  point  is  to  determine  accurately  the  order  of 
•erposition  of  the  strata.  Until  this  is  done,  detailed  palaeontological 
iflification  may  prove  to  be  worthless. 

Prom  what  has  been  above  advanced,  it  must  be  evident  that,  even 
the  several  groups  in  a  series  or  system  of  rocks  in  any  district  or 
ntry  have  been  found  susceptible  of  minute  subdivision  by  means 
their  characteristic  fossils,  and  if,  after  the  lapse  of  many  years,  no 
oovery  has  occurred  to  alter  the  established  order  of  succession  of 
ee  fossils,  nevertheless  the  subdivisions  may  only  hold  good  for  the 
;ion  in  which  they  have  been  made.  They  must  not  be  assumed  to 
*  Barrande,  *  Reapparition  du  genre  Arethusina,*  Prague,  1868. 
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1m  strictlj  am^icatile  tsxtsytA 

nmntiy,  where  tlis  petmg^i^ihkKl  dianctaa  of  ti« 
■ystam  indinto  tiiat  ths  griginal  wmlitinM  of  dspoKt 
Tary  difierent,  we  oo^t  to  bo  pnpand  to  find  a  gmtar  or : 
6am  the  fiist  obNrnd,  or  iriut  w«  vfKamnimij  aod  not  muMtanllj 
coDM  to  kxA  span  aa  dw  nannal,  aider  of  tagaiiio  iiiii<«iiiBi  ^Dim  ob 
bs  DO  doafat  that  tha  ^tpeaxaace  of  new  aganio  fbnaa  in  a^  koil^f 
has  been  in  large  meaaore  oonnectsd  with  sweh  phjnoal  cfaaagea  at  Mi 
indicated  by  direnitifla  of  aedimentaiy  r™t*W*'°  and  wtmmgma^ 
His  Upper  Parian  atagca,  fix  example,  ae  atndied  by  MunluHa  ■ 
Shropahire  and  the  adjacent  oonntiee,  praentaolearaeqnenoeaf  itaA. 
well  defined  hj  ohaiaoteriBtio  fMala.  Bat  within  a  distanoe  of  mdg 
■mSiM,  it  beoomee  impcmUe  to  «atablish  tbeee  sabdiviaions  1^  find 
endenoe.  If  we  examine  ooneaponding  atrata  in  Scotland,  ire  bd  tftrt 
they  oontain  eome  fixailB  whicfa  aeTer  liae  abore  tbe  Lower  Silana 
gnmpe  in  Walee  and  the  weat  of  "Rwglmi-  Again,  in  Boiieiaia  ai 
in  Boaaia  we  meet  with  atill  gieater  departima  from  tbe  crd«  of  ap- 
pearance in  the  original  ^uiaD  area,  some  of  the  moat  i^nmctaaMii 
Upper  Silurian  organisms  being  there  foond  fiu-  down  beaMsA  aUM 
replete  with  reoords  of  Lower  Silnrian  life.  Nerertheteaa,  tlw  gaaaal 
ancoeaaian  of  life  bvm.  Lower  to  Upper  Silurian  tj-pee  reaaiqa  H^aa^l^ 
traceable.  Still  more  atartling  are  the  anomaliea,  alieadf  nfaial  1^ 
where  the  aocoeaaion  of  tenoatrial  oTganisms  in  diatant  Tnfcii—  ■  «bb- 
pared  with  that  of  the  aasooiat«d  marine  forma ;  aa  where,  in  Aaabafii^  a 
flora  with  Jnraaaio  affinitiee  and  a  Carboniferous  Limeatoiw  fiMna  ««t 
oontemporaneooB.  Such  &cte  warn  as  against  the  dango-  of  bang  M 
astray  by  an  artificial  precisicoi  of  palaxmtological  detaiL  Ei^  whas 
the  palnontological  sequence  is  beet  eBtablUbed,  it  rests,pK>baUTi>mM 
cases,  not  merely  upon  the  aotual  chronological  auccassiim  ti  at/aet 
forms,  hut  also,  far  more  than  is  usually  imsgined.  upim  original  aa>- 
dental  differences  of  local  physical  eonditiiiss.  As  these  omditk'^  Wa 
constantly  varied  from  region  to  region,  it  must  comparaUTvh-  ^^m 
happen  that  the  same  minute  peltcontological  subdirisicau,  *» 
and  instnictiTe  in  themselves,  can  be  identified  and  panliekd. 
over  comparatively  limited  geographical  areas.  The  remaiiaUe*-] 
of  the  Lias,  for  iostanoe,  whioh  have  been  recognised  over  ea^alal 
western  Europe,  cease  to  be  traceable  as  we  recede  from  " 
geographical  province. 

S  V.  Bearing  of  Palseontologioal  data  opon  ■■ 

the  researches  of  William  Smith  at  the  end  of  last  c^ntniy.  k 
well  understood  that  the  stratified  jHirti<m  i)f  the  carti's 
suite  of  organic  remains  in  which  a  ^rrailiial  prugrosacm  i 
from  simple  forms  of  iuvortebmto   HlV'  aiiiong  the  olds 
most  highly  differentiated  mam>nji!irt  -li  tlio  piesouj 
appearance  of  Darwin's  ' Origin  ul'  ,S|i.i^i(s' 
this  pRigression,  and  its  coimection  wit' 
ing  faunas  anil  fiuras  were  only  <i\ 


i  ▼.]  PALJEONTOLOGY  AND  EVOLUTION.  615 


nroposed  a  theory  of  deyelopmont,  in  support  of  which  appeals  had  been 
aade  to  the  organic  succession  revealed  by  the  geological  record. 
)arwin,  arguing  that,  instead  of  being  fixed  or  but  slightly  alterable 
brms,  species  might  be  derived  from  others,  showed  that  processes  were 
•t  work,  whereby  it  was  conceivable  that  the  whole  of  the  existing 
nimal  and  vegetable  worlds  might  have  descended  from,  at  most,  a 
HBiy  few  original  forms.  From  a  large  array  of  facts,  drawn  from 
»bBervations  made  upon  domestic  plants  and  animals,  he  inferred  that, 
rom  time  to  time,  slight  peculiarities  due  to  diflFerences  of  climate,  &o., 
»ppear  in  the  offspring  which  wore  not  present  in  the  parent,  that  these 
leouliarities  may  be  transmitted  to  succeeding  generations,  especially 
rhere  &om  their  nature  they  are  useful  in  enabling  their  possessors  to 
naintain  themselves  in  the  general  struggle  for  life.  Hence  varieties, 
it  first  arising  from  accidental  circumstances,  may  become  permanent, 
v^hile  the  original  form  from  which  they  sprang,  being  less  well  adapted 

0  hold  its  own,  perishes.  Varieties  become  species,  and  specific  differences 
XIBS  in  a  similar  way  into  generic.  The  most  successful  forms  are,  by  a 
nooefis  of  **  natural  selection,"  made  to  overcome  and  survive  those  that 
ure  less  fortunate,  the  *'  survival  of  the  fittest "  being  the  general  law  of 
latnre.  The  present  varied  life  of  the  globe  may  thus,  according  to 
Darwin,  be  explained  by  the  continued  accumulation,  perpetuation,  and 
norease  of  differences  in  the  evolution  of  plants  and  animals  during  the 
rhole  of  geological  time.  Hence  the  geological  record  shoidd  contain  a 
Dore  or  less  full  chronicle  of  the  progress  of  this  long  history  of  development. 

It  is  now  well  known  that  in  the  embryonic  development  of  animals, 
here  are  traces  of  a  progress  from  lower  or  more  generalised  to  higher 
r  more  specialised  types.  Since  Darwin's  great  work  appeared,  natural  ists 
ave  devoted  a  vast  amount  of  research  to  this  subject,  and  have  sought 
ith  persevering  enthusiasm  for  any  indications  of  a  relation  between 
le  order  of  appearance  of  organic  forms  in  time  and  in  embryonic 
3velopment,  and  for  evidence  that  species  and  genera  of  plants  and 
limals  have  come  into  existence  in  the  order  which,  according  to  the 
leory  of  evolution,  might  have  been  anticipated. 

It  must  be  conceded  that,  on  the  whole,  the  testimony  of  the  rooks  is  in  favour  of  the 
ictrine  of  evolution.  That  there  are  difBcuUies  still  unexplained,  must  be  frankly 
anted.  Darwin  strongly  insisted,  and  with  obvious  justice,  on  the  imperfection  of  the 
ologioal  record,  as  one  great  source  of  these  difficulties.  Objections  to  the  develop- 
ent  theory  may,  as  shown  by  Mr.  Garruthers,  be  drawn  Arom  the  observed  order  of 
looeeaon  of  plants,  and  the  absence  of  transitional  forms  among  tliem.  Ferns, 
inifletiuns,  and  lycopods  appear  as  far  back  as  the  Old  Bed  Sandstone,  not  in  simple  or 
lOre  generalised,  but  in  mqre  complex  structures  than  their  living  representatives. 
he  earliest  known  conifers  were  well -developed  trees,  with  woody  structure  and  fruits 

1  highly  differentiated  as  those  of  the  living  types.  The  oldest  dicotyledons  yet  found, 
1000  of  the  upper  Cretaceous  formations,  contain  repreeentatives  of  the  throe  great 
ifisioDfl  of  Apetalxy  Monopeiabey  and  PolypeUiUe,  in  the  same  deposit.  These  '*  are  not 
soerallBed  types,  but  differentiated  forms  which,  during  the  intervening  epochs,  have 
>t  developed  even  into  higher  generic  groups."  ^ 

'  Carrutliers,  Geol  Mag.  1876,  p.  3G2. 
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Professor  A.  Agskuiz  has  drawn  attention  to  the  parallelism  between  embrTonie 
development  and  pa].'eontologic;U  hLgiory.    Taking  the  sea-orohins  as  an  iDuatralife 
group,  he  points  oat  the  interesting  analogies  between  the  immatnre  conditions  of  liring 
forms  and  the  appearance  of  corresponding  phases  in  fossil  genera.    He  admits,  howerer, 
that  no  early  tvpe  has  yet  been  dLiOovered  whence  star-^hes,  sea-urchins,  or  ophionitt 
might  have  sprung ;  that  the  several  orders  of  echinoderms  appear  at  the  same  time  n 
the  geological  record,  and  ih:it  it  is  impossible  to  trace  anything  like  a  sequence  of 
genera  or  direct  filiation  in  the  palceontological  succession  of  the  echinids,  though  he 
does  not  at  all  dispute  the  validity  of  the  theory  which  regards  the  present  echinids  u 
having  come  down  in  direct  suocessicin  from  those  of  older  geological  times.*    In  tte 
case  of  the  numerous  genera  which  have  continued  to  exist  without  interruption  Ina 
early  geological  periods,  and  have  been  termed  "  persistent  types,**  it  is  impossible  not  to 
admit  that  the  existing  forms  are  the  direct  descendants  of  those  of  former  ages.   li^ 
then,  some  genera  have  unquestionably  been  continuous,  the  evolutionist  argues,  it  hut 
reasonably  bo  inferred  that  continuity  has  been  the  law,  and  that  even  where  the 
successive  steju  of  the  change  cannot  be  traced,  every  genus  of  the  living  worid  u 
genetically  related  to  other  genera  now  extinct. 

Professor  A.  Hyatt,  who  has  closely  studied  the  Cephalopoda,  regards  tbem 
as  furnishing  clear  evidence  of  evolution.  Returning  to  some  of  the  ideas  d 
Lamarck  on  development,  he  concludes  that  "  the  efi'orts  of  the  orthoceratite  to  sdspt 
itself  fully  to  the  requirements  of  a  mixed  habitat,  gave  the  world  the  Xantiloides;  the 
efibrts  of  the  same  type  to  become  completely  a  littoral  crawler,  developed  the  Am- 
monoidca."  He  thinks  that^  on  the  whole,  the  observed  succession  of  the  organiflM  in 
time  coincides  with  what  on  the  theory  of  evolution  it  ought  to  have  bf^n.  **  The 
straight  cones  predominate  in  Silurian  and  earlier  periods,  whUe  the  loonely  coikd  in 
much  less  numerous,  and  the  close-coiled  and  involute,  though  present,  are  extrefselj 
rare."  He  believes  that  traces  of  this  succession  may  be  found  in  the  structure  of  she 
shells  themselves.  The  nautilus,  in  its  embr}*ological  development  and  subse<|uect  growth, 
passes  through  the  stages  of  the  nearly  or  quite  straight  shell,  then  uf  a  slightly  oorrttl 
shell,  and  then  of  a  completely  curved  shell,  the  spiral  being  coutinuc-i  till  aOLi-cUL'ci 
the  inner  whorls  are  entirely  enveloped  in  the  outer.* 

Dr.  Neumayr,  from  a  prolonged  study  of  Kuroixjan  Jurassic  and  Crvia.*<;-on«  c*-rul> 
pods,  concludes  that  **  propagation,  filiation,  and  migration  are  surtlcient  t.>  cx;l»:n  -Ji: 
origin  of  the  whole  Jurassic  Ammonite  and  Bolemnite  fauna  of  central  Eur- p^-.  Tbe.t 
is  nothing  to  warrant  the  supposition  of  any  new  crctition,  but  all  the  known  :V'ts  ja  is 
harmony  with  the  theory  of  descent."* 

Among  the  fossil  mammalia  many  indications  have  been  pointed  om  of  an  c*"  r.*..«2 
of  structure.    Of  these,  one  of  the  best  known  and  most  striking  U  the  ^ciiT-il.-^  :i'"-^c 
horse,  as  worked  out  by  Professor  O.  C.  Marsh.*    Tlie  original,  and  a*  y..:  T;niiAvrj/i 
ancestor  of  our  modern  horse  had  five  toes  on  each  foot.     In  the  i-ldrji  k'   »- 1^^^ 
type  (Eohippus — an  animal  about  the  size  of  a  fox,  belonging  to  the  early  rar:  or'  '^= 
Eocene  period;  there  were  four  well-develoiXHl  loes,  with  the  rudiment  uf  .*  LrtI:.  -c  =*- 
fore-foot,  and  three  on  eacli  hind-foot.     In  a  later  jKirt  of  the  same  .:».•: I. vrvilf^^^ 


^  Ann.  Matj.  Nat.   Hut.  Nov.  1880,  p.  SfiO.     "Rii>ort  on  Echinoidca,'  C 
ExiKxlition,  vol.  iii.  p.  19. 

2  Scinici,  iii.  (I,S8-1)  pp.  122,  115. 

»  Jahrh.  a  vol    - 
Sltrh.   lu  A  lad. 

(in  r(j)ly  to  the  an 

J)(  ut^rh.  (u'ul  Ofn.  xxxii.  (1^80)  p.  ,590.     An  oxnmpl''  of  the  tracinr    ' 
trilobitos  wns  supplii-d  by  K.  lloerncs,  tJahrh.  GtvL  LVirh^'mnt.XM 
the   <:rol()«ri.-al    hibtorv   nnd   atlilialions   of  the    r:iliOH/oi»*  invert 
Hhonld    oonsult    Prof.*  (iaudry's    » Les    Enehannu.'    '  >f^: 

rrininiro.H,'  IHS3. 

*   Annr.  Jumn.  ScL  lS7i>,  p.  lt>l). 


Urichmiut.  xxviii.  (1878)  p.  78 ;  also  AhhandL  GeoL  RtimmAt^m 
Wisx.    Wirn,  Ixxi.  (187o)  p  0:J9.     IVr/i.   Geoi.  Btifktmtt  MI|L'# 

mli-Dnrwinian  views  of  T.  Fuclis,  »,p.  cit.  1870,  lSy'\    ^  ^'^■^'•^  ? 
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^ipewed  the  Orohippiu,  »  oTeatnre  of  abaut  the  bohio  size,  but  with  only  four  toes  in 
front  ftnd  three  behiad.  Tnced  upwards  into  younger  diviBiong  of  tho  Teitiaij  loiles, 
the  Eue  of  the  animal  incTeMei,  but  the  DaDibeT  of  digits  diminiahes,  until  we  ie«cb  the 
■Dodero  Equal,  with  its  single  toe  and  rudimentary  Bplint-bonea. 

Another  remarkable  example,  thut  of  the  camclB,  i«  oitixl  b;  ProfrsBor  E.  D.  Cope. 
The  locoeMion  of  genera  ii  Mcn  in  the  nme  parts  of  the  Bkeluloo  as  in  the  cue  of  tho 
bone.  The  metatarsal  and  metacsrpal  bones  arc  or  (tro  not  co-eeidfled  into  a  cannon 
bone;  the  first  aud  Moond  superior  incisor  tcotb  are  present,  rudimentary  or  wanting, 
and  the  pianolot  number  bota  fonr  to  one.  The  ohronological  suctiession  of  gonera  ia 
giran  by  Hr.  Cope  aa  follows : 

No  ciDnon  bone.  Cannon  bone  present. 


Indtor  teeth  present.  Incisara  1  and  2  w 


3  premolars.    2  premolar 


Ancheoii). 

AcoordJDg  to  this  table,  the  Camelidoo  hare  gradually  nndcrgone  a  consolidation  of 
tbe  boties  of  the  feet,  with  a  groat  reduction  in  the  number  of  tbo  incisor  or  premolar 
teeth.  Hr.  Cope  indicates  an  interesting  parallel  between  the  palEcontoIogicsl  succeauion 
and  the  embryonio  liistorj  of  the  same  parts  of  tho  skeleton  in  the  living  caroel.' 
Among  the  Carnirora,  as  H.  Gandry  has  pointed  out,  it  is  possible  not  only  to  trace  the 
asceatry  of  existing  Bpe<^ieB,  bnt  to  disaover  trails  of  nnion  between  genera  whioh  at 
freaent  seem  far  lemovod.* 

It  is  not  ncccaeary  here  to  enter  more  fully  into  the  biological  aspect 
of  thiB  wide  Bubject.  Whilo  the  floctrine  of  evobitioii  has  now  obtained 
the  assent  of  the  great  majority  of  naturalists  all  over  the  globe,  oven 
Uie  most  strenuous  upholder  of  the  doctrine  iiiuHt  admit  that  it  in 
Attended  with  palteontological  diflicultioH  whioh  no  skill  or  reseftn-h 
has  yet  been  able  to  remove.  Tho  problem  of  derivation  remaiiin  in- 
soluble, nor  perhaps  may  we  hope  for  any  solution  beyond  mw  wilhiii 
the  most  indefinite  limits  of  correctness.^  But  to  tho  paln.H'iitiili'f;iH(.,  it 
is  ft  loattor  of  the  utmost  importance  to  feel  assured  thnt,  thuu-i'' '"'  ""',''' 
never  be  able  to  trace  the  missing  links  in  tho  chain  of  Ix'iiij:.  Iln'  i-Wif 
hsa  been  unbroken  and  persistent  from  tho  Ix^ginniu^;  of  ^v«\<-]!i' ■■■ 
time. 

a  TRmarkcfl  above  fp.  609)  that,  whilo  tho  gi'ni'rnl  m; ' 

fchMbecu  Imadly  alike  all  over  the  world,  pnigToss  )iiih  I-'  •    ■    " 
tiptil  in  iiorae  regions,  and  likewise  in    some  grades  of  ••r;---  ■■     •      . 
n  imitberti.     Tho  evolution  of  terrestrial  pliinls  iinil  (irn"  '  ■  ■■  ■  -■■ 
_toli«ro  been  mnoh  less  uniform  than  that  of  nmriii"  li''    v    -■--- 
i  of  rmrii     moUupii.ii.    It  hoB  been  Buggcsl<'d   i-'--' 

have  had  »  domiwuit  an  influom^'-  i-  ■ 


.  IL  Oatidi;  tran<. 
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offeot  land-pUota  before  they  influenced  marine  mhnah.  Otrteia^  ■ 
number  of  iBBtanoea  is  known  where  an  older  ^pe  of  mazfaw  flmoB  ■ 
Baaooiated  with  a  younger  type  of  teireBtrial  flora.  Bendoal^HMealiM^f' 
died  (p.  610),  referenoa  may  be  made  to  the  flora  of  Ittaifkixcktn  h 
Hungary,  whioh,  thongb  TtUbslo  in  type,  oooon  in  stiatft  iri^flh  imm 
been  olaased  with  the  Palnozoio  Zeohatein,  and  to  th«  Upper  QnteOMM 
flora  of  Aix  la  Ghapelle,  which,  with  its  munerons  diooifyladon^  im  ■ 
mnoh  more  modem  aapeot  than  the  oontemporaneona  fitma.  In  tti 
Weatem  Tenitories  of  North  America,  mooli  controvaray  has  Ima 
raised  as  to  the  poaitiou  of  the  ■*  Lignitio  aeriea,"  its  xioh  hamliiil 
flora  having  an  nndonbted  Tertiary  faoieB,  iriiils  ita  bona  ia  OretaoMM* 
Aooording  to  Fndha,  the  moat  important  tnrmng-point  in  the  luabny  of 
the  plant-world  ia  to  be  found  not,  aa  in  the  oaaeof  the  tanectrial  &ai^ 
between  the  Sarmatian  stage  and  the  Cbivarw-beda,  bat  on  am  oUw 
lioriEon,  namely  between  the  firat  and  aeoond  Mediterranean  atage.' 

From  what  haa  now  been  atated,  it  will  be  ondentood  that  tlia  vb- 
tence  of  any  living  apeoiea  or  genua  of  plant  or  anim^J,  within  a  oailNt 
geographical  area,  ia  a  fact  whidL  oannot  be  explained  ezoept  hy  raftr 
once  to  the  geological  hiatory  of  that  apeoiea  or  genua.  Tha  ezialbg 
forme  of  life  are  the  ontoome  c^  the  eTolntion  whioh  haa  been  in  pnpw 
dming  the  whole  of  geok^oal  time.  From  thia  point  of  view,  Ai 
inTeatigationa  of  palieontologioal  geology  are  inveated  mth  Htm  jn- 
fonndeet  intereet,  for  they  bring  before  ns  the  hiatory  of  that  linif 
oieatiou  of  whioh  we  form  a  part. 

S  Ti.  Doetrlne  of  Coloniea. — Barraude,  the  distingniahed  author  of 
the  '  Syst^me  Silurien  de  la  Boh^me,'  drew  attention,  more  than  a  qsiitK 
of  a  century  ago,  to  certain  remarkable  intercolationa  of  fbaaila  in  the  aenn 
of  Silurian  atrata  of  Bohemia.  He  ahoned  that,  while  these  atrata  pn- 
sented  a  normal  auoceaaion  of  organic  remains,  there  were  neverthelw 
exceptional  bands,  which,  oontaining  the  fosails  of  a  higher  zone,  iren 
yet  included  on  different  horizons  among  inferior  portiona  of  the  aema 
He  termed  theee  precuraoiy  bands  "  colonies,"  and  defined  the  phanonmt 
88  consisting  in  the  partial  co-existence  of  two  general  faonaa,  wkicii, 
considered  as  a  whole,  wore  nevertheless  successive.  He  suppoaed  tbi^ 
during  the  later  sUges  of  his  second  Silurian  fauna  in  Bohemia,  the  fin' 
phases  of  the  third  fauna  had  already  appeared,  and  attained  hW 
degree  of  development,  in  a  neighbouring  but  yet  unknown  np* 
At  intervals,  oorresponding  doubtless  to  geographical  nhaTiMff,  g 
movements  of  subsidence  or  elevation,  volcanic  eruptions,  Ail,  m 
cation  was  opened  between  tluit  outer  ru^ion  lunl  iln'  l.asin  of  J 
During  thcBo  intorvala,  a  groattr  or  less  iiTmiln.Tof  iiiiiiiiynui(»n__. 
in  making  their  way  into  the  Bohomiim  area,  Imt  aa  the  couditiiouforthfrT 
prolonged  continuance  there  were  not  jot  favourable,  thoy  soon  di'nJ  "ft  " 
and  the  normal  fauna  of  the  region  rcsumot]  its  occupancy.  " 
formed  during  these  partial  interraptionR.  ii..t.iM 
and  calcareous  bands,  accompnniod  by  il" 
■  E.  WciB«,  NeiM  JaM).  1878,  p.  1W{  ato  ~ 
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the  inTftding  speoies,  Femains  of  some  of  the  indigenous  forms.  Even- 
tnalljy  however,  on  the  final  extinction  of  the  second  fauna,  and,  we 
maj  suppose,  on  the  ultimate  demolition  of  the  physical  barriers  hitherto 
onlj  occasionally  and  temporarily  broken,  the  third  faunc^  which  had 
already  sent  suooessiTe  colonies  into  the  Bohemian  area,  now  swarmed 
into  it,  and  peopled  it  till  the  dose  of  the  Silurian  period.^ 

This  original  and  ingenious  doctrine  has  met  with  much  opposition 

on  the  part  of  geologists  and  palaeontologists.    Of  the  facts  cited  by 

Banande  there  has  been  no  question,  but  other  explanations  have  been 

suggested  for  them.    It  has  been  said,  for  example,  that  the  so-called 

oolonifiB  are  merely  bands  of  the  Upper  Silurian  rooks  or  third  fauna, 

which  by  great  pHoationB  or  fractures  have  been  so  folded  with  the  older 

rocks  as  to  seem  regularly  interstratified  with  them,^  the  fossils  of  the 

colonies  showing  little  or  no  mixture  of  Lower  Silurian  fossils,  such  as 

might  have  been  expected  had  they  been  really  coeval.     But  the  author 

of  the  *  Syst^me  Silurien '  contended  that  of  such  foldings  or  fractures 

there  is  no  evidence,  but  that,  on  the  contrary,  the  sequence  of  the  strata 

appears  normal  and  undisturbed.    Again,  it  has  been  urged  that  the 

difierenoe  of  organic  contents  in  these  so-called  colonies  is  due  merely  to 

1^  diffezence  in  the  conditions  of  water  and  sea-bottom,  -particular  species 

appearing  with  the  conditions  favourable  to  their  spread,  and  disap- 

j>eaTing  when  these  ceased.     But  this  contention  is  really  included  in 

'ISaiTande's  theory.    The  species  which  disappear,  and  reappear  in  later 

stages,  must  have  existed  in  the  meanwhile  outside  of  the  area  of  deposit, 

"^RrhiGh  is  precisely  what  he  has  sought  to  establish.    It  has  been  further 

Alleged  that  no  other  examples  have  ever  been  found  of  the  fauna  of  one 

distinct  geological  formation  appearing  unmixed  in  a  formation  of  older 

Much  of  the  opposition  which  his  views  have  encountered  has 

Tobably  arisen  from  the  feeling  that  if  they  are  admitted,  they  must 

"^ireaken  the  value  of  palaeontological  evidence  in  defining  geological 

lizons.    A  palaeontologist,  who  has  been  accustomed  to  deal  with 

fossils  as   unfailing  indications  of  particular  portions  of  the 

geological  series,  is  naturally  unwilling    to   see    his   generalisations 

^^peet  by  an  attempt  to  show  that  the  fossils  may  occur  on  a  far 

earlier  horizon. 

If,  however,  without  entering  into  the  details  of  the  Bohemian 

iSiistances,  we  view  this  question  from  the  broad  natural  history  platform 

j^rooL  which  it  was  regarded  by  Barrande,  it  is  impossible  not  to  admit 

"tiiat  such  phenomena  as  he  has  sought  to  establish  in  Bohemia  must 

liave  often  occurred  in  all  geological  periods,  and  in  all  parts  of  the 

"world.    No  one  now  believes  in  the  sudden  extinction  and  creation  of 

entire  faunas.    Every  great  fauna  in  the  earth's  history  must  have 

gradually  grown  out  of  some  pre-existing  one,  and  must  have  insensibly 

^  The  doctrine  of  colonies  is  dcyeloped  in  the  *  Systbme  Silnrion  dn  Centre  de  la 
Boh^e,'  1852,  i.  p.  73 ;  *  Colonics  dans  lo  Bassin  Silurien  de  la  Boheme,'  in  BvU,  8oc^ 
Q€6L  France  (2nd  ser.)  xvii.  (1859),  p.  602  ;  *  Defense  des  Colonies,'  Prague,  i.  (1861), 
ii  (1862),  iii.  (1865),  iv.  (1870),  v.  (1881). 

'  See  J.  £.  Marr,  Q.  /.  QeoL  Soc.  1880,  p.  605  ;  1882,  p.  313. 
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graduated  into  that  which  succeeded  it.    The  occnrrenoe  of  two  very 
distinct  faunas  in  two  closely  consecutive  series  of  strata  does  not  prove 
that  the  one  abruptly  died  out  and  the  other  suddenly  appeared  in  its 
place.     It  only  shows,  as  Darwin  has  so  well  enforced,  the  imperfection  of    '^ 
the  geological  record.    In  the  interval  between  the  formation  of  two  snch     ^a 
contrasted  groups  of  rocks,  the  fauna  of  the  lower  strata  mnst  have  ^e» 

continued  to  exist  elsewhere,  and  gradually  to  change  into  the  newer     ■ 

facies  which  appeared  when  sedimentation  recommenced  with  the  Qpper~~=: 
strata.  Distinct  zoological  provinces  have  no  doubt  been  separated  by  " 
narrow  barriers  in  former  geological  periods,  as  they  still  are  to-day. 
There  seems,  therefore,  every  probability  that  such  migrationB 
Barrande  has  supposed  in  the  case  of  the  Silurian  fauna  of  Bohemia^^. 
have  again  and  again  taken  place. 

That  examples  of  these  migrations  have  not  been  more  frequently  observed,  ariiei^^ 
doubtless  from  the  inherent  imperfection  of  the  geologioal  record,  and  from  the  difikmlt^*^ 
of  obtaining  the  requisite  palicontological  and  stratigraphical  data.    But  that  remarkaU^^ 
instances  of  precursory  appearances,  apparently  complete  disappearances,  and  Icnf 
subsequent  reappearances,  of  fossil  forms  have  been  chronicled  among  the  stratific 
formations,  can  admit  of  no  doubt.    One  of  the  most  interesting  of  those  may  be 
here,  from  its  bearing  on  the  Bohemian  evidence  of  Barrande.    Among  the  Loi 
Silurian  rocks  of  the  south  of  Scotland,  certain  black  anthracitic  shales  have  long 
known  to  extend  for  many  miles  along  the  strike  of  the  strata,  from  Moffiitdale 
the  north-east  and  south-west.    They  contain  a  profusion  of  graptolites,  which,  however, 
are  almost  wholly  confined  to  these  dark  bands.    The  associated  grey  Bbales,  grey- 
wackes,  and  grits  are  usually  barren  of  organic  remains,  but  on  every  horizon  of 
shales  the  graptolitcs  reappear.    The  total  maximum  thickness  of  the  black-shale 
may  be  from  400  to  500  feet.    Over  these  strata  comes  a  series  of  massive  greywaek< 
grit,  and  blue  and  grey  shale,  with  a  thickness  of  at  least  8000  or  10,000  feet,  in 
hardly  any  trace  of  an  organism  has  been  met  with,  though  in  some  of  the  gritty 
calcareous  bands  encriuites,  petraia,  trilobites,  and  a  few  brachiopodshave  beeaobti 
Next  in  succession  lies  another  zone  of  black  shale,  in  which  the  same  g^ptolites 
more  reappear  in  extraordinary  abundance.    These  organisms  could  evidently  on' 
flourish  in  the  black  ccu'bonaccous  mud.     When  the  conditions  for  the  deposit  of 
sediment  ceased,  the  graptolites  died  out  in  the  district,  though  they  oontinoed  to  li' 
in  other  areas  where  they  could  find  their  appropriate  habitat.    No  sooner,  however,* 
the  dark  mud  spread  onco  more  over  the  district  tlian  the  graptolites  swarmed  in  tga: 
and  re-occupied  their  former  sites.    The  interval  of  time  represented  by  the  8000 
10,000  feet  of  strata  between  the  two  black-shale  zones  must  have  been  great, 
estimated  in  years,  yet  it  seems  to  have  been  accompanied  with  but  little  change  in 

graptolite  fauna,  though  a  few  species  occur  in  the  later  which  have  not  been  met  w  i'fch 

in  the  older  zone.^ 

Numerous  illustrations  of  the  intimate  connection  between  the  appearance  or 
appearance  of  organic  forms,  and  the  existence  of  certain  physical  ooncUtiona  are  to 
found  in  formations,  partly  of  fluviatile  or  estuarine,  and  partly  of  marine  origin.    *'        '^^ 
Carboniferous  Limestone  of  Scotland  furnishes  instructive  examples.    This  foimai^-^Soo 
consists  of  three  divisions.    The  lowest  of  these  contains  some  thick  persistent  bandi^'^  ^ 
crinoidal  limestone,  which  with  their  accompany ing  shales,  enclose  an  abundant  mar    Jue 
fauna.    The  central  group  consists  mainly  of  sandstones  and  shales,  with  namer-^c=»>'' 
seams  of  coal  and  ironstone.     With  a  maximum  thickness  of  fiilly  1500  feet,  it  oonl 


*  The  order  of  suc^'cssion  of  these  Silurian  strata  has  been  worked  out  in  detail       ^f 
the  oESccFB  of  the  Geological  Survey  across  the  whole  of  the  south  of  Scotland. 
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abundant  romains  of  terrestrial  vegetation,  but  the  corals,  crmoids,  product!,  spirifcrs, 
orthidn,  Ac.,  so  profusely  developed  in  the  limestones  below,  are  absent,  while  other 
forms  {AjfdkraeotiiL,  An^racomya,  Rhizodu$,  Qyracanthus,  &c),  either  unknown  or 
lare  among  the  limestones,  take  their  place.  It  certainly  might  be  tliought  that  the 
older  marine  fauna  had  become  extinct.  Yet  that  this  was  not  the  cose,  is  proved  by 
the  reappearance  of  many  of  the  old  forms  in  an  upper  group  of  marine  limestones 
forming  the  highest  zone  of  the  series.  These  organisms  had  been  driven  out  of  the 
area  by  a  change  of  conditions,  but,  as  soon  as  the  unfavourable  conditions  passed  away, 
they  reappeared  from  some  neighbouring  region,  where  they  had  continued  to  live  and 
■oifer  slight  modification.* 

Even  where  the  deposition  has  been  entirely  marine,  there  have  been  intervals 
unfavourable  for  life,  when,  from  a  greater  or  smaller  area,  the  marine  organisms  have 
been  driven  away  by  the  deposition  of  mud  or  some  other  cause.  The  deposits  of  such 
intervals  are  comparatively  barren  of  fossils,  and,  were  no  evidence  available  from  higher 
strata,  it  might  be  supposed  that  the  creatures  hod  been  extirpated.  A  remarkable 
ioatance  is  furnished  by  the  Fuller's  Earth  of  the  Lower  Oolite  of  England.  In  the 
Inferior  Oolite  which  underlies  that  stage,  there  are  41  genera  and  240  species  of 
gasteropods.  Of  these  only  one  species  appears  in  the  Fuller's-earth.  But  in  the 
immediately  succeeding  Great  Oolite  22  of  the  old  genera  and  40  species  reappear. 
They  had  obviously  been  only  locally  extirpate<l,  but  continued  to  flourish  in  some 
neighbouring  area,  from  which  they  were  ready  to  return  when  the  uncongenial 
conditions  of  sedimentation  came  to  an  end.* 

§  vil.  The  collecting  of  Fossils. — Some  practical  guggeetions  regard- 
ing the  searcli  for  fossils  may  be  of  service  to  the  student.  Any  sedimen- 
tary rock  may  possibly  enclose  the  remains  of  plants  or  animals.  All  snch 
rocks  should  therefore  be  searched  for  fossils.  A  little  practice  will  teach 
the  learner  that  some  kinds  of  sedimentary  rocks  are  much  more  likely 
than  others  to  yield  organic  remains.  Limestones,  calcareous  shales,  and 
clays  are  frequently  fossiliferous ;  coarse  sandstones  and  conglomerates 
are  seldom  so.  Yet  it  will  not  infrequently  l>e  found  that  rocks  which 
might  be  expected  to  contain  fossils  are  barren,  while  even  coarse  con- 
glomerates may,  in  rare  cases,  yield  the  teeth  and  bones  of  vertebrates  or 
other  durable  relics  of  once  living  things.  The  peculiarities  of  the  rocks 
of  each  district  must,  in  this  respect,  be  discovered  by  actual  careful 

Bcrntiny. 

As  organic  remains  usually  difit-r  more  or  less,  both  in  chemical  composition  and  in 
minute  texture,  from  the  matrix  in  which  they  are  imbedded,  they  weather  differ- 
ently from  the  surrounding  rock.  In  some  instances,  where  they  are  more  durable, 
they  project  in  relief  from  a  weathered  surface;  in  others  they  decay,  and  leave,  aa 
cavities,  tlie  moulds  in  which  they  have  lain.  One  of  the  first  requisites,  therefore, 
in  the  examination  of  any  rock  for  fossils  is  a  careful  search  of  its  weathered  parts.  In 
the  great  nuijority  of  cases,  its  fosbiliferous  or  non-fossiliferous  nature  is  thereby 
■toertained. 

When  indications  of  fossils  have  been  obtained,  the  particular  lithological  characters 
oC  the  part  of  the  rock  in  which  they  occur  should  be  noted.  It  will  often  be  found 
that  the  fossils  are  either  confined  to,  or  are  more  abun^lant  and  Itetter  pn  served  in, 
eertain  zones.  These  zrjnes  uhuuld  be  explored  before  the  rest  c^f  the  rock  is  examined 
In  detaiL    ¥rhero  fossils  decay  on  expf»sure,  the  rock  containing  them  must  be  broken 


*  For  further  iHustrstions  of  the  early  appearance  and  long  survival  of  eiKxries : 
sec  po«(M,  pp.  679,  713,  715,  853. 

s  Banuay,  Q.  /.  GtoL  Soe.  Address,  1864,  p.  If.;  Etheridgc,  op.  cit,  16c;2,  Addr«s, 

p.  too. 
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open  80  as  to  roach  its  fresher  portions.  Where  the  rock  is  not  duintegnted  in 
weathering,  it  must  likewise  be  split  up  in  the  nsnal  way.  But  where  it  ommbles  vnds 
the  influence  of  the  weather,  and  allows  its  fossils  to  become  detached  from  their  matrix, 
its  d^ris  should  be  ezamioed.  Shales  and  clays  ore  particularly  liable  to  thia  kind 
of  disintegration,  and  are  consequently  deserving  of  the  fonil  ooUectoi^s  cloieit 
attention,  since  from  their  decaying  surfiMWS  he  may  often  gather  the  arganiems  of  pMl 
times,  as  easily  as  he  can  pick  up  shells  on  the  present  sea-shore. 

But  the  task  of  the  collector  does  not  end  when  he  has  broken  open  aeveral  toni^ 
perhaps,  of  fresh  rock,  and  has  searched  among  the  weathered  d^bria  mtil  heean  nokmger 
meet  with  any  forms  he  has  not  already  found.  In  recent  years,  methods  have  beet 
devised  for  enabling  him  to  extract  the  minuter  organisms  from  rocks.  Some  of  tfacM 
methods  are  described  in  the  following  pages.^  They  show  that  a  depont»  ofhenriM 
supposed  to  be  unfossiliferous,  may  be  rich  in  foraminifera,  entomostraca,  fto.,  or  tfa^ 
besides  the  abundant  fossils  readily  detected  by  the  naked  eye  in  a  rook,  tlMn  ntj 
be  added  a  not  less  abundant  and  varied  collection  of  microzoa. 

As  each  variety  of  rock  has  its  own  peculiarities  of  structure,  which  may  vmiy  froB 
district  to  district,  the  appliances  of  the  fossil  collector  must  likewise  be  varied,  as  load 
requirements  may  demand.  Tho  following  list  comprises  his  most  generally  xaM 
accoutrements ;  but  his  own  judgment  will  enable  him  to  modify  or  rapplement  thn 
according  to  his  needs  \-^ 

List  of  Appliances  useful  in  Fossil  Collecting, 

1.  Several  hammers,  varying  in  size  according  to  the  nature  of  the  rocks  to  be 

e^iamined.  Where  these  are  tough  and  hard,  a  hammer  weighing  2  Ibi.  msy 
be  needed.  A  small  trimming  hammer  (6  oz.)  for  reducing  the  size  of  spedmenf 
is  essential. 

2.  Several  chisels  of  different  sizes  and  shapes. 

3.  A  small  pick  weighing  1  lb.,  useful  for  loosening  blocks  of  rock  from  their  bed. 

4.  A  small  trowel,  used  for  scooping  up  weathered  debris  of  shale,  &o. 

5.  A  gardener's  spado  with  circular  cutting  edge ;  of  use  in  lifting  slabs  of  ahiile. 

0.  Tuir  of  strong  pincers,  like  those  used  for  cutting  wire,  for  reducing  eptmuim 
which  might  go  to  pieces  under  a  blow  of  a  hammer. 

7.  A  collecting-bag  (canvas  or  leather). 

8.  A  supply  of  nests  of  pill-boxes  for  more  delicate  specimens. 

9.  Brown  and  softer  grey  wrapping  paper  (old  newspapers  are  8er\'iceab]e). 

10.  Gummed  labels,  numbered  to  correspond  with  those  in  the  collecting-book. 

11.  Note-book   or  collecting-book,  in   which,  where  practicable,  each  specimen  ii 

entered  under  its  number,  with  all  particulars  of  its  exact  locality,  geokgicsl 
horizon,  &c. 

12.  Fish-glue,  a  thin  solution  of  which  is  useful  to  preserve  specimens  that  msybi 

liable  to  crack  into  pieces. 

Woftthcrcd  Shale  s. — The  heaps  of  shale  thrown  out  in  quarrying  opentiia^ 
afford  oxccllont  ground  for  fossil-hunting.  It  is  best  to  begin  at  the  bottom  of  a  kMfk 
and  to  creo])  slowly  along  the  same  level  for  a  dozen  yards  or  so,  where  the  gnvd  ^ 
1)e  cxaniinod  is  extensive;  then  to  return  along  a  band  slightly  higher,  and  0tt 
backward  and  forward  until  the  top  is  reached,  which  may  be  searched  in 
a  y:ir<l  at  a  time.  In  this  way,  the  more  prominent  fossils  may  be  obtafned. 
tliin  fossils,  sucli  as  shells  of  Pic.ten,  Modiola,  &c.,  which  break  into  fttgnfi^U  fa 
wcatluriiig,  must  be  sought  for  in  the  less  decayed  parts  of  the  ihalfl.  ^'hn  ^i^^^ 
the  matrix  around  them  should  be  reduced  to  the  desired  aiie  fay  rneuf  of  |^]j^«. 

*  Tho  following:  descriptions  of  methods  of  searching  for  fixril  rtfeiom  It^^^  ^^ 
drawn  up  fri>ni  notes  for  which  I  am  indebte<i  to  Mr  .T'«»'  '' 

of  tho  (»«-i>lojj:ioal  Survey  of  Scotland,  who  has  !'*=■♦  " 
our  kuowlodgo  of  the  minuter  forma  of  unimrd  ! 
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niej  ahonld  then  be  wrapped  up  in  a  box,  or,  at  least,  secured  against  injury  in  the 
bomewaid  tnuuport»  and  as  soon  as  possible  thereafter  should  be  dipped  in  a  thin 
•olntion  of  flkh-glne  and  allowed  to  dry  slowly  in  the  air.  As  a  rule,  particularly  where 
the  strootme  of  a  foesil  is  well  preserved,  it  is  desirable  to  retain  also  the  surfEice  of 
look  oontaining  its  impzession«  as  the  oast  (»r  counterpart  not  infrequently  contains 
•ridenoe  of  straetorQ  which  may  be  less  distinctly  preserved  on  the  side  to  which  the 
main  pcMrtion  of  the  foesQ  has  adhered. 

Some  fotdli  of  great  delicacy,  such  as  fironds  of  FenesteOo,  which  go  to  pieces  as 
the  rook  weathers,  may  be  extracted  by  an  ingenious  process  devised  by  Mr.  John 
Toungt  Omator  of  the  Hunterian  Museum,  Glasgow  University.  If  the  shale  on  which 
meh  arganims  lie  is  liable  to  go  to  pieces,  it  may  be  sufficiently  secured  for  transport 
by  being  coated  with  a  thin  solution  of  gum,  which  is  allowed  to  dry  before  the  specimen 
is  packed  up.  If  the  actually  exposed  face  of  the  FenesUUa  is  intended  to  be  exhibited, 
it  may  be  cleaned  from  the  gum  or  from  any  adherent  shale  by  being  rubbed  quickly 
with  a  wet  nail-brash  and  wiped  with  a  clean  damp  sponge,  care  being  taken  that  the 
gum  holding  down  the  lower  surface  of  the  fossil  is  not  softened,  and  that  the  shale  does 
■ot  get  too  wet.  H^  on  the  other  hand,  it  is  desirable  to  expose  the  face  of  the  frond  that 
adhorai  to  the  shale,  this  may  be  effected  as  follows :  All  trace  of  any  gum  that  may 
have  been  used  should  be  carefully  removed.  The  specimen  is  then  warmed  before  a  fire, 
tnd  a  thin  layer  of  asphalt  is  melted  over  it  by  means  of  a  hot  iron  rod.  If  the  frond  to 
be  lifted  is  large,  a  thick  strong  cake  should  be  formed  upon  the  specimen  by  using 
alternate  layers  of  strong  brown  paper  and  asphalt,  the  paper  always  forming  the  outer 
Bufiuse  of  the  cake.  When  the  cohesion  between  the  asphalt  and  the  specimen  is  firm, 
the  whole  is  then  placed  in  water,  when  the  shale  generally  crumbles  down  and  can 
be  removed,  leaving  the  FemesUXla  adhering  to  the  asphalt.  In  this  way,  the  poriferous 
for&oe,  which,  for  the  most  part,  is  the  one  that  dings  to  the  shale  when  the  rock  is 
broken  open,  is  laid  bare.  By  gently  brushing  the  specimen  with  water,  its  minute 
itrueture  may  be  revealed,  the  delicate  network  lying  on  the  asphalt  like  a  piece  of 
lace  upon  a  ground  of  black  velvet  The  cake  of  asphalt  may  then  be  shaped  and 
mounted  on  a  wooden  tablet.* 

But  in  most  cases  there  are  numerous  minuter  forms  which  escape  notice,  and  which 
must  be  searched  for  in  another  way.  To  secure  these,  a  little  shale  should  be  lifted 
with  a  trowel  from  the  most  weathered  parts  where  fossils  are  visible,  the  trowel  being 
gently  pushed  along  so  as  to  remove  only  the  superficial  layer,  where  the  fossils  are 
neociflonrily  more  abundant  from  the  disintegration  and  removal  of  the  shale  by  rain,  sun 
and  wind.  If  wet,  the  shale  thus  collected  should  be  thoroughly  dried  in  an  oven  or 
before  a  fire.  Thereafter,  it  is  to  be  well  soaked  in  water  till  it  crumbles  down ;  after 
gentle  agitation,  the  muddy  water  should  be  poured  ofi^  the  heavier  particles  being 
allowed  to  settle  to  the  bottom.  This  process  should  be  repeated  till  the  sediment  is 
10  freed  firom  clayey  particles  that  it  can  be  passed  through  sieves  of  different  degrees 
of  fineness.  The  several  assortments  thas  obtained  should  then  be  boiled  separately  in 
i  rather  broad-bottomed  goblet  over  a  brisk  fire  for  about  half  an  hour,  the  boiling 
being  continued  with  a  change  of  water  till  little  or  no  mud  appears.  The  coarser 
pszoelB  may  then  be  dried  and  spread  out  on  a  school-slate,  when,  with  lens  and  a  camel- 
bair  brush  wetted  at  the  point,  the  fossils  may  be  easily  picked  out  and  dropped  into  a 
|>ill-box  for  frirther  examination.  The  finer  kinds  may  be  separated  into  lighter  and 
beavier  portions  by  putting,  say  a  handful  of  the  thoroughly  dried  sediment  into  a  bowl, 
snd  turning  a  gentle  stream  of  water  upon  it,  when  the  lighter  grains  float  and  may 
be  decanted  into  another  vessel.  These  floated  parts  include  the  smaller  kinds  of 
foraminifera  and  entomostraca,  the  plates,  anchors,  crosses,  and  other  spicules  of  holo- 
thnrians  and  sponges,  fragments  of  polyzoa,  shells,  &c  The  effect  of  boiling  is  to 
loosen  these  organisms  from  the  matrix  and  to  clean  them  more  perfectly  than  can  bo 


Mr.  Young  has  kindly  revised  for  me  this  account  of  his  asphalt-process. 
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done  in  any  other  way ;  the  minuter  forms  float  o£f  as  dust.  By  thia  method  of  detaekioii 
aud  selection,  fossils  which  ocom  only  in  the  proportion  of  one  in  a  th^y^nMid  of  fiie 
particles  may  be  easQy  secured. 

Unweathered  Shales. — ^It  often  happens  that  along  diff-seotioiia.  on  the 
banks  or  beds  of  rivers  or  on  the  sea-shore,  fossiliferous  shales  ooour  from  whioh  the 
weathered  portions  are  continually  washed  or  blown  away,  so  that  no  opportanify  oooon 
of  adequately  collecting  the  fossils  from  the  exposed  d^ris  of  the  rocks.  In  audi  cant 
the  solid,  unweathered  shale  must  bo  taken  and  treated  somewhat  dLffeiently.  All 
layers  of  shale  will  not  be  found  to  bo  equally  rich  in  miorozoa,  and  it  is  desiiable  to  iij 
those  first  which  seem  most  likely  to  yield  satisfactory  results — such,  fiar  itMrfA|M»^  as 
those  which  are  otherwise  most  fossiliferous.  Where  shale  occurs  in  asBodatton  with 
limestone,  the  portions  just  bcucath  or  above  the  limestone  should  first  be  aearohed.  The 
parts  selected  should  be  dried  as  thoroughly  as  possible  in  an  oven  or  before  a  fire^  and 
should  then  be  put  into  water,  and  left  there  until  they  fall  to  piecea.  The  d^iia  thus 
obtained  is  to  bo  put  into  a  rather  wide-meshed  sieve,  and  the  ooaner  materials  left 
behind  may  be  again  dried  and  steeped,  this  process  being  repeated  two  or  three  times* 
or  until  the  fragments  undergo  no  further  subdivision.  When  thus  reduoed  aa  much  as 
possible,  the  ddbns  should  be  boiled  as  above  described.  Some  shalee  are  oouqiletety 
disintegrated  at  once  by  boiling ;  others  only  after  prolonged  boiling,  while  soine^  though 
subdivided  into  small  fragments,  vnll  not  **  dissolve,"  that  is,  will  not  break  up  into  siwh 
fine  particles  as  to  remain  in  mechanical  suspension  in  the  water.  Such  obdozate 
varieties  must  be  examined  in  bulk.  In  the  Carboniferous  system,  the  shalee  that  boil 
down  completely  are  those  in  which  their  component  arg^iUaceons  particles  have  been 
compacted  merely  by  pressure,  or  with  such  slight  cementation  as  could  be  deetrojred  by 
boiling.  They  are  usually  grey  beds,  such  as  so  often  accompany  limestooea.  The 
black  shales,  on  the  other  hand,  containing  a  oonsiderable  proportion  of  bitomiaoiii 
cement,  will  not  thoroughly  break  up  even  after  prolonged  boiling. 

The  drying  and  steeping  here  described  may  be  regarded  as  procesMS  of  rapid 
artificial  weathering.  The  effects  of  the  heat  of  a  fire  upon  shale  resemble  thoee  of  the 
sun's  rays,  and  the  soaking  in  water  is  a  counterpart  of  the  action  of  rain.  It  ia 
surprising  how  easily  hard,  compact  shale,  which  can  with  difficuity  be  broken  or  aplit 
with  a  hammer,  may,  by  the  method  above  specified,  be  reduced  to  dust  at  to  fine 
granular  d^ris,  from  which  even  delicate  shells  may  easily  be  picked  out  entire.  One 
may  thus  experimentally  learn  how  important  a  part  in  the  disintegration  of  rocks  most 
be  taken  by  the  alternate  desiccation  and  saturation  of  their  surfaces  by  aonshine  and 
shower. 

Limestone  and  Ironstone. — Among  fossiliferous  limestones,  remarkable  difSsi^ 
ences  are  observable  in  the  lithological  condition  of  the  enclosed  fossils,  and  in  the  ease 
with  which  they  can  be  recognised  and  extracted.  It  is  only  by  diligent  praotioe  that 
these  peculiarities  can  be  so  mastered  as  to  enable  the  observer  to  make  an  exhaoatiTe 
collection  from  the  rocks  which  he  explores.  In  some  limestones,  the  organic  remaina 
are  specially  abundant  in  particular  layers  or  pockets.  Fragments  of  these  porta  of  the 
rock  may  be  taken  home,  and  their  fossils  may  be  extracted  by  fixing  the  block  on  a 
piece  of  lead  1  inch  thick  and  about  6  inches  square,  and  cutting  out  the  desired 
specimens  with  hammer  and  chisel.  Entomostraoa,  and  other  small  organisms  in  whioh 
the  valves  are  united,  may  also  be  obtained  in  a  perfect  condition  from  thia  daaa  of 
rocks,  by  pounding  fragments  of  the  fossiliferous  material  with  a  hammer  within  the 
circle  of  a  small  iron  ring  or  ^  washer,"  one-eighth  inch  in  thickness.  As  the  rock  is 
crushed  by  the  blows  of  the  hanmier  the  organisms  jump  out  of  the  matrix,  bat  aie 
retained  within  the  bounds  of  the  ring,  which  also  answers  as  a  gauge,  preventing  the 
material  from  being  broken  too  small.  The  pounded  rock  is  afterwards  washed  free 
from  dust,  dried  and  searched  as  above  directed.  Many  limestones  reveal  their  fbanla 
best  on  weathered  surfaces.  In  such  cases,  it  not  infrequently  happens  that  the  upper 
port  of  the  rock  immediately  below  the  soil  or  subsoil  yields  a  richer  harveat  of  good  apeet- 
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mens  than  could  be  obtained  by  breaking  open  the  fresh  stone.  Some  of  the  rotten  debris 
fr«)m  the  surface  and  fissures  of  the  limestone  should  be  carried  liomo,  washed  and  boiled, 
as  in  the  treatment  of  shale.  The  minuter  organisms  may  thus  be  recovered,  and  as  these, 
when  found  in  limestone,  often  differ  in  kind  from  those  preserved  in  shale,  no  opportunity 
alionid  be  lost  of  scarchiug  for  them.  Soft,  pulverulent  limestones,  such  as  chalk,  should 
be  gently  levigated,  the  chalky  water  being  poured  off  nnd  fresh  water  Ijeiug  added,  until 
a  granular  residue  of  foraminifera,  ostracods,  shell  fragments,  &c.,  is  obtained.  Nodules  of 
limestone  or  ironstone  often  enclose  fosisils,  but  it  is  not  always  easy  to  split  them  open  in 
such  a  way  as  to  lay  bare  their  organic  nucleus.  This,  however,  may  frequently  be  effected 
by  putting  the  noilnle  into  a  fire,  and  droppiug  it,  when  quite  hot,  into  cold  water. 

Clay  8. — These  may  be  successfully  treated  for  microzoa  in  the  manner  above 
described  for  shales.  Though  they  often  contain  much  interstitial  moisture  they  arc 
not  readily  levigated  in  water  imtil  after  they  have  been  thoroughly  dried  in  an  oven, 
before  a  fire,  or  in  the  sim.  When  so  treated  they  are  easily  reduced  to  fine  mud,  which 
may  be  remoTcd  in  suspension  until  a  granular  residue  is  left,  which  may  be  searched 
§or  fossils.  But  as  many  of  the  minuter  organisms  float  when  loosened  from  the  matrix, 
the  muddy  water  should  be  passed  through  a  brass-wire  sieve  as  fine  as  muslin.  If 
fhe  meshes  become  clogged,  so  that  the  water  will  not  fiow  readily  through  them,  a 
few  SQUirt  taps  on  the  side  of  the  sieve  will  clear  them.  Should  some  portions  of  the 
clay  refuse  to  pass  into  muddy  suspension,  even  after  repeated  trials,  they  will  probably  be 
lerigated  by  boiling,  as  for  shale.  Treated  as  here  recommended,  many  glacial  clays, 
which,  to  the  eye,  appear  hopelessly  unfossiliferous,  may  thus  be  made  to  yield  an 
interesting  group  of  Foramini/era,  Fntomostraca,  &c,^ 

'  By  the  methods  here  recommended  large  additions  have  l)cen  made  to  our  know- 
ledge of  the  microzoa  of  the  past.  (See,  for  example,  Mr.  H.  B.  Brady's  researches  on 
the  Carboniferous  Foramini/era,  and  Prof.  T.  R.  Jones's  and  Mr.  Kirkby's  monograph 
on  Carboniferous  Entomottraca.)    The  existence  of  Holothuricia  in  the  Carboniferous 

has  been  discoyered  entirely  by  these  means. 
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STRATIGKAPHIOAL  GEOLOGY. 

This  brauoli  of  the  Bcieiice   arranges  the  rockfl  of  the  earth's  cruBt  in 
the  order  of  their  appearance,  and  interprets  tlie  seqnence  of  events  of 
which  they  form  the  records.     Its  province  is  to  cnll  from  the  other 
departments  of  geology  the  facts  which  may  bo  needed  to  show  what 
has  been  the  progress  of  the  planet,  and  of  each  continent  and  country 
on  its  surface,  from  the  earliest  times  of  which  the  rocks  have  preserved 
any  memorial.     Thus,  from  Mineralogy  and  Petrography,  it  obtains  infor- 
mation regarding  the  origin  and  subsetpiont  mutations  of  minerals  9jA 
rocks.  From  Dynamical  Geology,  it  learns  by  what  agencies  the  material 
of  the  earth's  crust  have  been  formed,  altered,  broken  or  upheaved.    Fio»^ 
Geotectonic  Geology,  it  understands  in  what  manner  these  materi>^ 
have   been   built  up  into  the   complicated  crust  of  the  earth.     FTom 
Paleeontological  Geology,  it  receives,  in  well-determined  fossil  remaixis,  a 
clue  by  which  to  follow  the  relative  chronology  of  stratified  formations 
and  to  trace  the  grand  onward  march  of  organised  existence  upon-  ^^^ 
planet.     Stratigraphical  geology  thus  gathers  up  the  sum  of  all    th** 
is  ascertained  by  other  departments  of  the  science,  and  makes  it   0*'^"' 
servient  to  the  interpretation  of  the  geological  liistory  of  tho  earth. 

The  leading   principles   of  stratigrapliy   may  l>o    summed  up      ** 
follows : — 

a 

1.  In   every  stratigraphical  research,  tho  fundamental  requisite      ^ 
to  ostAblish  the  order  of  superposition  of  the  strata.    Until  this  10  •^•^ 
coraplished,  it  is  impossible  to  arrange  relative  dates  and  make  <^*^ 
the  sequence  of  geological  history. 

2.  The  stratified  portion  of  the  earth's  crust,  or  Geological  Reoor'*"''^ 
may  be  subdivided  into  natural  groups  or  "  formations  *'  of  strata,  ew^^^^^  - 
marked  throughout  by  some  common  facieSj  that  is  by  the  occurrenoe 
some  characteristic  genera  or  species  of  organic  remains,  or  a  genera 
resemblance  in  their  paleeontological  type  or  character,^  or,  for  limit 
tracts  of  country,  by  some  common  lithological  features. 

3.  Living  species  of  plants  and  animals  can  l>e  traced  downward  into 

*  The  student  may  consult  an  interesting  paper  by  Prof.  E.  Renevier  (Ar^  8ei, 
Phy9.  Nat.,  Geneva  (1884)  xii.  p.  297)  on  "  Geological  Facies."  The  total  mean  depth  of 
the  fossiliferous  formations  of  Europe  has  been  set  down  at  75,000  feet,  or  upwards  of 
14  miles. 
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the  more  recent  geological  formationB  ;  but  grow  fewer  in  number  rb 
they  are  followed  into  more  ancient  deposits.  With  their  disappearance, 
we  encounter  other  species  and  genera  which  are  no  longer  living. 
These  in  turn  may  be  traced  backward  into  earlier  formations,  till  they 
too  cease,  and  their  places  are  taken  by  yet  older  forms.  It  is  thus 
shown  that  the  stratified  rocks  contain  the  records  of  a  gradual  progres- 
sion of  organic  types.  A  species  which  has  once  died  out  does  not  seem 
ever  to  have  reappeared.  But,  as  has  been  already  pointed  out  (p.  618) 
in  reference  to  Barrande's  doctrine  of  colonies,  a  species  may,  within  a 
limited  area,  appear  in  a  formation  older  than  that  of  which  it  is  else- 
where characteristic,  having  temporarily  migrated  into  the  district  from 
some  neighbouring  region  where  it  had  already  established  itself. 

4.  When  the  order  of  succession  of  organic  remains  among  the 
stratified  rocks  has  once  been  accurately  determined,  it  becomes  an  in- 
valuable guide  in  the  investigation  of  the  relative  age  and  structural 
arrangements  of  rocks.  Each  zone  or  group  of  strata,  being  charac- 
terised by  its  own  species  or  genera,  may  be  recognised  by  their  means, 
and  the  true  succession  of  strata  may  thus  be  confidently  established 
even  in  a  country  wherein  the  rocks  have  been  greatly  fractured,  folded, 
or  inverted. 

5.  The  relative  chronological  value  of  the  divisions  of  the  Geological 
Becord  is  not  to  be  measured  by  mere  depth  of  strata.  While  a  great 
thickness  of  stratified  rock  may  be  reasonably  assumed  to  mark  the 
passage  of  a  long  period  of  time,  it  cannot  safely  be  afiirmed  that  a  much 
less  thickness  elsewhere  represents  a  correspondingly  diminished  period. 
The  truth  of  this  statement  may  sometimes  bo  made  evident  by  an  un- 
oonformability  between  two  sets  of  rocks,  as  has  already  been  explained. 
The  total  depth  of  both  groups  together  may  be,  say,  1000  feet.  Else- 
where we  may  find  a  single  unbroken  formation  reaching  a  depth  of 
10,000  feet ;  but  it  would  be  utterly  erroneous  to  conclude  that  the  latter 
represents  ten  times  the  duration  indicated  by  the  two  former.  So  far 
from  this  being  the  case,  it  might  not  bo  difficult  to  show  that  the  minor 
thickness  of  rock  really  denoted  by  far  the  longer  geological  interval. 
If,  for  instance,  it  could  be  proved  that  the  upper  part  of  both  the 
sections  lay  on  one  and  the  same  geological  platform,  but  that  the  lower 
unconformable  series  in  the  one  locality  belonged  to  a  far  lower  and 
older  sj'stem  of  rocks  than  the  base  of  the  thick  conformable  series  in 
the  other,  then  it  would  be  clear  that  the  gap  marked  by  the  uncon- 
formability  really  indicated  a  longer  period  than  the  massive  succession 
of  deposits. 

6.  Fossil  evidence  furnishes  the  chief  means  of  comparing  the  rela- 
tive chronological  value  of  groups  of  rock.  A  break  in  the  succession  of 
organic  remains  marks  an  interval  of  time  often  unrepresented  by  strata 
at  the  place  where  the  break  is  found.  The  relative  importance  of  these 
breaks,  and  therefore,  probably,  the  comparative  intervals  of  time  which 
they  denote,  may  be  estimated  by  the  difference  of  the  facies  of  the  fossils 
on  each  side.     If,  for  example,  in  one  case  we  find  every  species  to  bo 
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lyoopods,  ganoid  fishes,  and  other  fossils  so  abundant  in  the  overlying 
Btxat^a.  Bat  further  research  would  show  him  that,  high  above  the 
plan,  ^bearing  sandstones  and  coals,  other  limestones  and  shales  might 
"be  olMerved,  charged  with  the  same  marine  fossils  as  before,  and  followed 
l>y  Bi;ill  further  groups  of  sandstones,  coals,  and  carbonaceous  beds  and 
jet  Jnigher  marine  limestones.  He  would  thus  learn  that  the  same 
orga.xiisms,  after  being  locally  exterminated,  returned  again  and  again 
to  ^Ixe  same  area  when  the  conditions  favourable  for  their  luigration 
nap2?o^6d  and  enabled  them  to  reoccupy  their  fonner  haunts.  Such  a 
would  probably  teach  him  how  largely  the  fauna  entombed  and 
ved  on  any  i)ai*ticular  ge(dogical  horizon  has  Ixjen  iiiliuenced  by 
ike  csouditioiis  of  sedimentation,  and  that  he  should  pause  before  too  con- 
fiderktiy  asserting  that  the  highest  bed  in  which  certain  fossils  can  be 
dfiteoted,  marks  really  their  final  appearance  in  the  history  of  life.  An 
interraption  in  the  succession  of  fossils  may  thus  be  merely  temporary 
or  looal,  one  set  of  organisms  having  been  driven  to  a  different  part  of 
flw  futme  region,  while  another  set  occupied  their  place  until  the  first 
^»*  enabled  to  return. 

7.  The  Geological  Kecord  is  at  the  lx)st  but  an  imperfect  chronicle  of 
^  geological  history  of  the  earth.  It  abounds  in  gaps,  some  of  which 
J>*ve  been  caused  by  the  destruction  of  strata  owing  to  metamorphism, 
^"Udation,  or  otherwise,  some  by  original  non-deposition,  as  above 
ttpliiined.  Nevertheless  it  is  from  this  record  that  the  progi'ess  of  the 
**rtli  is  chiefly  traced.  It  contains  the  registers  of  the  births  and  deaths 
rf  tribes  of  plants  and  animals,  which  have  from  time  to  time  lived  on 
^  earth.  Probably  only  a  small  proportion  of  the  total  number  of 
■P®ci©8,  which  have  appeared*  in  past  time,  have  been  thus  chronicled, 
yet,  "by  collecting  the  broken  fragments  of  the  record,  an  outline  at  least 
of  tKe  history  of  life  upon  the  earth  can  bo  deciphered. 

It  cannot  bo  too  frequently  stated,  nor  too  prominently  kept  in  view, 

tiiat,   although   gaps   occur  in   the   succession  of  organic   remains   as 

wcoTded  in  the  rocks,  there  have  been  no  such  blank  intervals  in  the 

progress  of  plant  and  animal  life  upon  the  globe.     Tlie  march  of  life 

1m*  been  unbroken,  onward  and  upward.     Geological  history,  therefore, 

if  its  records  in  the  stratified  formations  were  perfect,  ought  to  show  a 

blending  and  gradation  of  epoch  with  epoch,  so  that  no  sharp  divisions 

of  its  events  could  be  made.     But  the  record  of  the  history  has  been 

conatantly  interrupted :  now  by  upheaval,  now  by  volcanic  outbursts, 

now  by  depression,  now   by   protracted    and    extensive    denudation. 

These  interruptions  serve  as  natural  divisions  in   the  chronicle,  and 

liable  the  geologist  to  arrange  his  history  into  periods.     As  the  order 

of  snccession  among  stratified  rocks  was  first  made  out  in  Europe,  and 

as  many  of  the  gaps  in  that  succession  were  found  to  be  widespread  over 

the  European  area,  the  divisions  which  experience  establislied  for  that 

portion  of  the  globe  came  to  Ijo  regarded  as  typical,  and  the  names 

adopted  for  them  were  applied  to  the  rocks  of  other  and  far  distant 

regions.     This  application  has  brought  out  the  fact  that  some  of  the 
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hi'/Mt.  uiii.rV.*'A  <^«'/!o;:i':iiI  bn^akri  in  Ymt*j\iQ  du  iioi  fxi^t  eLsewLen.-,  auil,uu 
\.)\*\  'lUifrr  huij'l,  th;il  Millie  iK^rtioBH  of  the  rec<.>rl  an;  luiicli  more  otmi- 
\t\t\.*;  \\\*'r*:  lli;fttj  ill  otIi<:r  rcr;poriH.  Hence,  while  the  ^ueial  siuiikritj 
of  Mii':':i  Hhion  T/jay  remain,  Jiflferent  Hubdivisioub  an<l  uomeudature  an- 
ii;*\\\\r**\  iiH  \vi;  )i;iMH  \'ri}\x\  Continent  to  continent. 

'11m;  Hinalli!Ht  unrl  Hini])leHt  Hulxlivihion  of  the  Geokigical  Reconliba 
Kt.  r:itiiin,    layf^r,   Hoani  or  bed.     As  a  rule  it   is  diBtiiiguibhaUc 
liy  lifljulo^ifrul  rather  tlian  {lalfieontological  featiii-eH.    Where  a  bed,  i»r 
liiiiif^Ml  niiiiilH;r  of  IhmIh,  jh  characteriKe«l   by  one  or   more  distinctive 
ioHHilH,  it  JH  tiTiiKMl  a  /one  (jr  horizon,  and,  as  already  mentioiiud, 
Ih  oft^'n  known  by  the  name  of  a  typical  fossil,  as  the  different  zouciiin 
t.}io  liiuH  aro  by  their  8])ocial  species  of  ammonite.^     T%vo  or  more  such 
/.onon,  unitrd    by   thn   (KMnirrence   in   them  of  a  immber  of  the  fianie 
rhiiriirirriHtir.  Hjiccirs  tir  genera,  may  1)6  called  beds  or  an   assibe, 
HH  in  tin*  **MirruMt<T  ImmIs  or  assise"  of  the  Cretaceous  system,  whidi 
in<'linb»  tin*  /.om-s  of  M,  cur-(vti(tulinarium  and  M,  cor'anguhium.     IVu  or 
morr  HftH  of  Hiich  ronnect^'d  l)eds  or  assises  may  be  termed  a  group  or 
h  t  M  );-  (M  t'ttiifr ).     I  n  some  cases,  Avhere  the  number  of  assises  in  a  8ta<:e  is 
larp\  tlu'V  an*  p;rou|HMl  into  sub-stages  (soutt-vtatjeif)  or  8uh-group«?.  Ead 
hnb-Nliif^o  or  Hnb-j;:roU))  will  then  coni^ist  of  several  assises,  and  the  bta^f 
or  j^roiip  of  srvrriil  sub-stages  or  sub-groups,      A  number  of  gnrnjisiir 
hla^rs  rtnistiluti's  a  stories,  section  (^AhtheiUimj),  or  formation, 

luul  H  numlHT  t»f  siTios,  sections,  or  formations  may  be  united  int" « 

M  V  H  t  r  m." 

• 

'  Th*!.  *.;*iuli\  ostiiiia(t>  tin-  lotal  numbiT  oi"  zom*  iu  tl.c  Kur -j-^.^l:  J v.-I ■jp  J 
•nil  rt  Ml  111.  In  X\n>  ralfiilathui  X\\v  ^uTn»'iv  Mstt-m  i*  iill-w^vi  :i.-»  f- n^r.j  *±.i-  ;'.{  jdf 
\  ;iiUiiiiUroii^  niui  l\rmi:ui  t*«^Hlur,  10;  u\\%\  tin-\aii.br:ii!i  hiA  S:;..::  .  .  :.v.'.:.:-* 
'  rui'lminnm  iitu  ilu  MomK*  Auiuial :  FiVN^ilt**  rriiuain  s.*  l>'*;i. 

(\M»ip.nr  llrluMt.  .4.JW.  S'l*.  dr../.  xi.  O^^^H.  Ti.i  UT.ir:  mLz.  .-:  ^v.'.  s.  il  1-  •  -• 
»l.ihm  ilm«ii:;)i.>ut  ili^  world  i>  oiu-  of  ilu-  oViv!>  :.in:"i  .i:  'v  :;...  •■[:.:.'  .:^J 
tMol,»::uMl  ron-n'>>,"  \*hK'h  ,it  itjiuuvtincal  lV»lI^i;ij.t  r»-v\  ■:»::.. riidi-i  il  jki  '.»..  ■- 
loiii'WMij:  urii»>,  tin-  iiio>t  ivaij^nhi iisivo  K.iui:  i4:i*:d  tt":  . — 

•  '#  ■  .»».  i>  .'>.-.    .  ■ ,;  ;.   •  ■  vi,.;:/.  jf.  l"         V    ■ .    .  .  ..       .      ; 

riivr.j\  *  :  ::. 

Sx^tit;;.  :  ,-   .' 

N:ii *.  ;    .  . 


of  .v.*.?j»  \\\c  ^or\;*  Kr,''>>  o:  .4>«  >-. 

.«:  Kpkvh.  ..;•.*;  i\.c  Ajmi>:n  S;.-»^:   v-r  Act       aL-.   :- rr..  ■  ■  rL. 


^ ..  __ _..._.     -.-.-1     ^:-"!- 

:h.  wor*C  ^:.>  a>  a;*:^:  ;:;v:  :/;:.:  :^>i.  j.;  •-:...:    :.     •       -     :...-::    '.L:.>.:-:i^ 

.'.-!» i  .  }'V.\  r.  T  .v*  ;•  ....-.-i    :  :  A  ^: :   v  rvt?  sr.:*:     --   :.    ■:.      •    :   .^._        : :  -  >      '.■'.*- 
nifiTiitt:.  *.  :..*»  ••■.y.-i.k     :"  :    :  -v."   slk  T::-..  •  *  .  ■    :  -    •       '••"■,--'•    '-.i- 

nnii        .;--^i.    \l  I.  .  1»". .  ;.   .v~      ."    ;'..•.•   -^i.  "       i  -         ".       --  ».'«,  1' iiJ- 

hfciv^w»r:;..  ir.::j:i.  ;.  .....  ;"j-  :>;*-.:..>.: ,%.:   ..^   :_  .    *  ^       -"  •  .^J"    ^^..'     T.       , 

^_«^_  ^-        -  ■.  •.    -  »..•-.  ■.--..».       _ 
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lyoopods,  ganoid  fishes,  and  other  fossils  so  abundant  in  the  overlying 
(trata.  Bat  further  research  would  show  him  that,  high  above  the 
plant-bearing  sandstones  and  coals,  other  limestones  and  shales  might 
je  observed,  charged  with  the  same  marine  fossils  as  before,  and  followed 
yy  still  further  groups  of  sandstones,  coals,  and  carbonaceous  beds  and 
ret  higher  marine  limestones.  He  would  thus  learn  that  the  same 
>rgani8ms,  after  being  locally  exterminated,  returned  again  and  again 
»  the  same  area  when  the  conditions  favourable  for  their  migration 
"eappeared  and  enabled  them  to  reoccupy  their  former  haunts.  Such  a 
eeson  would  probably  teach  him  how  largely  the  fauna  entoml>ed  and 
ireserved  on  any  jmrticular  geological  horizon  has  been  influenced  by 
;he  conditions  of  sedimentation,  and  that  he  should  pause  before  too  con- 
ideutly  asserting  that  the  highest  bed  in  which  certain  fossils  can  be 
tetected,  marks  really  their  final  appearance  in  the  history  of  life.  An 
nterruption  in  the  succession  of  fossils  may  thus  be  merely  temporaiy 
)r  local,  one  set  of  organisms  having  been  driven  to  a  different  part  of 
he  same  region,  while  another  set  occupied  their  place  until  the  first 
Hras  enabled  to  return. 

7.  The  Geological  Kecord  is  at  the  best  but  an  imperfect  chronicle  of 
hb  geological  history  of  the  earth.  It  abounds  in  gaps,  some  of  which 
lave  been  caused  by  the  destruction  of  strata  owing  to  metamorphism, 
ienudation,  or  otherwise,  some  by  original  non-deposition,  as  above 
tplained.  Nevertheless  it  is  from  this  record  that  the  progi'ess  of  the 
irth  is  chiefly  traced.     It  contains  the  registers  of  the  births  and  deaths 

*  tribes  of  plants  and  animals,  which  have  from  time  to  time  lived  on 
LO  earth.  Probably  only  a  small  proportion  of  the  total  number  of 
secies,  which  have  appeared  in  past  time,  have  been  thus  chronicled, 
3t,  by  collecting  the  broken  fragments  of  the  record,  an  outline  at  least 
'  the  history  of  life  upon  the  earth  can  be  deciphered. 

It  cannot  be  too  frequently  stated,  nor  too  prominently  kept  in  view, 
lat,  although  gaps  occur  in  the  succession  of  organic  remains  as 
corded  in  the  rocks,  there  have  been  no  such  blank  intervals  in  the 
•ogress  of  plant  and  animal  life  upon  the  globe.  The  march  of  life 
iS  been  unbroken,  onward  and  upward.  Geological  history,  therefore, 
its  records  in  the  stratified  formations  were  perfect,  ought  to  show  a 
ending  and  gradation  of  epoch  with  epoch,  so  that  no  sharp  divisions 
'  its  events  could  be  made.  But  the  record  of  the  history  has  been 
instantly  interrupted :  now  by  upheaval,  now  by  volcanic  outbursts, 
j-w  by  depression,  now  by  protracted  and  extensive  denudation. 
hose  interruptions  serve  as  natural  divisions  in  the  chronicle,  and 
table  the  geologist  to  arrange  his  history  into  periods.     As  the  order 

•  snccession  among  stratified  rocks  was  first  made  out  in  Europe,  and 
I  many  of  the  gaps  in  that  succession  were  found  to  be  widespread  over 
lo  European  area,  the  divisions  which  experience  established  for  that 
ortion  of  the  globe  came  to  1)0  regarded  as  typiail,  and  the  names 
iopted  for  them  were  applied  to  the  rocks  of  other  and  far  distant 
3gion8.     This  application  has  brought  out  the  fact  that  some  of  the 
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mu8t  mai;Jced  geological  breaks  in  Europe  do  not  exist  elsewhere,  and,  ou 
the  other  hand,  that  some  jKjrtions  of  the  record  are  much  more  com- 
plete there  than  in  other  regions.  Hence,  while  the  general  similarity 
of  succession  may  remain,  different  subdivisions  and  nomeudature  are 
required  as  we  pass  from  continent  to  continent. 

The  smallest  and  simplest  subdivision  of  the  Geological  Record  is  t 
stratum,  layer,  seam  or  bed.  As  a  rule  it  is  distinguishable 
by  lithological  rather  than  palseontological  features.  Where  a  bed,  or 
b'mited  number  of  beds,  is  characterised  by  one  or  more  distinctive 
fossils,  it  is  termed  a  zone  or  horizon,  and,  as  already  mentioned, 
is  often  known  by  the  name  of  a  typical  fossil,  as  the  different  sEones  in 
the  Lias  are  by  their  special  species  of  ammonite.^  Two  or  more  sudi 
zones,  united  by  the  occurrence  in  them  of  a  number  of  the  same 
characteristic  species  or  genera,  may  be  called  beds  or  an  assise, 
as  in  the  **  Micraster  beds  or  assise "  of  the  Cretaceous  system,  which 
include  the  zones  of  M,  cor-testudinarium  and  M,  cor-angutnum.  Two  or 
more  sets  of  such  connected  beds  or  assises  may  be  termed  a  g  r  o  u  p  or 
stage  (Stage),  In  some  cases,  where  the  number  of  assises  in  a  stage  k 
large,  they  are  grouped  into  sub-stages  (sous-Stages)  or  sub-groups.  Each 
sub-stage  or  sub-grouj)  will  then  consist  of  several  assises,  and  the  stage 
or  group  of  several  sub-stages  or  sub-groups.  A  number  of  groups  or 
stages  constitutes  a  series,  section  (AhtJieilung),  or  formation, 

and  a  number  of  series,  sections,  or  formations  may  be  united  iuto  a 
system.*-^ 

'  Prof.  Gaudry  estimutes  the  total  number  of  zoiieB  iu  tbo  Eui-opeiin  gtK)logic»l 
i«erie8  at  114.  In  this  calculation  the  Jurassic  system  ii<  allowed  no  fewer  than  'M  ;,llic 
Carboniferous  and  Termian  tojrether,  10;  and  the' Cambrian  and  Silurian  together,' 2A 
•  Enchainemcnts  du  Monde  Animal :  Fossilea  Primaires/  1883. 

-  Compare  Hebert,  Ann.  ScL  Geol.  xi.  (1881).  The  unitioation  of  geolofniiil  uomiu- 
elatiu-e  throughout  the  world  is  one  of  the  objects  aimed  at  by  tlie  '•  Inteniatiunal 
(geological  Congress,"  which  at  its  meeting  at  Bologna  recommended  the  adojitiuu  uf  tk 
following  terms,  the  most  comprehensive  being  placed  first : — 


Divitfivna  of  sediinvntary  foi'nuxtions. 
Group. 
Svstem. 
Series. 
Stage. 


CvrrcsjHmdimj  chunol'jijical  Uron, 
Era. 
Peri«»<l. 
Kpoch. 
Age. 


As  equivalents  of  Series^  the  terms  Section  or  Ahtheilung  may  be  used  :  as  a  suUH^tsuhi 
of  Stagey  the  words  Beds  or  Assise. 

"  According  to  this  scheme/*  Mr.  Topley,  one  of  the  secretaries,  remarks,  **  we  wonld 
speak  of  the  Palaeozoic  Group  or  Era,  the  Silurian  System  or  Period,  the  Ludlow  Seriei 
or  Epoch,  and  the  Aymcstry  Stage  or  Age.  The  term  *  formation  *  raises  a  difficulty, 
because  this  word  is  used  by  English  geologists  in  a  sense  unknown  abroad.  To  briDg 
our  nomenclature  into  conformity  with  that  of  other  nations  it  will  be  necessary  to  o*.- 
the  word  only  as  descriptive  of  the  mode  of  formation,  or  of  the  material  compoeiDg  thf 
rock.  We  may  speak  of  the  *  Carboniferous  Formation  *  as  a  group  of  bvds  containing 
coal :  but  not  us  a  name  for  a  set  of  rocks  apart  from  the  mineral  contents.  In  like 
manner,  we  may  speak  of  the  *  Chalk  Formation,'  but  not  of  the  *  Cretaceous  Form*- 
tion.'  '\tr€oL  Mag.  1881,  p.  557 ;  Compte  rendu,  2"**=  Cong.  Geol,  Bologna,  1881.)  It  nay 
be  doubted  whether  the  recommendations  of  any  congress,  international  or  other,  will 
be  powerful  enough  to  alter  the  established  usuages  of  a  langiia^\  The  term  grouy 
Jjas  \HiQn  so  univerbally  employed  in  English  literature  for  a  divibi<.»n  subwdinate  Id 
value  to  sf^rici  and  system  that  the  attempt  to  alter  its  significance  would  iutnnluvt 
I'ar  more  confusion  than  can  i)osi>ibly  arise  from  it^s  retention  in  the  accustomed  tense. 
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The  uomeiiclature  adopted  for  these  Biibdivisionu  bearu  witacss  to 
the  rapid  growth  of  geology.  It  is  a  patchwork  in  which  no  uniform 
uystem  nor  language  •jias  been  adhered  to,  Lut  where  the  influences  by 
which  the  progress  of  the  science  has  been  moulded  may  be  distinctly 
traced.  Some  of  the  earliest  names  are  lithological,  and  remind  us  of 
the  fact  that  mineralogy  and  petrography  preceded  geology  in  the  order 
of  birth — Chalk,  Oolite,  (ireensand.  Millstone  (Irit.  Others  are  toi)o- 
graphical,  and  bear  witness  to  the  localities  where  formations  were  first 
observed,  or  are  typically  developed — Oxfordiaii,  Portlandian,  Kime- 
ridgiau,  Jui-assic,  Shfetic,  Permian,  Neocomian.  Others  are  taken  from 
local  English  provincial  names,  and  remind  us  of  the  special  debt  wo 
owe  to  William  Smith,  by  whom  so  many  of  them  were  first  used — Lias, 
Gault,  Crag,  Combrash.  Others  recognise  an  order  of  superposition  as 
already  established  among  formations — Old  Bed  Sandstone,  New  Eed 
Sandstone ;  while  still  another  class  is  founded  upon  numerical  consi- 
derations— ^Dyas,  Trias.  By  common  consent  it  is  admitted  that  names 
taken  from  the  region  where  a  formation  or  group  of  rocks  is  typically 
developed,  are  best  adapted  for  general  use.  Cambrian,  Silurian, 
Devonian,  Permian,  Jurassic,  are  of  this  class,  and  have  been  adopted  all 
over  the  globe. 

But,  whatever  be  the  name  chosen  to  designate  a  particular  group  of 

strata,  it  soon  comes  to  be  used  as  a  chronological  or  homotaxial  term, 

apart  altogether  from  the  lithological  character  of  the  strata  to  which  it 

ia  applied.     Thus  we  speak  of  the  Chalk  or  Cretaceous  system,  and 

embrace,  imder  that  term,  formations  which   may  contain  no  chalk; 

and  we  may  describe  as  Silurian,  a  series  of  strata  utterly  unlike  in 

litholi)gical  characters  to  the  formations  in  the  typical  Silurian  countiy. 

In  using  these  terms,  we  unconsciously  adojit  the  idea  of  relative  date. 

Hence  such  a  word  as  Chalk,  or  Cretaceous,  docs  not  so  much  suggest  to 

the  geologist  the  grou})  of  strata  so  called,  as  the  interval  of  geological 

history'  which  these  strata  represent.     He  speaks  of  the  Cretaceous, 

Jm^ssic,   and   Cambrian    periods,   and   of    the   Cretaceous   fauna,   the 

Jurassic  flora,  the  Cambrian  trilobites,  as  if  these  adjectives  denoted 

ttiaply  epochs  of  geological  time. 

The  (Geological    Becord   is   clashilied   into  live   main  divisioJis:    {\) 

^'je  Arch £C an,  also  called  Azoic  (lifeless),  or  Eozoic  (dawn  of  life); 

f-^  the  P  a  I  OB  o  z  0  if  (ancient  life )  or  Primary ;  (;{)  the  M  e  s  o  z  o  i  c 

fiiiidille   life)   or   Secondary;    (4)    the    Cainozoie    (recent    life)    or 

*i-'rtiary,  and  (5)  the  l*oKt-Tertiary  or   Quaternary.     These  divisions 

*^o    further  ranged  into  systems,  each  s\'stem  into  series,  sections,  or 

'^t* Illations,  eaeh  formation  into  groups  or  stages,  and  each  grou})  into 

biOj^lu  zones  or  hoiizons.     The  aceompanying  generalised  table  exhibits 

this  order  in  which  the  chief  subdivisions  api)ear. 
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Pabt  L  Abchaait. 

•  p 
§  1.    General    Charaoteri. 

From  underneath  the  most  ancient  fosailifeioiis  siratifled 
tions  there  rises  to  the  surfi&ce  in  many  parts  of  fhe  globe  «  aarisi  of 
thoroughly  orystalline  schists  and  massive  rooks.    These  fimduMBld 
formations  have  been  regarded  by  some  writers  as  portioiie  «f  As 
primeval  omst  of  the  globe — ^traces  of  the  surfooe  that  first  oopgBsM 
upon  the  molten  nucleus.    They  are  regarded  bf  ftben  m  pvridhfy 
metamorphosed  sediments,  which  may  belong  to  many  diffinent  panak 
of  geological  history.    Apart  from  the  disputed  questioii  of  their  m^ 
they  are  everywhere  acknowledged  to  include  the  ddest  known  nofai 
Hence,  in  so  fieir  as  geological  history  is  recorded  in  rook-£bniisiiQHk 
they  must  be  taken  as  its  starting-point.    In  attempting^  to  fix  Ikir 
relative  date,  we  first  observe  that  they  lie  unoonformaUy  bdow  sD 
succeeding  formations.    But  this  relation  obviously  goes  oiily  a  dkfft 
way  in  establishing  their  chronology.    Nor  are  litfaologioal  ohanflCin 
much  more  valuable  for  the  purpose.    It  must  be  oonoeded  that  Am 
rocks  may  have  originated  at  many  widely  separated  periods  of  ss^f 
geological  time,  but  that  as  yet  no  means   have   been  devised  of 
establishing  any  generally  applicable  tests  of  their  relative  antiqn^. 
Hence  for  want  of  any  satisfactory  means  of  disorimination,  tiMSB 
ancient  crystalline    masses   must   be,  at  least   provisionaUy,  dasnd 
under  one  common  name.     They  were  formerly,  and  are  still  by  sons 
writers,  called  IMmitive  and  Azoic ;  but  the  term  Archeean,  fint  pro- 
posed by  Dana,  has  been  generally  adopted  for  them  both  in  Americt 
and  in  Britain. 

From  the  data  adduced  in  Book  IV.  Part  VII  f.  regarding  regioDil 
metamorphism,  the  student  will  understand  how  full  of  unoertsint^ 
must  be  the  reference  of  many  areas  of  crystalline  schists  to  the  Ar- 
chaeau  scries.  Mere  lithological  characters  afford  no  perfectly  rdiabk 
test  of  relative  antiquit3\  To  prove  that  any  region  of  ciystsllim 
Hchists  is  really  ArchsBan  we  must  find  these  rocks  somewhere  overlsiii 
by  some  of  the  oldest  fossiliferous  formations.  Where  no  evideuM 
of  this  kind  is  available,  the  use  of  the  term  Archadau  can  at  most  be 
regarded  as  only  a  probable  conjecture.  There  seems  good  resson  to 
believe  that  the  asserted  Archaean  age  of  many  tracts  of  schistose  and 
granitoid  rocks  rests  on  no  better  basis  than  mere  supposition,  and 
that  as  the  study  of  regional  metamorphism  is  extended,  the  so^aUed 
Archeean  areas  will  be  proportionately  contracted.* 

^  Dr.  Barrois  thus  expresses  himself  after  his  recent  surveys  in  Brittany :  **  A  grei^ 
number  of  the  rocks  considered  to  be  Arcbiean  in  Brittany  are  only  metamorpboKd 
Cambrian  or  Silurian  rocks,  liaving  merely  the  facles  of  primitive  rocks.  We  do  soft 
think  that  Brittany  can  be  the  omy  region  wlioro  this  is  the  case ;  on  the  contniyi 
it  seems  to  us  probable  that  the  palaeozoic  formations  are  destined  to  spread  moie  m 
more  over  geologioal  maps,  at  the  expense  of  the  *  primitive  formations,'  by  asmsiag 
gneissic  and  schistoee  modifications.*'— iinn.  Svc.  Cnol,  Nord.  xi.  (1S84},  n.  189  {nk, 
p.  555). 
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ArchsBan  rocks  evorywliere  present  the  same  geueral  characters. 
For  the  most  part  they  consist  of  gneiss  in  many  varieties,  passing 
into  various  micaceous,  talcose,  or  argillaceous  schists,  among  which 
occur  subordinate  bands  of  homblendic,  pyroxonic,  and  gametiferous 
rocks,  limestone,^  dolomite,  serpentine,  quartzite,  graphite,  ha3matite, 
magnetite,  &c. 

Like  the  crystalline  schists  which  have  been  produced  by  the 
metamorphism  of  ordinary  sedimentary  formations,  these  rocks  are  dis- 
tinctly bedded.  Their  alternations  of  schists,  quartzites,  and  marbles, 
dosely  resemble  those  of  the  shales,  sandstones,  and  limestones  of 
younger  geological  i)eriods.  Certain  conglomerates  associated  with 
them  furnish  unquestionable  evidence  of  an  original  clastic  structure 
in  some  of  the  strata.  The  grains,  streaks,  layers,  and  thicker 
zones  of  graphite  in  the  gneiss  remind  the  observer  of  the  way  in 
which  coaly  matter  is  diffused  through  the  sandstones  and  shales  of 
the  Coal-measures.  Hence  it  is  difficult  to  avoid  the  inference, 
that  some  at  least  of  these  ancient  crystalline  rocks  represent  former 
marine  sediments.^  At  the  same  time,  it  must  be  admitted  that  a 
deceptive  resemblance  to  true  bedding  may  be  brought  about  as  tlie 
result  of  shearing  (p.  506),  and  that  the  apparent  order  of  sequence 
among  Archaean  rocks  may  often  have  no  real  chronological  value  as 
evidence  of  successive  deposition.  This  is  one  of  the  problems  which 
cannot  be  solved  without  prolonged  and  minute  study  of  the  rocks  in 
the  field. 

While  Archaean  rocks  possess  a  general  stratified  structure,  the 
individual  beds  often  present  great  irregularities  of  thickness,  being 
upecially  prone  to  a  lenticular  development.  Occasionally  the  beds  dip 
continuously  for  some  distance  at  low  angles,  or  are  nearly  horizontal ; 
but  more  usually  they  are  greatly  plicated,  and  sometimes  exhibit  the 
most  extraordinarily  complex  puckerings.  The  gneiss  shades  off  into  a 
non-foliated  rock  which  occurs  with  it  in  alternating  bands,  but  is  in 
structure  a  true  granite.  Occasionally  bands  of  sucli  granite  wander 
across  the  foliation  of  the  gneiss.  But  they  evidently  belong  to  the 
period  and  processes  of  the  gneiss  formation,  and  cannot  bo  classed 
as  later  intrusive  eruptions.  Everywhere  the  various  bands  of  gneiss, 
and  intei-stratified  layers  of  schist  or  other  crystalline  rock,  are 
intimately  united  to  each  other  by  a  minute  felting  together  of  their 
component  crystals.  ^ 

Though  no  general  order  of  succession  has  been  observed  among 
Archaean   rocks,  there  is  usually  a  difference  between  the  texture  of 

^  lu  tho  Al])s  and  Apenniues  tlio  crystullinc  limestonos  sometimes  prcseut  a 
fechibtosc  structuro,  from  tho  presence  of  folia  of  mica,  talc,  chlorite,  &c.,  and  are  intor- 
stratifled  witli  layers  of  schist.    In  this  condition  they  arc  known  as  dpoline. 

•  On  the  origin  of  Archaean  rooks,  see  J.  E.  Marr,  (reol.  Mag.  1883,  p.  203. 

•  See  a  paper  on  the  study  of  the  Archrean  rocks  by  E.  Kalkowskv,  NeutB  Jahrh.  1880 
(i.)p.  1.  In  this  paper  the  author  proposed  the  terms  auihtgene^  produced  in  siln,  for  the 
crystalline;  and  allothigcne,  produced  from  elsewhere,  for  the  elastic  ingredients  of 

TnrkfL 


(.'omposed  of  folsitoi,  i|uartzitee,  breccitut,  and  tufik  with  beds  uf  d 
diabaite  CHnronian).'  The  owurrence  of  occaHional  h&nda  of  o 
glomerate  among  the  Archtean  rocks  in  diffeient  conntries,  i 
in  Canada,  jwints  to  elevation  of  land,  and  littoral  erosion  di 
formation  of  theso  rockti. 

lu  one  of  the  Archiean  (Laureutian)  limestones  of  Canada,  i 
have  been  found  of  a  remarkable  mixture  of  calcite  and  m 
Thrae  minerals  ai-e  arranged  in  alternate  layers,  the  calciU 
the  main  framework  of  the  substance,  with  the  serpentine  (i 
loganitc,  pyroxene,  &c.)  disposed  iu  thin,  wavy,  inconstant  '. 
if  filling  np  flattened  cavities  in  the  calcareous  mass.  So 
from  any  ordinary  minora!  segregation  with  which  ho  was  ai 
did  this  arrangement  appear  to  Logan,  that  he  was  led  to  n 
substance  as  probably  of  organic  origin.'  This  opinion  was 
and  thb  structure  of  the  supposed  fossil  was  worked  out  in 
Sir  J.  W.  Dawson  of  Montreal,^  who  pronounced  the  oi^niam 
remains  of  a  maHsive  foraminifer  which  he  called  Eowon,  and 
believed  must  have  grown  iu  lai^  thick  sheets  over  the  so 
This  view  was  like«-i»o  adopted  liy  Pr.  \V.  B.  Carpenter,*  v 
additional  and  better  specimens,  described  a  system  of  intern 
having  the  characters  of  those  in  true  fonimiuiferal  structures. 
Ber\er8,  however,  notably  Professors  King  and  Rowiiey  of  Gali 
maintained  that  the  "  canal  system  "  is  not  of  organic  but  o 
origin,  having  arisen  in  many  cases  "from  the  wasting 
carbonated  solutions  on  clotulcs  of  'flocculito'  or,  it  may  be, 
— a  disintegrated  variety  of  xcrpeutiiie,  and  iu  others  trom 
action  on  crystalloids  of  malacolitc.  In  both  cases,"  aooordinj 
fCHMir  Kincr.    "there  are  nmdiiocd  i^esidnal   'fitrurea   of  com 


Past  LSI.]  ARCHJEAN  ROCKS,  635 


arborescent  configuratioub,  having  often  a  regular  disi^OHition."  The 
regularity  of  these  forms  is  attributed  by  Mesbrs.  King  and  Kowney 
to  their  having  been  determined  by  a  mineral  cleavage.^  Professor 
Mobius  of  Kiel^  has  also  oi)po8ed  the  organic  nature  of  Eozoon, 
maintaining  that  the  supposed  canals  and  passages  are  merely 
infiltration  veinings  of  serpentine  in  the  calcite.  In  some  cases, 
however,  the  "canal  system"  is  not  filled  with  serpentine  but  with 
dolomite,  which  seems  to  prove  that  the  cavities  must  have  existed 
before  either  dolomite  or  serpentine  was  introduced  into  the  substance. 
It  must  be  admitted  that  no  structure  precisely  similar  to  that  of  Eozoon 
has  yet  been  discovered  in  the  mineral  kingdom.^  But  it  must  also 
1)6  conceded  that  the  chances  against  the  occurrence  of  any  organism 
in  rocks  of  such  antiquity,  and  which  have  been  so  disturbed  and 
mineralized,  are  so  great  that  nothing  but  the  clearest  evidence  of  a 
structure  which  cannot  be  other  than  organic  should  be  admitted  in 
proof.  If  any  mineral  structure  could  be  appealed  to,  as  so  approxi- 
mately similar  as  to  make  it  possible  that  the  Eozoon  might  be  due  to 
some  form  of  mineral  growth,  the  question  would  be  most  logically 
settled  in  a  sense  adverse  to  the  organic  nature  of  the  substance.* 

The  opinion  of  the  organic  nature  of  Eozoon  has  been  supposed  to 
receive  support  from  the  large  quantity  of  graphite  found  throughout 
the  Archasan  rocks  of  Canada  and  the  northern  parts  of  the  United 
States.  This  mineral  occurs  partly  in  veins,  but  chiefly  disseminated  in 
scales  and  laminse  in  the  limestones  and  as  independent  layers.  Dr. 
Dawson  estimates  the  aggregate  amount  of  it  in  one  band  of  limestone 
in  the  Ottawa  district  as  not  less  than  from  20  to  30  feet,  and  he  thinks 
it  is  hardly  an  exaggeration  to  say  that  there  is  as  much  carbon  in  the 
Laurentian  as  in  equivalent  areas  of  the  Carboniferous  system.  He 
compares  some  of  the  pure  bands  of  graphite  to  beds  of  coal,  and 
maintains  that  no  other  source  for  their  origin  can  be  imagined  than  the 
decomposition  of  carbon-dioxide  by  living  plants.^ 

'  Prof.  W.  King,  Geoh  May.  1883,  p.  47.  8ee  the  views  of  these  writers,  summarised 
iu  their  work, '  An  old  Chapter  in  the  Geological  Rcoord  with  a  new  Interpretation,' 
London,  1881,  where  a  full  bibliography  will  be  found. 

•  *  Palseontographica,'  xxv.  p.  175 ;  Nature^  xx.  p.  272.  See  replies  by  Carpenter  and 
Dawson,  NcUure,  xx.  p.  828.  Amer*  Journ.  Sci.  (3)  xvii.  p.  196 ;  also  Amer.  Joum.  Sci. 
(8)  xviii.  p.  177. 

*  The  nearest  resemblance  to  the  '*  canal-system  ^  oi  Eozoon  which  I  have  seen  in  any 
undoubtedly  mere  mineral  aggregate  is  iu  the  structure  kuown  as  micropegmatite,  where, 
in  the  intergrowth  of  quartz  and  orthoclase,  arborescent  divergent  tube-like  ramificatious  of 
the  one  mineral  are  enclosed  within  the  other.  Mr.  Rudler,  who  called  my  attention  to 
the  resemblance,  showed  me  a  remarkable  micropegmatite  brought  from  the  Desert  of 
Binai  by  Professor  Hull,  in  which  the  Eozoonal  arrangement  is  at  once  suggested. 

♦  TV  hitney  and  Wadaworth  in  their  •  Azoic  System '  {Bull,  Mus.  Comp.  Zool.  Harvard, 
1884,  pp.  528-548)  give  a  summary  of  the  controversy,  and  decide  against  the  organic 
origin  of  Eozoon,  From  the  zoological  side  also  Rccmcr  and  Zittel  decline  to  receive 
£o»x>n  as  an  organism.  In  the  Archaean  rocks  of  Bohemia  and  Bavaria  specimens  were 
some  years  ago  obtained  showing  a  structure  like  that  of  the  Canadian  Eozoon.  They 
were  aooordingly  described  as  of  organic  origin,  under  the  respective  names  of  Eozoon 
hohemieum  and  E.  havaricum.  But  their  true  mineral  nature  appears  to  be  now 
generally  admitted. 

*  But  compare  the  lulvoeucy  of  un  opposite  opmiou  by  Wliitney  and  Wadsworth, 
*  Azoic  System,*  p.  539. 
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Further  evidence  in  favour  of  organised  existence  during  Archieau 
time  in  tlie  North  American  area  has  l>een  adduced  from  the 
remarkably  thick  and  abundant  masses  of  iron-ore  associated  witli 
the  Laurontijiu  rocks  of  Canada  and  the  United  States.  Dr.  Stern* 
Hunt  has  called  attention  to  these  ores  as  proving  the  precipitation 
of  iron  by  decomposing  vegetation  during  the  Laurentian  i)eriod  on  a 
more  gigantic  scale  than  at  any  subsequent  geological  epoch.^  From  the 
abundance  of  iron  in  the  eaiih's  ci-ust,  however,  notably  in  emptive 
rwks  and  in  metiillic  veins  and  stocks,  where  unquestionably  organic 
taction  has  had  nothing  to  do  with  it^s  presence,  tliis  argumout  does 
not  seem  to  Ih)  wcll-iounded.  Some  of  the  beds  of  magnetic  iron  in 
tlie  Arclia^an  isystem  range  up  to  200  feet  in  thickness.  Large  masscb 
also  of  haematite  and  titaniferous  iron,  as  well  as  of  iron  sulphides, 
occur  in  the  Canadian  Archrcan  series,  and  some  of  the  iron  has  by 
some  observers  been  regarded  as  of  eruptive  origin. 

Besides  the  granitic  and  other  veins  and  bands  which  are  so 
intimately  associated  especially  with  the  older  and  more  crystalline 
j)ortions  of  tlio  Archaean  rocks,  there  have  been  noticed,  in  the  younger 
portions,  m(^ro  or  less  satisfactoiy  traces  of  contemporaneous  volcanic 
action.  In  the  iron  regions  of  Lake  Superior,  beds  of  crystalline 
diabase  are  intercalated  with  the  Huronian  quartzites.  In  yarious 
localities  in  Wales  and  England,  what  liave  been  described  as  rhyolitic 
lavas  and  coarse  agglomerates  occur  in  supposed  insular  areas  of 
Archaean  rocks. 

Among  masses  so  thoroughly  crystalline  in  structui'Cy  orystallino  * 

minerals,  as  may  be  exj^ected,  are  specially  abundant.     Among  these  < 

may  be  mentioned  hornblende,  actinolite,  tremolite,  pyroxene,  vesuvia- 
nite,  sei-pentine,  kyanite,  graphite,  garnet,  epidote,  apatite,  tourmaline,  « 

wollastonite,  zircon,  fluor-spar,  j^yrite,  chalcopyrite,  magnetite,  titani-  — 

ferous  iron,  and  hiematite.     Some  of  these  minerals  (iron-ores,  honi-  — . 

blende,  apatite)  occasionally  form  massive  lenticular  bands,  as  well  as  ^ 

run    in  a   ditfused    form  through  the  limestone  or  gneiss.     Certain  xi 

regions  (Sweden,  Erzgebirgo,  &c.)  aboiuid  in  veins  of  motallio  ores —  — 

gold,  silver,  copper,  lead,  &c. 

The  largest  areas  of  Archtean  rocks  now  ex2)osed  at  the  surface  are  ^^ 

in  the  northern  parts  of  Europe  and  North  America.    Elsewhere  they  ^^ 

rise  as  isolated  insular  spaces  surrounded  with  younger  formations. 

§2.    Local  Development. 

Britain. — In  uo  part  of  the  European  area  are  these  ancient  rockn  better  iiecii  cu 

tliau  in  the  uortli-west  of  Scotland.    Their  position  there,  preyiously  indicated  bjr  ^%F^ 

Macculloch'' and  Iluy  Cunningham,' was  first  detinitely  established  by  Murohison,*  *"•' 

'  *  Geology  of  Canada,'  18C3.  p.  573. 

*  'A  Description  of  tho  AVeetcrn  Islantls  of  Scotland,*  1819. 

»  *  Geognostical  Account  of  the  County  of  Sutherland,'  Highland  Sot,  Tram,  viii.  - 

(1841)  p.  78. 

*  Brit  A^^oc.  Rep.  188o,  Strts.  p.  85;  1857,  Sects,  p.  82 ;  1858,  Sects,  p.  94.    Q.  /. 
OeaH,  Sue,  xiv.  (1858)  p.   501;  xv.  (1859)  p.  353;  xvL  (1860)  p.  215;  xvii.  (1861; 

1>«  171.  i 
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who  showed  that  they  poweu  a.  dominnnt  strike  to  N.N.W.,  aod  arc  uDcoDrannKblj 
orerlsid  by  llie  othor  nwka  of  the  Scottifh  Iljglitandg.  (Soo  Fig.  itOO.)  They 
form  nearly  ttie  whole  of  the  Outer  Hcbriili'ii,  and  occur  in  a  broken  licit  along  tho 
westeni  partj  or  the  counties  of  Siltlierland  anil  Wots.  Miirchiiion  proi>i>ged  tn  tomi 
them  the  Faadamenlal  or  Lewiaian  Gneiss,  from  the  Islu  of  Iicwia,  the  chief  of  the 
Hetaidei.  Afterwarda  he  called  them  Laureniian.  re^rding  them  as  the  equivalent  of 
•ome  part  of  the  great  Laurentiau  sygtcm  of  Canada.  They  coneiat  of  a  tough  maasiTo 
gnein,  usually  bomblendir,  with  bunds  of  hornbicndc-rock,  liomblende-schiBt,  Bctino- 
lite-Bcbist,  eclogite,  mica-schist,  sericite -schist,  and  other  crystalline  rocks.  In  two  or 
three  places  they  enclnso  \mada  of  liiQO^l^ue,  but  neither  in  these  nor  in  any  other 
parts  of  their  mass  has  the  least  trace  of  any  organic  atmctute  been  detected.  In 
traToaiug  Ihu  western  seaboard,  from  Cnpo  Wrath  to  Loch  Torridon,  I  have  ascer- 
tained that  these  nuoient  rocks  ore  disponed  in  soveral  broad  anticlinal  and  synoliual 
folds,  the  angles  of  dip  often  not  exceeding;  from  30'  to  10'^.  aitd  the  strata  succeeding 
eech  other  with  unexpected  regularity,  though  hero  and  there  showing  greet  local 
crumpling.  The  lower  portions  of  the  wries  are  on  the  whole  more  njassiro  than  the 
upper,  and  more  traveised  by  pegmatite  veins.  Between  T^iocli  Lazford  and  Capo 
Wrath,  this  lower  divisioD  has  a  distinctly  (liakish  tint  from  the  colour  of  its  abundant 
(vthoclasc,  and  the  number  and  size  of  ils  pegmatite  veins.    Some  of  the  lowest  bands 
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of  the  formation  may  bo  observed  along  ou  antiolina!  fold  north  of  Loch  Inver,  where 
one  of  the  most  conspicuous  rocks  is  an  nnctnona  sericilio  schist.  The  upper  division 
cannot  be  sharply  defined,  but  is  on  the  whole  marked  by  the  relatlTO  tliinncsa  of  its 
bnds,  ¥rith  a  much  larger  development  of  schists,  and  a  great  diminntiou  in  tho 
quantity  of  pegmatite — charaotera  particularly  well  seen  at  Gairloch.  No  satisfactory 
estimate  has  yet  been  made  of  the  probable  thickness  of  these  rocks.  On  the  lowest 
calculation  the  portion  of  them  visible,  nssuming  Ihnt  tho  apparent  is  real  bedding,  most 
amount  to  at  loist  20,000  feet. 

SeTeral  features  in  the  structure  of  tliis  gneiss  deserve  attention.  The  pegmatite 
has  been  described  as  an  intrusive  granite  traversing  the  gneiss  in  vuitiK.  In  many 
CMee,  it  is  true,  this  rock  looks  as  if  it  had  been  forcibly  injected,  for  the  foliation  of  tho 
gneiss  is  abruptly  bent  up  on  either  side  of  the  pegmatite.  But  besides  tiie  difficulty 
of  oonwiTing  that  the  ooorsely  crystalline  materials  of  these  veins  ever  oould  have  been 
in  such  a  state  of  ,igneoua  fusion  or  aqao-igneous  pliisticity  as  to  be  cajiiible  of  being 
injected  into  rents  of  the  surrounding  rock,  there  ore  some  characteristics  which  seem 
to  make  it  nearly  certain  that  the  pegmatite  belongs  to  the  same  series  of  crystalline 
pnweMe*  by  which  the  gneiss  itself  was  produced.  Tho  same  mass  of  pegmatite  may 
be  obaerved  in  one  place  regularly  intorbedded  with  the  gneiss  (Fig.  315),  and  at 
another  place  traversing  it  in  different  directions  (Fig,  31G),     But  in  both  conditions 
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there  ta  tlic  most  intimate  crfHtolUne  union  nf  tbe  pegmatite  with  the  gneu^  the 
erjBtals  of  each  rock  davetniling  into  each  other.  Here  and  there,  too,  the  cramptod 
folia  of  gncLda  pnna  into  pegmatite,  in  which  a  milo  cmmpted  foh'ation  maj  be  detected. 
At  Capo  Wmth,  alternate  thin  lajeri  of  gneisa  nud  pegmatite  oocur  with  u  peiftet 
regularity  aarl  na  inxenaible  gradationa  of  atnictnre  aa  among  thn  ordinary  folia  in  uf 
part  of  the  gneiaa  (Fig.  Rio),  Bat  one  of  the  moat  aingnlar  facts  nmain*  to  he  notEoed. 
In  a  number  of  examples  from  Cape  Wmth  to  Loch  Iiaiford  I  hare  obierved  thmt  in 
prgmntite  veins  irhieh  cut  ncront  the  gneiss,  a  mile  foliation  has  been  derekpcd, 
jmrallcl  in  a  general  sense  to  that  nf  the  gneJH  on  either  ride  (Fig.  817>  Bnch  cmm 
Huggeiit  that  tho  pegmatite  veins  n-ere  prodnoed  before  the  prooesa  of  foliation  in  the 
Bummnding  roek  wna  eomplele'I,  «o  Hint  llie  inntrrinlB  "f  the  Tfina  were  to  Ksoe  extent 
iiftVrted  hy  its  Inter  ~\n^^ 


Another  eonapicuoiis  feature,  especinllj  of  tho  lower  maBsive  gneisa,  is  the  ooenr- 
rence  of  geodcs  and  lentioular  bands  or  layers  of  blaek  hornblende  or  of  a  mlxtme  vt 
hornblende  with  a  little  felspar  or  quartz,  less  commonly  black  mica.  Theee  included 
iiiBsaea  may  represent  emptive  rocka  (dioriles,  diabupeg)  intruded  into  the  gneiii  befine  it 
acquin-d  ila  present  structure  and  texture.  Kernels,  a  foot  or  more  in  diameter,  may  he 
obwrred  on  Loch  Torridon,  consiating  of  roassiTe  clcftTablc  hornblende.  At  this  lonlity 
also  some  good  examples  occur  of  a  stniotura  in  the  gnoiea  where  certain  lamiiis  diiplar 
n  rcraarkoble  puckering  between  parallel,  not  contorted  beds  (Fig.  918).'  Eveiywhen 
(he  closest  union  may  be  traced  between  the  gneiss  and  the  parallel  bands  of  pegmatil«^ 
granite,  syenite,  and  other  massive  rocks  ioterstratifled  with  it,  as  if  these  wet«  not  of 
subsequent  origin,  but  were  contemporaneously- formed  parts  of  the  gneiss. 

Professor  Hull  and  Measrs.  Syraea  and  Wilkinson,  of  the  Geological  Burrey  of 
Ireland,  believe  that  in  Donegal  there  exists  a  massive  graoitio  gneiss  wbieh  tfaey 
identify  with  the  funilnmental  gneisa  of  the  north-west  of  Ficotland,  and  which  they 

'  Compare  this  etmetnrc  with  thut  of  some  ssodsloDCS  (Fig.  189> 
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find  to  be  oorered  HDcanformftbl?  by  tbe  quarUitei,  limefitonM,  nnd  other  crystalline 
rocki,  that  wars  ahown  by  Haiknetw  to  bo  coatinualiaiia  of  the  BimUnr  eeriea  in  tbe 
ScottUh  Highlands.  The  chnracteriRtic  red  Cambrion  Bnnilstono  of  the  latter  region, 
howerar,  fau  not  been  dcteoled  in  Ireland.' 

In  Englaad  and  W»les  eertain  isalnted  tmcta  of  crvRtulline  roclu  have  been 
retinTed  by  Dr.  Hlcfa,'  Frofeafor  Bonney,'  and  others  to  a  pre-Cambrlan  age.  At 
St.  DaTid's  eertaio  cryitalline  masiieri  occur  in  which,  accordini;  to  Dr.  Hicki,  there  ia  a 
lower  group  (Dinetian)  eonalating  of  qnertzoee  and  granitoid  rocks,  inclnding  coarse 
gneias,  handu  of  frapun^  Itmeatnno  nr  dolomite,  Rchi^tii,  nnd  doleritpa ;  n  middle  group 


lXi>Vj«*vW^*»BA-a;«*)J.AJ,>J^Jl,(i,J^ 


or  ■  PtBmalit*  Vein  In  Gavlw.  Loch  IjKfuni. 


(AiTonlBn)  oompoMd  eaaentially  of  contemporaneoQH  volcanic  rocki,  rhyolitio  felsitef, 
Tolanie  breociaa  and  biUIeBintiu  or  felaitie  tuffg ;  and  an  upper  group  (Fobidian)  made 
np  of  tnflh,  alatea,  tx.    An  thew  fiiibiliriRlonB  hnvc  been  by  some  writera  adopfi-d  aa 


Tlf.  Sltv— riiFkPTtd  Lamina' 


typea  tot  Ibe  cla««iftoatioii  of  the  Archoean  rocks  of  Britain,  I  have  devoted  aome  timo 
to  an  inrettigation  of  the  St.  Dnvid's  tract  since  the  publication  of  the  first  edition  of 
thit  work.  In  ray  belief,  there  are  no  Archaan  rocks  whatever  at  tlint  locality.  The 
H)-call»l  "  Dimetian  "  I  regard  aa  a  grauite  which  has  invtidcd  the  Cambrian  rocka ;  the 
"  Arronian  "  inclmlea  the  quartz-porphyries  which  appear  as  npophynes  of  the  granite ;     . 


>  OioL  Mag.  1S81, 
nSB2>    Hall,  Tntni. 

•  (J.  J.  Choi.  Soe.  J. 

•  Q.  J.  OeU.  Soc. 
p.  137;  «xv.  p.  682; 


\  50a.    Kinahan,  op.  elf.  p.  427.     Proc.  Roy.   Dublin  Soe.  iii. 
lay.  DiAlin  Soc.  i.  (2nd  ser.}  1882,  p.  243. 
:iiii.  p.  229 ;  xiiiv.  pp.  285, 29.S.    Gtol.  Mag.  1879,  p.  433. 
Liiiv.  p.  1*4 ;  XXXV.  pp.  30S,  309,  321.    Hughes,  op.  ci(.  xxiiv. 
Exxvi.  p.  237.    Callaway,  op.  cit.  XJtxvii.  p.  210. 
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tlie  **  Pebidian  "  is  an  interesting  group  of  tuffs  and  diabases  which  underlies  and  fonns  an 
integral  part  of  the  Cambrian  system,  and  is  referred  to  at  pp.  645, 651.  These  names,  being 
founded  on  erroneous  observation,  must  therefore  be  abandoned.'  In  North  Wales  and 
Anglesoa,  otlior  areas  of  crystalline  rock  have  been  claimed  as  Archsean,  Professor  Bonney 
has  described  some  of  the  masses  as  true  lavas,  having  so  perfect  a  rhyolitio  stmotnre 
that  they  might  almost  be  classed  with  recent  rhyolites,  and  as  being  of  contempora- 
neous origin  with  the  rocks  among  which  they  lie,  for  fragments  derived  from  them  are 
abundant  in  the  strata  overlying  Ihem  up  to  the  ba«e  of  the  Cambrian  series.  On  the 
other  hand,  Sir  A.  C.  Ramsay  believes  that  the  so-called  '*  pre-Cambrian  "  areas  are 
only  highly  metamorphosed  portions  of  the  Cambrian  rocks  with  associated  igneoos 
intrusions.^  In  tlie  Malvern  Hills,  the  core  of  crystalline  homblendic  rocks  appears 
to  be  of  pro-Cambrian  date,  for  fragments  of  it  are  found  at  the  base  of  the  overlying 
unconformable  Cambrian  beds.^  In  the  Wrekin,  Air.  Allport  ^  has  found  a  nudeos 
of  rhyolitic  lava  with  rhyolitic  agglomerate  underlying  quartzite,  wliieh,  according 
to  Dr.  Callaway,  is  older  than  the  liingula  Flags.*  Ancient  as  these  volcanic  masses 
are,  they  present  remarkably  perfect  spherulitic  and  perlitic  structures.  Lastly,  firom 
the  plains  of  Leicestershire  rises  an  insular  area  of  rocky  hills  (Chamwood  Forest) 
composed  of  various  crystalline  rocks,  which  by  the  Geological  Survey  have  been 
classed  as  altered  Cambrian,  by  Messrs.  Bonney  and  Hill  as  probably  of  pre-Cambvian 
date.^  They  coiiiiiist  of  three  great  groups,  among  which  volcanic  agglomerates  and 
tuffs  form  a  large  part.  If  these  rocks  are  to  be  identified  with  the  similar  volcanie 
series  of  St.  David's  they  must  be  classed  in  the  Lower  Cambrian  series. 

Soajidinavia. — In  Scandinavia,'  Archaean  rocks  (Grundfjeldet,  Urberget,  Urgebirge) 
occupy  extensive  areas.  They  consist  chiefly  of  gneiss,  but  include  also  qoartnte, 
quartz-conglomerate,  (xuartz-sohist,  hornblende-schist,  mica- schist,  limestone,  dolomite, 
with  granite,  pegmatite,  amphibolite,  gamot-rock,  syenite,  gabbro,  labradorite-rock, 
olivine-rock,  serpentine,  &c.  According  to  Tomebohm,  the  following  suocession  is 
traceable  among  the  Archiean  rocks  of  central  Sweden  •  :— 


Upper. « 


Granite   ....... 

Granite-gueiss  and  gneiss    ....      ^Grey  and  red. 

Banded  and  streaked  gneiss 

Clay-slates        ......     1  With  diorite  and 

Porphyroid       .  .  .  .  .     j     porphyry. 

Grannlite. 

Mica-schist. 

landed  and  streaked  gueiss-granulite. 

Red  and  grey  granite. 

Red  and  grey  granite-gneia.  and  gDeisa  .     i^^       g.bbr<Mliorite 

Banded  gneiss,  cordiente-gneisa,  commonly  grey   I""""'"'  8»""r«"u«r"e 
(E.  Sweden).         ...         .         .     )     "><>  hmnte. 

Banded  gneiss,  epidote-gneiss,  commonly  grey  (W,  Sweden). 


*  Q.  J.  Geol  Soc.  xxxix.  (1883)  p.  261.    Dr.  Hicks  has  since  defended  his  nomen-     — 
clature,  but  in  my  opinion  without  success :    Q.  J.  Geol  Soc.  xl.  (1884). 

*  Mem.  Geol.  Survey,  vol.  iii.,  *  Geology  of  North  Wales.* 

'  J.  Phillips,  *  Geology  of  the  Malvern  Hills,'  Mem.  Oeol  Survey,  vol.  ii.  part  i.   -  i 
IIoll.  Q.  J.  Geol  Soc.  xxi.  p.  72. 

*  Op.  cit.  xxxiii.  p.  449. 

*  O^.  cit  xxxiv.  p.  754  ;  xxxv.  p.  643 ;  xxxvi.  p.  536. 

«  Hill  and  Bonney,  Q.  J.  Geol  Soc.  xxxiiL  p.  754 ;  xxxiv.  p.  199 ;  xxxvi.  p.  387. 

*  Keilhan,  *  Gaea  Norvegica,'  iii.  (1850).    Kjerulf,  *  Udsigt  over  det  Sydlmo  Norgen^"*- 
Geologi,*  Christiania,  1879  (translated  into  German  by  Gurlt,  and  published  by  Cobenx. 
Bonn,  1880).    A.  E.  Tomebohm,  "Die  Schwedischen  Hochgebirge,*'  Sdkwed,  Akad^ 
Stockholm,  1873.    "  Das  Urterritorium  Schwedens,"  Neues  Jahrb.  1874,  p.  131.    KsrT 
Pettersen,  "Geologiske  Undersugelser  indeu  Tromso  Amt,"  &c.,  Nonke  Videmkab 
Slcrift,  yi.H;  vii.  201. 

*  Geol  FOrem.  FOrh.  StochMm,  vi.  (1883)  p.  582. 
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In  Northern  Norway,  Pefctersen  has  subdivided  the  Archwim  scries  us  under :  * — 

(f.  Grej  mica-gneiss  of  West  Finmark. 

c.  Garnet-gneiss  (Seiland)  of  West  Finmark. 

b.  Gneiss  and  gneiss-granite. 

a,  TromsO  quartzless  hornblende-gneiss,  passing  into  syenite. 

At  Bokcdal  (Southern  Norway)  a  mass,  3900  feet  thick,  of  quartzitc,  quartz-schist 
uud  intorbedded  seams  of  homblcndc-schist,  lies  upon  a  g^up  of  hornblende-schists 
tj^od  grey  gneiss  traversed  by  abundant  granite  veins.  Thin  bands  of  limcstono 
oooaaionally  occur  in  the  gneiss,  as  near  Christiansand,  where  they  have  yielded  many 
mineiala,  especially  ycsuyianitc,  coccolite,  scapolite,  phlogopite,  chondrodite,  and  black 
•pineL  Apatite  with  magnetite,  titaniferous  iron,  haematite,  and  other  ores  foims  a 
marked  feature  of  the  Norwegian  Archssan  scries.  The  most  important  mineral  masses 
in  mn.  industrial  sense  are  thick  beds  and  lenticular  masses  of  iron-ore  (Daunemoru, 
Pilipatad,  &o.). 

Central  Xhirope. — From  Scandinavia,  rocks   presumed  to  be  Archsean  range 

thioiigh  Finland  into  the  north-west  of  Russia,  reappearing  in  the  north-east  of  that 

irast  empire  in  Petchora  Land  down  to  the  White  8oa,  and  rising  in  the  nucleus  of  the 

chain  of  the  Ural  Mountains,  and-  still  farther  south  in  Podolia.    In  Central  Europe, 

^hey  appear  as  islands  in  the  midst  of  more  recent  formations.    Among  the  Carpathian 

Slonntains,  they  protrude  at  a  number  of  points.    Westwards  of  the  central  portion  of 

t,he  Alpine  chain,  they  rise  in  a  more  continuous  belt,  and  show  numerous  minendogical 

'Varieties,  including  protogine,  mica-scln'st,  and  many  other  scliists,  as  well  as  limestone 

and  serpentine.*    They  form  several  detachcil  areas  in  France,  particularly  in  Brittany, 

^he  Cotentin,  the  central  plateau,  Morvan,  Cevennes,  Pyrenees,  and  Yosges.    But  their 

moat  compact  area,  and  most  intelligible  sections  are  to  be  found  in  the  region  that 

extends  southward  from  Dresden  through  Bavaria  and  Bohemia  between  the 

valley  of  the  Danube  and  the  headwaters  of  the  Elbe.    They  are  there  divided  into  two 

'Well-marked  groups — (a)  red  gneiss,  containing  pink  orthoclase  and  a  little  white 

fmtaah-mica,  covered  by  (6)  grey  gneiss,  containing  white  or  grey  felspar,  and  abundant 

«lark   magnesia-mica.    According  to  Giimbel  the  former  (called  by  him  the  Bojan 

^;neis8)  may  be  traced  as  a  distinct  formation  associated  with  granite,  but  with  very  few 

other  kinds  of  crystalline  or  s(;histose  rocks,  while  the  latter  (termed  the  Hercynian 

gneiss)  consists  of  gneiss  with  abundant  inter^tratifications  of  many  other  schistose 

atxrks,  graphitic  limestone,  and  seri)entine.    The  Hercynian  gneiss  in  overlaid  by  mica- 

«M:hist,  above  which  comes  a  vast  moss  of  argillaceous  schists  and  shales.    In  Bohemia, 

these  overlying  crystalline  clay-slates  and  schists  (**  £tage  A  "  of  Barrande)  graduate 

upward  into  undoubted  clastic  rocks  known  as  the  Pribram  shales,  unconformably  over 

nrhich  come  conglomerates  and  sandstones  lying  at  the  base  of  the  fossiliferous  series.' 

The  same  graduation  occurs  around  the  granulite  tract  of  Saxony,  where  the  outer 

•tehists  are  probably  merely  metamorphosed  Pala>ozoic  sedimentary  rocks.*  In  the  central 

Pyrenees  pre-Cambrian  granites,  with  associated  well-stratilied  masses  of  gneiss, 


*  Tromsd  ^f^ueums  AartihefUr,  vi.  (1883)  p.  96. 

'  For  recent  researches  into  the  crystalline  schists  of  the  Western  Alps,  see  papers 
cited  anUf  pp.  571-573 ;  also  Sterry  Hunt,  Tram.  Roy.  Soc,  Canada,  i.  p.  182.  As  already 
stated,  it  is  at  present  extremely  uncertain  how  far  the  Alpine  schists  which  have 
been  claimed  as  Archtcan  really  are  so. 

*  The  following  references  to  descriptions  of  the  Archiean  rocks  of  Central  Europe 
may  be  u^ful.  Saxony,  &o. :  Credner,  Zeitsch.  Veutsch.  Geol.  Ges.  1877,  p.  757. 
Explanations  accompanying  the  sheets  of  the  Geological  Survey  Map  of  Saxony, 
particularly  sections  Geringswalde,  Geyer,  Glauchau,  Hohenstein,  Penig,  Rochlitz, 
Schwarzenberg,  Waldheim,  Wiesenthal.     Bavaria  and  Bohemia:  Giimbel, '  Geog 


uostische  Beschreibimg  des  Ostbayerischen  Grenzgebirges,*  Gotha,  18G8 ;  Jokely,  Jahr. 
italty  VI.  p. 355;  viii.  pp.  1,516;  Kalkowsky,  'Die  Gnoisaformation  des 
Eulengcbirges*(Habilitation8clirift),  Leipzig,  1878  ;  NeueJt  Jahrb.  1880  (i.)  p.  2tK 


fxeol.  ReichtamtalL 


*  Lehmann, '  Entstehung  der  altkrystalUnischen  Hchiefergesteine,'  1884. 
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inioa-Bchist,  limestone,  &c.,  uru  said  to  occur,  but  possibly  some  at  least  of  the<e  rocks 
uro  altered  Cambrian  slates.*  lu  Asturias  and  Gallicia,  Barrois  has  iuvestigated  a 
great  series  of  schists  regarded  by  him  as  Archsean,  aud  divisible  into  two  important 
groups — a  lower  composed  essentially  of  mica-schists,  and  an  upper  coiudstiug  of  green 
chloritous,  amphibolitie,  talcoso  or  micaceous  schists,  with  subordinate  bauds  of  qoartzite, 
seri)entiue,  aud  cipolinc.- 

America. — lu  North  America,  Archsean  rocks  cover  an  area  estimated  at  more 
than  2,000,000  square  miles  from  the  Arctic  Ocean  southwards  to  the  great  lakes. 
In  Canada,  where  Ihey  were  studied  in  detail  by  Logan,  they  consist  of  two  diviidoiiB. 
But,  as  Sclwyu  has  recently  shown,  the  stratigraphioed  relations  of  these  BubdiTisions 
to  each  other,  owing  to  the  greatly  disturbed  structure  of  the  region,  are  not  quite  clear.' 
The  one  which  is  presumed  to  be  the  older  was  named  by  Logan  Laureniian^  from  its  de* 
velopment  among  the  Laurentide  mountains.  It  consists  chiefly  of  coarse  red,  grey,  and 
landed  t'clspatliio,  Iiomblendic,  micaceous  and  pyroxonic  gneisses,  with  pegmatites  aud 
included  zones  of  limestone.  The  other,  named  Huronian^  from  the  Lake  Huron  regioo, 
is  composed  mainly  of  quartzites,  felsites,  diorites,  diabases,  syenites,  various  coarse  and 
flue  frugmental  volcanic  rocks  (tuffs  and  agglomerates),  argillites,  and  various  schistose 
rocks.  Ill  all  cabes,  along  their  lino  of  junction,  the  Huronian  api>ears  to  dtp  below  the 
Laurentiaii  Hories;  but  it  is  believed  that  this  structure  Is  due  to  inversion,  the  minent-  — .a- 
logical  cliaracters  of  the  Huronian  rocks  making  it  almost  certain  that  they  are  the  ^  ^  .0 
younger  stories.  In  eastern  Canada,  however,  it  has  been  found  impossible  to  distinguish.^.  M'Jii 
betweeu  the  two  divisions,  typical  Laurentian  altc^mating  therewith  as  typical  Hurouiaii »  -M-^n 
roeks.* 

Crystalline  gneisses,  schists,  and  other  associated  rocks  occur,  as  in  EoroiH),  in  tht 
cores  of  many  of  the  chief  mountain  ranges  of  North  America,  and  Iwve  with  more  or  i 
eontideiice  been  assigned  to  the  Archaean  scries,  for  example,  in  the  Appalachian  chain.  .^z^Jn, 
and  in  many  of  the  separate  ranges  comprised  among  the  Rocky  Mountains.  It  vm.^  i« 
probable,  liowever,  that  some  of  the  rocks  included  in  this  roferonce  are  metamoiphio*'  M  ^^ifi 
rocks  of  much  later  ilate.  In  tbo  Wahsatch  Mountains,  Utah,  certain  granites,  iuoladeL.»>«a»ed 
as  ArchaMiii,  Iiave  beeu  shown  to  bo  younger  than  the  Carboniferous  period.' 

India. — In  India,  tlio  oldest  known  rocks  aro  gneisses  which  uuderlie  tlie  mos* 
ancient  Palaeozoic  foimations,  aud  apjxiar  to  belong  to  two  periods.  The  older  o<:»  ^ 
Bundelkund  gneiss  is  covered  unconformably  by  certain  "transition"  or " submcts mm  '^^ 
morphic*'  rocks,  wbieli,  as  they  approach  the  younger  gneiss,  become  altered  au^^A  ^ '^ 
iiitersccteil  by  granitic  intrusions.  The  younger  or  peninsular  gneiss  is  therefor -^ « ^^we 
Ijelieved  to  be  a  metamorphic  series  unconformable  to  the  older  gneiss.  In  the 
Ilimtdayaii  chain  there  arc  likewise  two  gneisses — li  central  gneiss,  lonbably  ArchnaiKJK 
and  an  np(H.'r  gneiss  fonued  by  the  metamorphism  of  older  FaluKizoic  rocks  into  whicK  s: 
it  posses,  and  which  lie  unconfonnably  on  the  older  gneiss  aud  contain  abundaw  "^  M^xa 
fragments  derived  from  it." 

'  (larrigou,  IML  tioc.  Gtol  France,  i.  (1873)  p.  418. 

«  Barrois,  Miin.  ,Soc.  Geol.  Nard.  ii.  (1882).  ^^ 

*  Nat.  Hut,  iSoc.  Montreal,  Feb.  1879.    *  Descriptive  Sketch  of  Canada.'  1884,  p.  48-  *=^^ 

*  Sterry  Hunt  claims,  as  an  upper  part  of  the  Laurentian  divisiou«  a  group  to  «'»»J->*'-*^^-*** 
thi;  givcH  the  name  of  Norian,  but  which  Selwvn declares  to  have  no  existence  (*  D< 
live  iSketcli,'  p.  25).    Hunt  also  ranks,  as  a  higher  subdivision  of  the  ArchcEian  seric 
the  micaceous  gneisses  and  (juartzose  schists  of  the  White  Mountains,  &c.  (Montalbtti)^ 
He  likewitjc  classes  as  an  upi)er  group  of  tho  same  series  the  quartzites,  mioa-schists,  anc^  ^ 
marbles  of  Vennont  (Ta<K)nic) ;  but  these,  as  Dana  has  shown,  contain  Lower  SUuriai  ^ 
fobsiJB,  and  canm^t  be  older  than  the  Trenton  rocks  (ante,  p.  577).  For  a  recent  statement 
of  Hunt's  views,  see  his  memoir  on  *  The  Taconic  Question  in  Geology,'  Traiu.  -Bw.  '^ 
tfoc.  Canada,  i.  scrction  iv.  (1883)  p.  217:  and  for  a  full  and  pungent  discuBsionof  tfcs^ 
whole  qucfjtion  of  tiie  Anrhiean  or  Azoic  rocks  of  North  America,  Whitney  and  Wads  "^ 
worth's  '  Azoic  ^^yHtelll,'  cited  on  p.  OS,"). 

*  Ann r.  Jonni.  .sV/.  xix.  (1880)  p.  3Gu. 
•*  Medlicott  and  Blanford,  *  Manual  of  Ueology  of  India,*  pp.   xviii.   xxvi.    Bu 
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Ohilia. — ^Arobnan  rocks  are  exieiisively  developed  in  northern  China,  forming  tho 
dunental  mafisea  round  and  over  which  the  hiter  rocks  have  been  laid  do^n. 
x)iding  U)  Richthofen,  the  oldest  portions  of  tho  series  are  mica-gneisses  and  gneiss- 
nites  with  hornblende-schists,  mica-schists,  &c.,  having  a  N.N.W.  strike  and  steep 
lination.  Apparently  of  later  date  are  some  chlorite-gneisses  and  hornblende-gneisses 
b  intercalations  of  mica-gneiss  and  granulito,  but  without  gneiss-granite,  seen  in 
Ih  Tshili  and  north  Shansi,  and  marked  by  a  persistent  W.S.W.  and  E.N.E.  strike. 
MM  rocks  are  succeeded  unconformably  by  a  great  series  of  groups  which  may 
DQg  to  distinct  periods.  They  consist  of  mica-schists,  crystalline  limestones,  black 
driiites,  hornblende-schists,  coarse  conglomerates  and  green  schists.  With  some 
heae  groups  are  associated  grauite,  pegmatite,  syenite,  and  dioritc.  The  whole  series 
lerwent  great  plication  and  denudation  before  the  deposition  of  the  older  Palaeozoic 
nations  (Sinisian).^ 

kOBtralasia. — In  the  Bouth  Island  of  New  Zealand,  the  most  ancient  Paheozoic 
kfl  are  underlaid  by  vast  masses  of  crystalline  foliated  rocks  traceable  nearly 
tinuously  on  the  west  side  of  the  main  watershed.  The  geological  relations  of 
ae  masses  have  not  yet  been  satisfactorily  defined,  and  it  docs  not  appear  to 
established  whether  any  portion  of  them  undoubtedly  belongs  to  the  Archieun 
horn.  They  are  divided  by  Dr.  Hector  into  two  series,  of  which  the  lower  consists  of 
dfl,  granite,  &c.,with  an  overlying  mass  of  hornblendic,  micaceous  and  argillaceous 
ists  (probably  metamorphosed  Devonian) ;  while  the  upper  consists  of  argillaceous 
(60  and  schists,  and  is  regarded  as  probably  altered  Silurian  or  even  Carboniferous 
ks.'  In  Canterbury  there  is  a  central  zone  of  micaceous,  talcose,  and  graphitic 
isiSy  overlain  by  chlorite-  and  hornblende-schists,  and  lastly  by  a  quartzitic  zone 
srleaved  with  schists.'  Crystalline  schists  and  gneisses  form  the  rugged  mountainous 
vnd  of  south-western  Otago.  The  centre  of  this  province  is  occupied  by  a  broad 
id  ci  gently  inclined  mica-schists  and  slatee.  These  rocks  are  the  main  gold-bearing 
ifiB  of  Otago.^ 

In  Australia,  large  areas  of  granite  and  of  crystalline  schists  occur,  but  their  precise 
aiions  have  not  yet  been  worked  out  Some  of  these  rocks  have  been  described  by 
wyu,  TJlrich,  and  others,  as  metamorphosed  Pala)ozoic  formations*  But  there  are 
;  improbably  other  areas  referable  to  an  Archosan  series. 

Part  II.  Pal/Eozoio. 

Under  tho  general  term  Palceozoio  or  Primary  are  now  Included  all 
d  older  sedimentary  formatione  containing  organic  remains,  up  to  the 
p  of  the  Permian  system.  These  rocks  consist  mainly  of  sandy  and 
iddy  sediment  witJi  occasional  intercalated  zones  of  limestone.  They 
erywhere  bear  witness  to  comparatively  shallow  water  and  the 
ozimity  of  land.  Their  frequent  alternations  of  sandstone,  shale^ 
Dglomerate,  and  other  detrital  materials,  their  abundant  rippled  and 
n-cracked  surfaces,  marked  often  with  burrows  and  trails  of  worms^ 
well  as  the  prevalent  character  of  their  organic  remains,  show  that 
ey  must  have  been  deposited  in  areas  of  slow  subsidencoj  bordering 


ire  are  younger  Indian  schistose  locks,  from  which  these  must  be  distinguishe<l.     In 
}  Himalayan  region  there  is  a  serlen  of  gneisses  and  schibts  below  which  lie  oom- 
ratively  unaltered  beds  of  supra-triassic  age. 
»  Bichthofen,  •  China,'  ii.  (1882). 

*  *  Handbook  of  New  Zealand,'  by  J.  Hector,  M.D.,  Welluigtoi),  188^;. 

*  Haast*8  *  Geology  of  Canterbury,*  p.  252. 

*  Button's  *  Geology  of  Otogo,'  p.  :U. 
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continental  or  inBiilar  masses  of  land.  As  regards  tbo  organisms  of 
whicli  they  have  preserved  the  casts,  the  Palaoozoic  rocks,  as  far  as  tlic 
present  evidence  goes,  may  be  grouped  into  two  divisions — an  older  and 
a  newer  : — the  former,  or  Silurian  facies  (from  the  base  of  the  Cambriau 
to  the  top  of  the  Silurian  system),  distinguished  more  e8X)ecially  by  the 
abundance  of  its  graptolitic,  trilobitic,  and  brachiopodous  fauna,  and  by 
the  absence  of  vertebrate  remains ;  the  latter,  or  Carboniferous  fackfi 
( from  the  top  of  the  Silurian  to  the  top  of  the  Permiau  Bystom),  marked 
by  the  number  and  variety  of  its  fishes  and  amphibians,  the  disap- 
pearance of  graptolites  and  trilobites,  and  the  abundance  of  its  crypto- 
gamic  terrestrial  flora. 

Section!.    Cambrian  (Primordial  BilurianV 

§  1.    General   Characters. 

In  those  regions  of  the  world  where  the  relations  of  the  Archssan  to 
the  oldest  unmetamorphoscd  FalaK)zoio  rocks  are  most  clearly  exposed 
and  have  been  most  carefully  studied,  a  marked  uuconformubility  and 
strong  lithological  wjn trust  have  been  observed  between  the  two  series, 
the  younger  frequently  abounding  in  pebbles  derived  fix»ni  the  waste  of 
the  older.  Such  a  break  points  to  the  lapse  of  a  vast  interv^  of  time 
during  which  the  Archaean  formations,  after  suffering  much  crumpling 
and  metamor])hism,  were  ridged  up  into  land  and  were  then  laid  open 
to  prolonged  denudation.  Those  changes  seem  to  have  been  mort 
especially  prevalent  in  the  northern  part  of  the  northern  hemisphere. 
At  all  events,  there  is  evidence  of  extensive  upheaval  of  land  in  the 
north-west  of  Europe  and  across  the  northern  tracts  of  North  Ameriw 
and  Northern  China  -  prior  to  the  deposit  of  the  earliest  remaining  jK-r- 
tions  of  the  Palicozoic  formations.  These  stratii,  indeed,  were  derivt-l 
from  the  degradation  of  that  northern  land,  and  we  may  form  some  idt-n 
(»f  its  magnitude  from  the  enormous  piles  of  sedimentary  rock  which 
have  been  formed  out  of  its  waste.  To  this  dav,  much  of  the  land  in 
the  boreal  tracts  of  the  northern  henii8i)liere  still  consists  of  Areha-an 
^iieiKs.  We  cannot  affirm  that  the  i)rimeval  northern  land  was  lofty; 
but,  if  it  was  not,  it  must  have  been  subjectt'd  to  repeated  renewals  of 
elevation,  to  compensate  for  the  loss  of  height  which  it  sufiered  in  the 
denudation  tliat  provided  material  for  the  deep  masses  of  ralBi»a»ic 
sedimentarv  rock. 

The   earli(»st   i-oiinected    suite   of  deposits  in   the   PaUeozoic  Beri* 

'  Oil  the  rlaiui  of  '*  Cainhiiiin -'  for  r(H'o;^nition  as  a  disiiuct  qr^tom,  w^  ifmib 
/ir;^^ '»,  p  (;."io.  ^FiHi  coutioviTsv  luis  tnkcii  place  iu  Knglund  in  recent  yean  iwrwJfoP 
ilio  n-sipoctivr  Cnuil)riaii  und  Silurian  bnunaarietf.  Into  this  diBputt'  it  j«  !"•:  !i"i'''V 
to  inliT  licri.'. 

TIjo  vast  erortitm  of  tlu'  Archscun  land  iu  ctirlv  r:d  4-.i/.4i'  tiii-    .-  ;■    .irri-  nxy 


iinpiwseiivoly  shown  tliuu  in  Northern  GhiDa.  where,  hh  Ili.-htlMi;'. ,.  ii.i-  |ioinK  X\^ 
Anlia  an  <rni'iss<  .><  arcHiirmonDtedby  tbouaods  of  fwt  *.r  *  li-  ■:  ni.irt  iimti  rial(!|j^\«i^^ 
fonnntioii),  in  tlio  uppermoat  pcorli  rf  w^'  '    'vj:  i -.ii-  an   i^yasnV   '^ 
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seiTed  the  name  "  Cambrian,"  proposed  by  Sedgwick  for  the  most 
cient  sedimentary  rocks  of  North  Wales  (Cambria).  When  the  pecu- 
r  braohiopodons  and  trilobitic  fanna  of  the  Silurian  system  was  found 

descend  into  these  rocks  they  were  termed  the  Primordial  Zone  or 
[mordial  Silurian  a  name  originally  proposed  by  Barrande  for  cor- 
iponding  strata  in  Bohemia.  By  far  the  largest  mass  of  them  is 
fidBfliliferous,  so  that  their  identification  in  different  countries  is  often 
tirely  arbitrary. 

Bocks. — The  rocks  of  the  Cambrian  series  present  great  uniformity 

lithological  character  over  the  globe.  They  consist  of  grey  and 
Ldish  grits  or  greywackes,  quartzites  and  conglomerates,  with  idiales, 
tes,  and  phyllites  or  schists.  In  Wales,  they  include  towards  their 
le  an  interesting  volcanic  group  consisting  of  felsitic  and  diabase- 
&,  and  olivine-diabase  in  interbedded  sheets,  through  which  eruptive 
d  rocks  (quartz-felsites,  <&c.)  have  risen.  Their  false-bedding,  ripple- 
rks,  and  sun-cracks  indicate  deposit  in  shallow  water  and  occasional 
XNsnre  of  littoral  surfaces  of  desiccation.  Sir  A.  C.  Bamsay  has  sug- 
ited  that  the  non-fossiliferous  red  strata  may  have  been  laid  down  in 
etnd  basins,  and  he  has  speculated  upon  the  probability  even  of  glacial 
ion  in  Cambrian  time  in  Britain.*  As  might  be  expected  from  their 
;li  antiquity,  and  consequent  exposure  to  the  terrestrial  changes  of  a 
^  succession  of  geological  periods,  Cambrian  rocks  are  usually  much 
tarbed.  They  have  often  been  thrown  into  plications,  dislocated, 
a&di  on  end,  cleaved,  and  metamorphosed.  In  some  regions  (Thuringia, 
cony,  &c.)  they  graduate  into  thoroughly  crystalline  schists,  and  this 
bdation  has  been  supposed  to  mark  the  gradual  cessation  of  the  con- 
ions  under  which  the  Archaean  rocks  were  formed,  and  the  appearance 
those  that  govern  ordinary  sedimentation.  There  can  be  little  doubt, 
wrever,  that  all  these  gradations,  where  they  actually  occur,  are  ex- 
ples  of  the  phenomena  of  regional  metamorphism  (ante,  p.  568). 

Life. — Much  interest  necessarily  attaches  to  Cambrian  fossils,  for 
>y  are  the  oldest  assemblage  of  organisms  yet  known.  They  form  no 
ibt  only  a  meagre  representation  of  the  fauna  of  which  they  were 
»  a  living  part.  One  of  the  first  reflections  which  they  suggest  is 
it  they  present  far  too  varied  and  highly  organised  a  suite  of  orga- 
ms  to  allow  us  for  a  moment  to  suppose  that  they  indicate  the  first 
ma  of  our  earth's  surface.  Unquestionably  they  must  have  had  a 
ig  series  of  ancestors,  though  of  these  still  earlier  forms  no  trace  has 
;  been  recovered,  perhaps  because  the  rocks,  in  which  any  records  of 
jm  might  have  been  preserved,  seem  to  have  been  everywhere  meta- 
•rphosed.^  Thus,  at  the  very  outset  of  his  study  of  stratigraphical 
)logy,  the  observer  is  confronted  with  a  proof  of  the  imperfection  of 

»  Q.  J.  Geol  Soc,  xxvii.  (1871),  p.  250  ;  Proe.  Boy.  Soc.  xxiii.  (1874),  p.  334;  Brit 
toe,  1880,  Presidential  Address. 

Riohthofen  has  suggested  that  in  China  possibly  some  of  the  deep  parts  of  his 
inisian  "  formation  (which  in  its  higher  parts  yields  Primordial  fossils)  may  perhaps 
eal  traces  of  still  older  faunas. 
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the  geological  record.  When  he  liegina  the  examination  of  the  Uftmbrian 
fnuna,  so  far  an  it  han  been  preserved,  lie  at  nnce  enconnterB  farther  evi- 
dence of  imperfection.  Whole  tribes  of  animalB,  which  almost  certainly 
were  represented  in  Cambrian  eesB,  have  entirely  diBappeared,  while 
those  of  which  remains  have  boon  preserved  belong  to  different  and 
widely  separated  diviaionB  of  invertebrate  life.' 

The  prevailing  absonoo  of  limeatoneB  from  the  Cambrian  deposits  i« 
accompanied  liy  a  faihire  of  the  foraminifera,  corals,  and  other  oaloanons    j 
orgaDiBmH  whicli  abound  in  tbo  limestones  of  the  next  great  geological  J 
series.     The  character  of  the  general  sandy  and  muddy  eediment  mnst^ 


pbf  (n  wniknK 


5.  AgnortBj  princriM,  S*ll.  (fnluged) 


I,  HIclu  (inl  eDlirgnl) ;  11,  D]kFl(K*ptu1iua1Ue»,Si«^^>^ 

have  determined  the  distribution  of  life  on  the  floor  of  the  Cambri^EM; 
sea,  and  doubtless  has  also  affected  the  extent  of  the  final  preaervat^S=ion 
of  organisms  actually  entombed. 

The  plants  of  the  Cambrian  period   have   been   scarcely  at  all 

preserved.     That  the  sea  then  possessed  its  sea-weeds,  can  hardly         be 
doubted,  and  various  fucoid-like  markings  on  slates  and  sandstones  ( -—ft/. 

'  ^"''.v  tbo  prcwure  of  medusro  in  the  Cumbrian  rens  liaa  boen  dotec-led  in      tb« 
ts  of  Ihtir  forniB  found  in  Sweden  by  A.  C.  Nntliorflt.    Sreiuk.  Aliad.  ffaivB.  -xlx. 


18SI). 


letie  mt  otherwiee  atuUi]  the  figures  hit  of  the  natnral  mxe. 
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the  "  fncoitUl  Raiidntoiie "  of  Sweden)  have  been  referrcil  to  the  vege- 
table kingdom.  The  genus  Kophjlon  from  riweden,  mid  others  from  the 
I'otadnm  aandstone  of  Xorth  America,  have  been  doncriled,  bnt  some  of 
these  are  probably  -worm-traeka,  others  aro  merely  imitative  wrinklen 
and  markings  of  inorganic  origin,  and  it  is  not  certain  that  any  of  them 
are  tnily  plants.  Wliat  has  been  regarded  as  an  undoubted  organism 
occnrs  in  abundance  in  the  Cambrian  rocks  of  the  south-east  of  Ireland, 
and  is  named  Oldhamia  (Fig,  320).  For  many  years  it  was  considered 
to  tte  a  acrtularian  zoophyte,  subsequently  it  was  referred  to  the  oal- 
careoiiH  algee  ;  but  its  true  grade  seems  Btill  unwrtain. 


Among  the  animal  organisms  of  the  Cambrian  rocks  tlie  most 
lowly  forms  yot  detected  are  hexactinellid  sponges  (Proloupmiijla,  Fig. 
.'120 J,  of  wliich  four  species  have  been  foupd  in  Wales.'  The  liydroitoa 
appear  in  the  genns  Diefyngrajiitu  {Difltjimpmn)  wliich  is  one  of  the  most 
<'hnract«riBtic  fossils  of  the  primordial  zone  of  Scandinavia.  AVitli 
referenoo  to  this  genus  we  should  note  that,  while  it  is  the  earliest,  it  is 
alw)  the  latest  graptrtlito,  some  of  its  foinis  being  actually  found  in  the 
middle  Devonian  rocks  of  North  America.  The  Echinwlermnta  arc  re- 
prescnteil  by  crinoiils  (BmArnfriiitiii),  oj-Rtidenns  {PrnlnciiKlilen,  Fig,  320), 
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nnd  star-fishPB  (Pnlma'terha,  Fig.  321).  Tlie  crinoids  reached  their  cul- 
mination ii)  ft  vnrioty  of  forniH  dnrinp;  Palaeozoic  time.  Though  atill 
eiiominnHly  alnmilnnt  in  imlividimlFi  on  some  parta  of  the  preeent  sea- 
floor,  tlioy  are  but  jMjorly  represoHtcid  tliere  compared  ■with  the  profngton 
of  genera  and  species  in  the  earlier  periods  of  the  earth's  histOTj-. 
Palteozoic  crinoidH  were  distinguished  liy  the  vaulted  airangemeDt  of  ac- 
curately fitting  plates,  by  which  their  viscora  ■were  completely  enclosed, 


-^ 


lap  ol  Uppor  Cnjabriin  Fe-m 

0.  Sill,  i  3.  ralaattcrlni  i 

Sjlt.;  S.Onhlj.C»™mli,B_.. „., 

Hymtnocmil.  wnniwiaU,  Salt,  (uid  e\ 


after  the  manner  of  the  sea-urchins.    The  Cystideans.  so  named  from  the^ 
bag-like  form  in  which  the  polygonal  pUtes  enclosing  them  are  atroiiKed^ 
wore  beli«ved  to  be  entirely  Palieozoio,  bnt  the  discbveiy  of  a  li^nc^ 
genus,  Huponome,  by  Prof.  Lov<5n,  shows  that  the  type  has  pemisted  down^ 

to  the  jiresent  time. 
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That  annelidefl  existed  during  the  Cambrian  period  is  shown  by 
their  frequent  tmils  and  burrows  (ArPvlroUtes,  Fig,  320,  Cmziana), 
But  by  far  the  most  abundantly  preserved  forms  of  life  are  Crustacea, 
chiefly  1)elonging  to  the  extinct  order  of  trilobites  (Fig.  319).  It  is 
a  very  suggeetiye  fact  that  these  organisms  appear  even  here,  as 
it  were,  on  the  very  threshold  of  authentic  biological  history,  to  have 
reached  their  full  structural  development.  Some  of  them  indeed  wore 
of  dimensions  scarcely  ever  afterwards  equalled,  and  already  presented 
great  variety  of  foi*m.  Individuals  of  the  species  Paradoxides  Davidh 
are  Bometimes  nearly  two  feet  long.  But  with  these  giants  were  mingled 
other  types  of  diminutive  size.  It  is  noteworthy  also,  as  Dr.  Hicks  has 
pointed  out,  that  while  the  trilobites  had  attained  their  maximum  size 
at  this  early  period,  they  were  represented  by  genera  indicative  of 
almoBt  every  stage  of  development,  "  from  the  little  Agnoatus  with  two 
rings  in  the  thorax,  and  MicrwliHcm  with  four,  to  Erinnyft  with  twenty- 
four,"  while  blind  genera  occurred,  together  with  those  having  the 
largest  oyes.^  Besides  those  just  mentioned,  other  characteristic  genera 
(Fig.  319)  are  Pluionla,  Ellipwcephalmy  Conocoryphe  (ConocephaHtes), 
Dikelcc^halua,  Olenua,  and  Anopolenus,  Phyllopod  crustaceans  likewise 
occur ;  the  most  characteristic  genus  being  Hymcnocaris  (Fig  321). 

In  striking  contrast  to  the  thoroughly  Palroozoic  and  long  extinct 
order  of  trilobites,  the  brachiopods  appear  in  genera  of  the  simple  non- 
articulated  group  which  are  still  familiar  in  the  living  world ;  but  the 
more  highly  organised  articulate  division  is  also  represented.  Lhujula 
and  Discina  (Fig.  320),  which  appear  among  these  ancient  rocks,  have 
persisted  with  but  little  change,  at  least  in  external  form,  through  the 
whole  of  geological  time  and  are  alive  still.  Other  genera  are  Linguhlla 
(Fig.  321),  OboUlla  (Fig.  320),  XM^orz/Zwa,  and  Orthis  (Fig.  321).  Ever>' 
class  of  the  true  moUusca  had  its  representatives  in  the  Cambrian  seas. 
The  lamellibranchs  occurred  in  the  genera  Cienodontn  (Fig.  321),  Palm- 
nrea,  Davidia,  and  Modiolopsis.  The  gasteropods  were  present  in  the 
heteropod  genus  so  characteristic  of  Palaeozoic  time,  Bellerophon  (Fig.  321 ). 
The  pteropods  were  represented  by  the  genera  Byolithes  or  Theea  (Fig. 
320)  and  Conularia  (Fig.  321),  the  cephalopods  by  Orthoceras  (Fig.  321). 

Taking  palaeontological  characters  as  a  guide  in  classification,  it  haH 
been  proposed  to  group  the  Cambrian  rocks  according  to  the  distribution 
of  characteristic  trilobites,  into  two  divisions — the  lower  (Harlech  or 
Longmynd  and  Menevian  rocks  of  Britain)  termed  Paradoxidian,  and 
the  upper  (Lingula  and  Treraadoc)  Olenidian. 

§  2.   Local  Development. 

Britain.' — The  area  in  which  the  fullest  development  of  the  oldest  known  Palfieozoic 
Tocks  has  yet  been  found  is  undoubtedly  the  principality  of  Wales.    The  rocks  arc 


*  Q.  /.  OecH,  Sor.  xxviii.  p.  174. 

*  See  Sedgwick's  Memoirs  in  Quart,  Journ.  Geol  Soc.  vols.  i.  ii.  iv.  viii.,  and  his 
Synopsis  of  the  Classification  of  the  British  Palaeozoic  Rocks,'  4to,  1855 ;  Murohison's 
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tliere  probnbly  tlucker  than  in  any  other  known  region,  they  hare  yielded  a  more  abun- 
dant fauna,  and  ihoy  poBsess  additional  imiiortancc.'  from  the  fact  that  they  were  tlic 
first  strata  of  gnoli  antiquity  to  he  worked  out  Btratigrapliically  and  palsBoniologically. 
As  already  stated,-  they  were  named  Cambrian  by  Sedgwick,  from  their  extensiTe  deve- 
lopment in  North  Wales  (Cambria),  where  he  originally  studied  them.    Their  trae  base 
iR  nowhere  seen.    Professor  Hughes,  Dr.  Hickti,  Professor  Bonney  and  others  believe 
that  a  strong  conglomerate  and  grit  gonentlly  mark  the  base  of  the  Cambrian  aerieiL^ 
According  to  Sir  A.  C.  Bamsay,  on  the  other  hand,  the  base  of  the  Cambrian  seriea  is 
either  concealed  by  overlying  formations  or  by  the  motamorphism  which  he  thinks  has 
converted  portions  of  the  Cambrian  series  into  various  crystalline  rocks.    Starting  from 
the  lowest  observable  horizon  among  these  ancient  sedimentary  deposits,  the  geologist 
can  traco  an  upward  succession  through  many  thousands  of  feet  of  g^ts  and  slates 
into  the  Silurian  system.    Considerable  diversity  of  opinion  has  existed,  and  still 
continues,  as  to  tlie  lino  where  the  upper  limit  of  the  Cambrian  division  sihoold  be 
drawn.     Murchison  contended  that  this  line  should  be  placed  below  strata  where  a 
trilobitio  and  brachiopodous  fauna  begins,  and  that  these  strata  cannot  be  separated 
from  the  overlying  Silurian  system.    He  therefore  included  as  Cambrian  only  the 
Imrren  grits  and  slates  of  the  Longmynd,  Harlech,  and  Llanberis.    Sedgwick,  on  the 
other  hand,  insisted  on  carrying  the  line  up  to  the  Inise  of  the  Upper  Silurian  rocks. 
He  thus  left  theso  rocks  as  alone  constituting  the  Silurian  system,  and  massed  all  the 
Lower  Silurian  rocks  in  his  Cambrian  system.   Murchison  worked  out  the  stnttigraphieal 
order  of  succession  from  above,  chiefly  by  help  of  organic  remains.     He  adTanccd^flr  -aA 
from  where  the  superposition  of  the  rocks  is  clear  and  undoubted,  and  for  the  first  tiroe'"=^  je 
in  the  history  of  geology,  ascertained  that  the  *'  transition-rooks  "  of  the  older  geologisti    i     li" 
could  bo  arranged  into  zones  by  means  of  cliaracturistic  fossils,  as  satisfactorily  as  thr-.»  ^o 
Secondary  fonnations  had  been  classified  in  a  similar  manner  by  William  Smith.    Tear  .M~a^ 
by  year,  as  lie  found  his  Silurian  types  of  life  descend  farther  and  farther  into  lower  -"^  er 
deposits,  he  pushed  backward  the  limits  of  his  Sihuian  system.    In  this  he  was  snp^^:^  p* 
ported  by  the  general  consent  of  geologists  and  palieontolog^ists  all  over  the  worIdV^:»^* 
Sedgwick,  on  the  other  liand,  attacked  the  problem  rather  from  the  point  of  stratign^h^  m^  At 
and  geological  structure.    Though  ho  had  collected  fossils  from  many  of  the  rocks  otf"-»      ot 
which  he  had  mode  out  the  true  order  of  succession  in  North  Wales,  he  allowed  theia.  .■.  ^am 
to  lie  for  years  unexamine<l.    Meanwhile  Murchison  had  studied  the  prolongations  ^kt^^      of 
some  of  the  same  rocks  into  South  Wales,  and  had  obtained  from  them  the  copioiicv^^^Q' 
suite  of  organic  remains  which  characterised  his  Lower  Silurian  formations,    ^\as^msm-^^ 
fossils  were  found  abundantly  on  the  continent  of  Europe  and  in  America.    Xatomllf  ^Jly 
the  classification  proposed  by  Murchison  was  generally  aulopted.    As  he  included  ix.         in 
his  Silurian  system  the  oldest  rocks  then  known  to  contain  a  distinctive  £ftnna  c»  ^ 

trilobites  and  brachiopods,  tlio  earliest  fossiliferous  rocks  were  everywhere  classed  f»  •* 

Silurian.  Tlie  name  Cambrian  was  regarded  by  geologists  of  other  countries  as 
designation  of  a  British  series  of  more  ancient  deposits  not  characterised  by  pecnli^. 
organic  remains,  and  therefore  not  capable  of  being  elsewhere  satis&ctorily 
Barrande,  investigating  the  most  ancient  fossiliferous  rocks  of  Bohemiai  distingnishi^^  ^C3ed 
by  the  name  of  the  **  I^imordial  Zone  "  a  group  of  strata  forming  the  lowest  member  •  "^  " 
the  Silurian  rocks,  and  containing  a  peculiar  and  characteristic  snite  of  trilobite^^*^** 
Murchison  adopted  the  term,  grouping  under  it  the  lowest  dark  slates  which  in  Wal^  ^  ^^^ 
and  the  border  English  counties  contained  some  of  the  same  early  forms  of  life. 

*Siluria' :  Salter's  *  Cat.  of  Cambrian  and  Silurian  Fossils,*  with  preface  by  Sedgwicr^^*^* 
1873;  Ramsay's  *  North  Wales,"  Geological  Survey  Memoirt^  vol.  iii.;  and  papers  '  ^^JjT 
Salter,  Harkness,  Hicks,  Hughes,  and  others  in  the  Quart,  Jonrn,  GeoL  Sac,  and  (r^r^^J^^- 
Matj.y  to  seme  of  which  reference  is  made  below.    J.  E.  Marr*s  'Classification  of  tl^^  "^ 
Cambrian  and  Silurian  Books  *  gives  a  bibliography  of  the  subject  up  to  1S88. 
•  Q. ./.  Giol.  is*c.  xxxiv.  p.  144.    See  also  the  papers  by  Hicks  and  Bonney 
to  on  p.  G39,  and  Hicks,  Q.  J.  Qeol.  So*,  xl.  (1884),  p.  187. 
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Subsequent  invefltigatioiiB,  by  the  lat*?  Mr.  Salter  and  Dr.  Hickfl,  brought  to  light, 
from  the  Primordial  rooks  of  Wales,  a  much  more  numerous  faima  than  they  were 
supposed  to  possess,  and  one  in  some  degree  diBtinct  from  that  in  the  undoubted  Lower 
Silariaa  rooks.  Thus  the  question  of  the  proper  base  of  tlio  Silurian  system  was 
reopened.  As  a  pala>ontological  break  occurs  at  the  top  of  the  so-called  Tremadoc 
slates,  it  has  been  proposed  to  draw  there  the  Upper  Cambrian  limit.  As  above  stated, 
there  is  really  no  sufficient  break  anywhere  to  warrant  the  bisection  of  what  is  one 
great  pal»ontological  series  into  two  *'  systems."  This  has  been  recognised  by  conti- 
nental geologists,*  but  is  hardly  yet  generally  conccdinl  in  England.  I  believe  the  day 
ia  not  now  distant  when  the  whole  succession  of  strata  from  the  base  of  the  Cambrian 
to  the  top  of  the  Silurian  subdivisions  will  be  recognised  to  be  but  one  great  system. 
To  this  system  Ihe  name  Silurian,  in  accordance  with  priority  and  justice,  must  be 
AMsgned.  It  consists  of  three  members  correpponding  to  the  three  faunas  of  Barrande : 
(a)  Primordial  Silurian  or  Cambrian,  (?>)  Lower  Silurian  and  (c)  Upper  Silurian.- 

The  term  Cambrian  (Primordial  Silurian)  will  here  be  employed  to  embrace  all  the 
fiMriliferous  strata  of  Britain  up  to  the  top  of  the  Tremadoc  Slates.  As  developed  in 
North  Wales  and  the  border  English  counties,  this  g^at  series  of  formations  consists  of 
purple,  reddish-grey,  and  green  slates,  grits,  sandstones,  and  conglomerates,  which  are 
eatimated  to  reach  the  enormous  thickness  of  25,000  feet.  By  far  the  larger  part  of  this 
vast  depth  of  rock  is  unfossiliferous.  Indeed  it  is  mainly  in  some  bands  of  the  upper  6000 
leety  or  thereabouts,  that  fossils  occur  plentifully.  The  total  British  Cambrian  fauna 
diaoovered  up  to  the  present  time  embraces  61  genera  aud  182  species.  By  fosffil 
eridence  the  Cambrian  rocks  may  be  divided  into  Lower  and  Upper,  and  each  of 
these  sections  may  be  further  subdivided  into  two  series,  as  in  the  following  table : — 

Tremadoc  slates. 


TT  ,       (  4.  Tremadoc  slai 

L,.p<.r  gone..  |  3   j  j„g„,,  f^^^ 

Menevian  groi 

Harlech  and  Longmynd  group. 


Cambrian 

of  Wales.  )    •  .       J  2.  Menevian  group. 


1.  HarUeh  and  Longmynd  Group. — This  group  consists  of  purple,  red,  and  grey  flags, 
sandstones,  slates,  and  conglomerates  resting  on  felsitic  and  diabasic  tuffs  and  breccias, 
with  interstratifled  olivine-diabases  and  intrusive  quartz-felsites  (St.  David's,  &o.).*  It 
attains  a  great  thickness  (perhaps  25,000  feet  in  Shropshire).  It  was  formerly  sup- 
posed to  be  nearly  barren  of  organic  remains;  but  in  recent  years,  chiefly  through 
the  researches  of  Dr.  Hicks  at  St.  David's,  it  has  yielded  a  tolerably  abundant 
fauna,  consisting  of  32  species.    Among  these  are  7  genera  and  14  species  of  trilobites 


*  Since  the  first  edition  of  this  work  was  written,  in  which  the  future  merging  of  Cam- 
brian and  Silurian  into  one  great  system  was  regarded  as  probable,  M.  Heoert  has  thus 
expressed  himself :  **  I  adopt  the  opinion  of  M.  Barrande,  baaed  as  it  was  on  such  thorough 
and  prolonged  research,  that  there  is  one  common  character  in  his  three  first  faunas 
which  unites  them  into  one  great  whole.  To  these  faunas  and  the  beds  containing 
them  I  assign  the  name  Silurian,  1>ccauso  the  Silurian  fauna  was  the  first  to  be 
determined ;  and,  further,  I  am  of  opinion  that  the  Cambrian  group  ought  not  to  appear 
in  our  nomenclature  as  of  equal  rank  with  the  Silurian  group,  of  which  it  is  merely  a 
subdivision.'*— J5uZ/.  Soc.  Geol.  France.  (3)  xi.  (1882)  p.  34.  F.  Schmidt,  also,  would 
prefer  to  regard  the  Cambrian  as  only  part  of  one  system  extending  up  to  the  overlying 
nneonformable  Devonian  rocks.     Q.  J.  Oeol.  Soe.  xxxviii.  (1882)  p.  515. 

•  In  the  present  edition,  I  meanwhile  retain  the  separation  of  the  Cambrian  as  a 
distinct  "system,"*  as  I  am  afraid  its  removal  from  this  position  in  an  English  texi- 
hook  of  geology  might  as  yet  be  too  great  a  shock  for  some  of  my  brother  geologists. 

■  An  unconformability  has  been  stated  to  exist  at  the  top  of  this  volcanic  series  of 
which  fragments  are  found  in  the  overlying  beds.  There  is  certainly  no  general  un- 
oonformability  at  St.  David's,  and  the  occurrence  of  pebbles  of  a  volcanic  series,  even  in 
great  abundance,  in  the  overlying  strata  is  what  might  be  expected.  Q.  J.  Geol.  So<'. 
zxxix.  (1883)  p.  261.  The  felsitcs  and  breccias  of  North  Wales,  like  those  of  St.  Davids, 
have  been  assigned  by  Professors  Hughes  and  Bonney  and  Dr.  Hicks  to  a  pre-Cambrian 
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in  some  cased  species,  of  brooliiopods  appear  which  occur  iu  the  Lingula  flags,  Orthi« 
Carauni  and  LinguleUu  Davisii  beiog  common  forms.  Dr.  Hicks  has  described  12 
species  of  lamellibranchs  from  the  Tremadoo  beds  of  Hamsey  Isluud  and  St.  David's, 
belonging  to  the  genera  QenodoiUa,  Pahnarca,  Glypiarca,  Damdiay  Modiolopsie, 
The  cephalopoda  are  represented  by  Orthoceras  eericeum  and  Cyrtoctras  pracox ;  the 
pteropods  by  Theca  Davidii,  T.  opereulata,  and  Conularia  Hom/rayi;  the  echinoderms 
by  a  beautiful  star-fish  (Pahexuterina  ravMeyemni)  and  by  a  crinoid  (Pendrocrinm 
cambrenfii),^ 

Careful  analysis  of  the  fossils  suggests  a  division  of  the  Trcmadoc  group  into  two 
sub-groups.  According  to  Mr.  Etberidgc,  the  Lower  Tremado3  sub-group  has  yielded 
in  all  28  genera  and  58  species,  of  which  8  genera  and  9  species  pass  down  into  tliu 
Ling^ola  flags,  and  9  genera  and  13  species  ascend  into  the  Upper  Tremadoo  rock?. 
The  most  characteristic  forms  are  Niobe  Hom/rayi^  N.  menapiensiSf  Ptfilocephalus  inno- 
iatutf  Angelina  Sedgtcickii,  Asaphtu  affinis.  The  upper  Tremadoc  sub-group  contains,  as 
at  present  ascertained,  20  genera  and  33  species,  of  which  only  16  species  pass  up  into 
the  Arenig  group.  It  is  at  the  top  of  the  Upper  Tremadoc  strata  that  the  line  between 
Oambrian  and  Silurian  rocks  is  here  drawn.  According  to  Sir  A.  C.  Ramsay,  there 
it  eridence  of  a  physical  break  at  the  top  of  the  Tremadoc  group  of  Wales,  so  that  on 
m  l*rge  scale,  the  next  succeeding  or  Arenig  strata  repose  unconformably  upon  ever)'- 
thing  older  than  themselves ;  while  Mr.  Etheridge  ijoints  out  that  only  a  small  |)ercentage 
oi  fossils  of  the  one  series  passes  over  into  the  other  (16  species  in  all)  and  that  thu 
cbiLracter  of  tlie  Arenig  fauna  distinguishes  it  from  that  of  the  formations  below.  But , 
as  already  remarked,  the  demarcation  does  not  interfere  with  the  broad  general 
iMemblance  in  the  palseontological  facics  of  the  two  systems.  Unfortunately  in 
England,  where  the  question  has  been  principally  dinicussed,  perfeonal  considerations 
haTe  been  allowed  to  influence  the  judgment,  the  partizans  of  Sedgwick,  on  the  one 
hand,  and  of  Murchison,  on  the  other,  contending  for  the  claims  of  the  rival  geological 
chiefs.  When  the  personal  element  can  be  entirely  eliminated,  and  the  question  is 
discusaed  on  its  own  merits,  the  line  of  demarcation  between  Cambrian  and  Silurian,  as 
above  suggested,  will  probably  be  efloced,  and  the  whole  will  be  regarded  as  one  great 
pa1a$ontological  system. 

In  the  north-west  of  Scotland  a  mass  of  re<ldish-brown  and  chocolate-coloure<l 
sandstone  and  conglomerate  (at  least  4000  feet  thick  iu  the  Loch  Torridon  district)  lies 
onconformably  upon  the  Archroan  gneiss  in  nearly  horizontal  or  gently  inclined 
beds  (2  in  Fig.  300).  It  rises  into  picturesque  groups  of  mountains,  which  stand  out  as 
striking  monuments  of  denudation,  seeing  that  the  truncated  ends  of  their  component 
flat  strata  can  be  traced  even  from  a  distance,  forming  parallel  bars  along  the  slopes  and 
precipices.  The  denudation  must  have  been  conniderable  even  in  early  Silurian  times, 
for  the  sandstones  are  unconformably  overhiid  by  quartzites  and  limestones  containing 
Lower  Silurian  fonsils,  and  these  younger  strata  even  in  the  same  district  rest  directly 
un  the  Archtean  gneiss.  Here  and  there,  at  the  base  of  the  red  sandstone  lies  a  remark- 
ably coarse  breccia  containing  huge  angular  blocks  of  gneiss.  At  these  localities, 
rounded  dome-like  bosses  of  gneiss  pass  under  the  breccia  and  forcibly  recall  the  roches 
mouiotineeB  of  more  recent  times.'  No  trace  of  organic  remains  of  any  kind  has  been 
found  in  the  red  sandstones  themselves,  unless  certain  track-like  impressions,  observed 
un  the  west  side  of  Loch  Maree,  can  be  regarded  as  having  been  imprinted  by  Crustacea 
or  other  organisms.'  These  sandstones  were  at  one  time  regarded  as  Old  Red  Sand- 
stone, though  Macculloch,  and  afterwards  Ilay  Cunningham,  pointed  out  that  they 
underlie  ports  of  the  schistose  rocks  of  the  northern  Highlands.  The  discovery  by  Mr. 
C  W.  Teach  of  Lower  Silurian  shells  in  the  overlying  limestones  showed  that  the 
massive  red  sandstones  of  Western  Ross  and  Sutherland  could  not  be  jKiralleled  with 

'  Hicks,  Quart  Journ.  Geol,  Soc,  xxix.  [).  39. 
-  Xature,  Auj^Udt  (1880)  xxii.  p.  400. 
'  W.  Jolly,  Nature,  xxiii.  p.  93. 
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those  of  tbu  eabterQ  tracta  of  tliose  counties,  but  must  be  of  older  date  than  put  of  the 
Llaiideilo  rockd  of  tbo  Lower  Silurian  period.  Sir  B.  MurcliiBon  daowd  them  u 
Cuinbriaii— uii  idcutification  which  tiadsbupport  in  the  lithological  resemblanoe between 
iheae  rtKrki)  ul*  tlic  north-webt  Highlands  aud  much  of  the  Lower  Cambriau  neries  of 
Wales. 

lu  the  bouth-cuat  of  I  r  o  1  a  n  d  mabues  of  purplieh.  red,  and  green  Bhales*  slatea,  grits, 
(juartzitcb,  and  Bcliibts  occupy  u  considerable  area  and  attain  m  depth  of  14,000  ftet 
without  revealing  their  ba^e,  wliile  their  top  is  covored  by  unconformable  formatkus 
(Lower  Silurian  and  T^owcr  Carboniferous).  They  have  yielded  OfcIAamia,  uLiC' 
numerous  burrriws  and  trails  of  auuclidcs  {Uitlioderma  hibernicumf  Areuieoiiitf  didjfmit*, 
A.  ifparsus,  Uawjhtoma  p<ectlaj.  Ko  upper  Cambrian  forms  have  been  met  with  in 
these  Irish  rocks,  which  are  therefore  placed  with  the  Lower  Cambrian,  the  nuconftuni- 
ubility  at  their  top  being  regarded  as  equivalent  to  the  interval  reqaired  for  the 
deposition  of  the  interveuiug  ibrmations  up  to  the  time  of  the  Llandello  rocks,  as  in  the- 
north-west  of  Scotland.  Some  portions  of  the  Irish  Cambrian  series  haye  been  intensdij 
motamorph<fsed.  Thus,  on  the  Howth  coast,  they  appear  as  schists  and  qnartzites; 
in  Wexfurd,  they  pass  into  gncibs  and  granite.  In  West  Galway,  a  vast  mass  of  schistb. 
(£uartzites,  and  limestones  (8000  feet  and  upwards)  jmsscs  up  into  schistose  aDii 
hornblendic,  as  well  as  unaltered  rooks  containing  Llandeilo  fossils.  These  hare  been 
supposed  by  3Ir.  Kinahan  to  be  probably  Cambrian.  Ue  thinks  that  in  south- wortcm 
Cunnaught  there  were  two  periods  of  metamorphism,  one  before,  the  other  after  tk 
accumulation  of  the  Upper  Silurian  rocks.*  According  to  3Ir.  UoU,  the  oldest  purtiomof 
the  Gulwuy  and  Mayo  rocks  (hornblende-schist,  gneiss,  &c.)  are  Archasan,  co>t:ied 
(uncoil formably,  no  doubt)  by  generally  metamorphosed  Lower  Silurian  rocks,  abuve 
which  come  Upper  Silurian  non-metamorphosed  strata.' 

Continental  Europe. — Ac<H)rding  to  the  classification  adopted  by  M.  BamuJi', 
the  fauna  of  the  older  Paheozuic  rocks  of  Enropo  siiggcbts  an  early  division  of  the  aitu 
of  this  continent  into  two  regions  or  provinces, — a  northern  province,  cmbraciog  th»: 
Britibh  I.<:lauds,  and  extending  through  Xorth  Germany  into  SaindlDavia  and  RiusLi. 
and  a  eentral-Kuropean  iiroviricc,  includiDg  Bcihemia,  France,  Spain,  Portugal,  and 
Sardinia. 

Tafssing  from  tlie  Uriti-sh  type  of  the  Cumbrian  dcjiosits,  we  encounter  nowhere  in 
the  northern  ])art  of  the  continent  so  vast  a  <lepth  of  strati  tied  deposits.  Li  central  anJ 
northern  N  o  r  w  a  y  the  Archaian  gneias  is  overlaid  by  reddish  and  grey  sandstones  and 
conglomerates  (Spamgmite),  with  schists,  qnartzites,  and  limehtones  (p.  Gt?6).  Abuvc 
these  r<.>cks,  lies  the  "Primordial  Zone"  (p.  650)  which  appears  everywhere  to  be  chiTM- 
terised  by  great  uniformity  of  lithological  comiK)sition  as  well  as  of  fossil  contents,  Wiug 
conipored  mainly  of  black  thales  with  concretions  or  thin  seauns  of  fetid  limcstoDf. 
Near  Konigbborg  it  is  made  up  of  a  lower  baud  (8  feet)  of  conglomerate,  saudstoue.  juid 
!>chitjt,  followed  by  00  feet  of  black  shales  with  Panidoxides  Tetfini,  F.  nnjnlvt**' 
Aijnofttus  fidliu,  A.  parvijruns,  A,  (jihbns^  A.  inctrtut*.  alx)Vo  which  come  niurc  dork 
ahaleti  (22  feet)  with  Faradoxides  Forrhhammtri,  Atjnosim  Kjendfi^  A.  hrfrifront,  J. 
aruhattut^  Frotospoiuj'm^  &c.  In  the  Cliristiania  district,  there  occur  (1)  a  lower  ^U-^ 
HO  Norwegian  feet  tliiek,  composed  of  conglomerates,  sandstones,  and  dark  shales  witL 
limestone,  and  containing  Faradoxides  Ttitsini  and  /'.  Furchhammin ;  auJ  (2)  ai* 
upi)cr  stage  (150  feet)  composed  of  black  slates  (alum-slates)  and  fetid  limestone,  will" 
Olcnuit,  &c.*     In  Sweden  the  Cambrian  series  comj>rise3  (1)  "  Eophyton  aud  Fuci'iJ 


'  •  tJeology  of  Ireland,'  lS7i< ;  (Ve^o/.  May.  1883,  p.  835. 

•  'Physical  Ueology  iind  Geography  of  Ireland,'  1878. 

-  iJiugger  has  more  recently  grouped  stage  2  into  the  following  live  meUiKfai'' 
Hbccuding  onleriOO  Zone  of  Agno»liu  pUlformh,  OleuHt  tnimotu*:  (Jt)  r,niil^Jifr' 
"idiniUmt  brils:  (•■)  Knrficare  latum  beds;  (tf)  shales  with  Irnnds  and  no^lule-*  i4  liu*^- 
rinnt:  Ptlt'n't  fvtruh«otd€9 ;  («)  Vietyograjtfng  slates  with  Dfctifogrtt^tttf  (Mt/yi'wW' 
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Sttiiddtones  " — bouddtoucs  uud  green  uhule:)  with  Eophytoiiy  Falxoj/hijvue,  and  uuiiierouB 
utLer  somewhat  obttcure  iiuprebdioiiH  {Uefjio  fucoidarum  of  Angel  in),  uud  the  iirst  traced 
of  the  primordial  fauna  {Theca,  Oltohu,  &o.) ;  thicknesd  from  not  more  tlian  50  or  (K)  to 
400  feet.  (2)  *< Poradoxides  Beds" — ^bluck  ulum-HlutcH,  with  un  intercalated  band  of 
liiueiitunes  (Andrarumakalk) ;  united  thicknoBH  only  a  few  feet;  divided  by  Tnllberg, 
in  8cunia,  into  the  followinp^  thirteen  zones  in  ascending  order :  (</)  OleneUus  KJeruffi, 
(/i)  Black  alum  shale,  (c)  Limestone,  (d)  Aijnogtu8  ot<ivu8j  (e)  Cono*:orifphe  exsulaiuf, 
(/)  Microdiscus  Manieusj  ((/)  AgnoKtug  intenncdius^  (A)  Agno9tu«  n-x^  (0  Conocoryjthe 
vqualwj  (fc)  Faratloxidts  Davidis,  (I)  Agaostwi  Lundgrtni,  (m)  ParadoxidtM  Furchhavt- 
mtri,  (n)  Agnwtwt  Ixvujatus.  A  census  of  tlie  Parudoxides  beds  given  by  Linuarsbon  a 
few  years  ago  showed  them  to  contain  44  species  of  trilobites  (of  Aguogtus  alone  ho 
describes  27  species),  one  Leperditia,  tliree  ptetopods  (JThecu),  eleven  bnichiopods  and  a 
•poiige.  (3)  '*  Olenus  schists,"  comprising  the  upper  part  of  the  black  alum-slates  con- 
taining Olenuis,  thickness  not  more  than  40  or  50  feet.  Tliese  beds  in  Scania  are  thus 
subdivided  by  TuUberg  in  ascending  order :  (a)  Unfossiliferous  alum-bliale,  (JO  Aguostm 
pw/orittitf,  (c)  Leperditia  sjk,  (d)  Oleni  sp.j  (<?)  Ctrafopyge  up.,  (/)  Farabdina  ttpiiiU' 
/cwrt,  (g)  Kunjcare  camurkorncy  {K)  Feltura  it**arabxoid€8,  (/)  Cycloguathus  microjtijgutf, 
(A')  l>ietyograptiu  {Dietijonema)  ftahcUiformU,  (I)  Acerocare  ecorne,  A  remarkable  group  of 
primordial  trilobitc.-s  has  been  obtained  from  u  limestone  (Kx8ulan$  zone)  lying  probably 
about  the  horizon  of  the  Teesini  zone  in  Scania.  The  forms  are  for  tlio  most  part 
]iuculiar  to  Sc^indinavia,  and  include  species  of  the  genera  Famdoxide8,  Coiioconjphtj 
LitMUracus,  Selenopleura,  Agnostus,  HyolWicv  (Thecd)^  Liugulellat  and  IMtolellu} 

It  is  uncertain  whether  the  Scandinavian  Cambrian  bories  should  be  regarded  iis 
rupresentiug  the  whole  of  the  enormously  thicker  British  system  or  only  tlio  upper  jMirt 
of  it  Un  tlie  tbrmer  sup^xMition,  we  must  conceive  tliat  while  the  British  area  under- 
went a  subsidence  of  more  than  20,000  feet,  the  Scandinavian  region  did  not  sink  more 
than  about  a  hundredth  jjert  of  that  amount.  Tiie  Cambrian  or  I^rimordial  Silurian  series 
undergoes  considerable  modification  as  it  jjasses  eastwanls,  if  we  are  to  regard  a^  truly 
representative  of  this  part  of  the  geological  record,  the  stnita  which  have  been  so 
named  by  Schmidt  in  the  Baltic  provinces  of  Ilus:iiia.  The  black  slates  so 
eliaracteritttic  in  Scandinavia  thin  away,  and  the  distinctive  i>aradoxidian  and  olenidian 
trilobites  disappear.  A  group  of  strata,  traceable  from  the  S.K.  of  Lake  I^uduga  for  a 
distance  of  about  330  miles  to  near  Baltischport  on  the  Gulf  of  Finhmd,  with  a  visible 
Ihicknesn  of  not  more  than  100  feet  (but  pierced  to  a  depth  of  GOO  feet  more  in 
artesian  wells)  consists  of  three  subdivisions ;  (^0  Blue  clay  comiK)sed  of  a  lower  set  of 
iron-sandstones  (300  feet)  resting  on  granite  and  an  upi>er  blue  clay  (300  feet)  with 
obsourn  fossils  (Fhdywlenitegj  Pander);  (6)  irngulite  grit  (50  to  (JO  feet)  containing 
GMui  ApoUinit  {Ungula,  Eichw.)  Schmidtia  celatu,  &c. ;  (r)  Dictyoitema-tilaiii  with 
lHetyograpiu8  (Dictyoneuia)  fiahtlliformis,^ 

lu  Central  Europe,  Cambrian  rocks  appear  from  un<ler  later  accumulations  in  Ik^lgium 
and  the  north  of  Fmnce,  Spain.  Bohemia,  and  the  I'huringer  Wald.'    The  most  important 

'  For  Scandinavian  Primordial  rocks  and  fossils  consult  Angelin,  '  Puheontologica 
Huecica,'  1851-54.  Kjerulf,  '.Geologic  des  Siid.  und  Mittl.  Norwegeu,'  1880.  Dahll. 
VUhsntk,  SeWc,  Forhandl.  1867.  Jjinnarsson,  i:>reH8h  Vtt.  Ahad.  JJandl,  1870.  iii.  No. 
12  ;  'Cm  Agnostus-Artenia,'  &c.,  Sverigtg  Gtoh  Uuder80h-n.  ser.  C.  No.  42.  1880.  *De 
mdre  Paracloxides  Isgeren  vid  Andrarum/  op.  cif.  ser.  C.  No.  54.  1883;  Geo!.  Mag. 
1869.  p.  393;  1876.  p.  145.  Tullberg,  *  Skanes  Graptoliter,' /S^F^rfV/c*  Geol  VndtrMii. 
ser.  C.  Nos.  50,  55,  (1882,  3);  Z.  Deuttuh.  Geol.  Ge8.  xxxv.  (1883).  p.  223.  W.  C. 
Biiigger.  Nyt.  Mag.  1H76 ;  Geol.  Foren.  i<tockholm  FGrhamll.  1875-76.  *  Die  Silurisi-hen 
Ktagen  2  un<]  3  im  Kristiauia  Gobiet,  1882.*  Lundgren  in  text  to  Angelin*s  Geol.  Mail 
of  Sweden,  .V.  Jahih.  1878.  Lapworth,  Geid.  Mag.  1881,  y.  260.  ^larr,  q.  J.  Geol.  ^'^c. 
xuWii.  (1882)  p.  313.  'Classification  of  the  Cambrian  and  Silurian  Kocks,'  1883. 
pp.  72  1 00. 

-  V,  Schmidt,  Q.  J.  Gtol.  S<h:.  xxxviii.  (1882)  p.  516. 

'  The  Thuringinn  (.'anibrian  area  has  been  fully  described  by  II.  Lorelz,  .Inhrb, 
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iu  Fnnce  anil  B«1giiun  ii  that  of  tlw  Aidennef,  vben  Uw  (riitaiitf  ndn.HBpit 
uuiditoDU,  datea,  and  aohfatoM  qnutitlM  or  qnuti-idilsta  <qiBiti»-pl9llBlH  d 
UumontX  witk  band*  Ot  vitet-Mio,  qnuU-porpliTiT.  disbud  dloritc^  «ad  yimy^nUL 
Accoiding  tu  Dumont  Umm  rook^  oompMhendod  in  hii  '  Ttsnia  Arfeawla.'  mb  li 
gntnped  into  three  great  anbdiTiiiona— lit  and  lomrt  the  "  Bjtitaw  JtnSDlmtT  S^ 
and  greoniah  qnaitaittt  with  ihalea  oi  ph;ll|^  containing  OMfc—fa  nM*  m1 
nnnellde  tube* ;  2nd,  the  "  S;i(^e  Berinleii.''  ph  jUadaa  and  blank  pjMaam  qatUto 
rrom  irbioh  I>ic(yoiie)iia  «oet(iI«,  £i)pft|Fbm  Kkmnummi,  and  -wntBi-bvRowi  ksra  %■■ 
obtained :  Sid,  the  "  8;ittaie  SaJmien,"  otmnatiag  mainly  of  qnattaae  and  ackUw 
utnta  (X  qnaTtzo-phjllBdea,  and  yielding  i«malDi  of  PamdoxidM  ai  ~  "  '  ~ 
UevilUan  and  Rerinian  diiinons  are  nnited  b;  Qoaielet  into  ooa  ■ 
<n)  VMet  elatM  of  Fumay;  (b)  BlaekpTzitoof  ahalea  of  Berin;  (e)  n  _ 
of  Deviile ;  (d)  Blaek  pyritoaa  ahalei  of  Bogoj.  Tbeae  nwka  haw  ben  to  ^mtl 
disturbed  that  their  tame  oidec  of  anocBMion  ij  not  oertainly  prored.  Thejr  an  cototI  . 
iiiioonlbinublj  b j  DsTanian  and  latei  formationa.'  In  the  oorth-weat  of  Fmiee,  •  itif 
tract  of  Falnoioio  n»ki  apreada  thraogh  B  tit  tan  7  and  theweat  of  Normanlr. 
Becent  reaearcfaea  have  thown  that  In  that  r^fion  Ibve  ii  ai^  old  gnria*  with  ufad|h| 
mica-acbialE  foUoved  by  a  nuM  of  what  und  to  be  oalled  "  tiHiHtimi "  abmtai,  ^tUk 
appear  la  contain  representatiTe*  of  Cambrian,  Bilnilan,  and  Deronian  difirfk 
Towards  the  we»t  of  tbia  region,  Uie  g&elaa  and  miotMfaiat  an  — Bteodnd  bf  pMi 
ailby  talcuee-Bcbleta  (pbylladea  do  Donamenei)  and  then  by  100  l«  130  matna  «(  a» 
glomerate  and  red  ahalo.  Theae  atrata,  mnlaii^  (Ksmw,  Ac.,  may  ba  CMnbdan.  Ilqr 
are  followed  by  a  peniitent  gninp  of  white  Madatone  and  ahale  wilk  geetMwi  Vmmit 
COrit  armorieaiH),'  which  may  be  the  baaement  loue  of  the  KlnriMi  ayateia  at  A* 
north-west  of  France.  In  the  ba«n  of  Bennea  conaidBiable  banda  ot  llmpatnwa,  iMf 
limea  magnedan,  together  with  quartiitei,  aonglometatef,  and  gnywackea  ooonr  in  Oa 
great  aeries  of  Cambrian  achiata.  Tiaoka  of  uinelideB  and  imprinta  of  OUBmmla  cMV  i> 
theee  Btiata,  but  no  evidence  of  the  true  Primordial  Zone  with  ita  chanwteriatio  bUeUti 
fanuH  baa  yet  tieen  dieooveted.'  Phyllsdea,  grey  woi-kes,  purple  oonglomemtea,  and  plb 
uoQBtitute  wliat  ia  legatded  an  the  Cambrian  aeries  in  Normandy  and  paaa  np  into  tk 
(irfes  Armoriuaio.  In  tlie  Sarthe,  the  upper  part  of  tlie  aeriea  yields  LinytUa  eraaaaa' 
lu  Ihe  centnil  plntcau  and  likewibe  in  the  Pyroaeea,  aimilar  maiaca  of  unfoaaililiinioa  mki 
are  classed  as  Cambrian.  Id  various  parts  of  Spain,  indictitiona  of  the  pmcnM  it 
C'timbrian  rocka  are  ftiruialied  by  Primordial  faeailH.  In  tlie  province  of  Seville,  Ibe 
higbost  bL-da  have  yielded  ArchieocjiiUhtu,  and  in  tbe  prorinco  of  Cindad  Beak- 
Prijuordial  trilobitcs  iKIliptooephaliu).  But  it  in  in  the  Astariaa  that  tbe  vtd 
abnndantly  fosBiliferona  rocks  of  this  age  occur.     They  are  grouped  by  Banoia  iafai 

(a)  BoliiatH  of  tUvodeo— blue  phyllades  and  green  sobista  and  qnartiitea,  in  all  abdal 
300U  metrea,  and  <b)  Fiuradoxidea  beds  of  La  Yegu  (50  (0  100  melree)  compoaod  cf 
liiueetoncs,  ischists,  iron-orea,  and  thick  beda  of  green  qnartztte.     In  tlic  upper  parltf 

(b)  a  ricli  Primordial  fauna  ocoora,  comprising  a  cyetidean  (TVoobocytfitta  bArttiml 
iind  trilobites  of  tlie  genera  Paradraide*,  '2  specii^a,  CunoeoryjAe  {CouoeepUUm),  > 
species,  and  Arioneltiit,  1  species.' 


JVuM.   Gail.  Lantletaiut,  1881,  p.   175.    The  rocks  cDnsiil  of  plivL 
i)iiurt/jtea,  &e.,  jmsaiug  up  into  SUurion  and  groduatiiii;  into  cryHtatiini  __ 
i|tinrlzites  liave  yielded  gome  not  very  dietinct  foaails  referrcJ  U)  ItarUlia  and 

'  Dewuliiuc.  '  Prodrome  d'line  Description  Gtol.  de  la  Iteleiquc,'  ISOSL  _ 
-  Gt^logiu  (le  la  lielgioiie,'  1880.  GoEselet.  '  Esquisie  (icul.  dn  Nwd  da  li- 
.\<-..'18«0. 

■  Bnrniiij,  Hull.  Soc.  Gtot.  Frum 

'  Trcimctiii  it  Lcbcsconto,  Bt$li.. _, ...  , ^ 

clt.  V.  (1877),  p.  2H7.    Trnmclin,  Anoe.  FranfaUt,  1879,  p.  ■183, 

'  Ouillier.  linll.  A-fl.  Grvl.  Fraiieej(3i  ii.  p.  37*. 

■'■  lliirrois,  .Win.  Sue.  Oiol.  Neri.  U.  (1882)  p.  18' 
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The  dusio  resenroheB  of  Barrande  have  given  to  the  oldest  foHsiliferous  rocks  of 
{obemia  an  extraordinary  interest.  Ho  has  made  known  tlic  existence  there  of  a 
emarkable  suite  of  organic  remains  representative  of  those  which  charucterisc  the 
Sunbrian  rooks  of  Britain.  At  the  base  of  the  geological  formations  of  that  region  lie 
lie  Axchiean  schists  (fitage  A)  already  mentioned.  These  are  overlain  by  vast  masst^s  of 
diifts,  conglomerates,  quartzites.  slates^And  igneous  rocks,  (£tage  B),  which  have  been 
Kxe  or  lesB  metamorphosed,  and  are  singlarly  barren  of  organic  remains,  though  some 
f  tbem  have  yielded  traces  of  annelides  (Arenicolites).  They  pass  up  into  certain  grey 
nd  green  fissile  shales,  in  which  the  earliest  well-marked  fossils  occur.  The  organic 
ontents  of  this  £tage  C  or  Primordial  zone  (300  to  400  metres  thick)  foiin  what 
tamuide  tonus  his  primordial  fauna,  which  contains  40  or  more  si>ecies,  of  which  27 
te  trUobites,  belonging  to  the  characteristic  Cumbrian  genera — Paradoxidet  (12), 
^jgnoUui  (5),  ConoeoryplM  (4),  EUipwcephalm  (2),  UydrocepJialus  (2),  Arionellus  (1), 
ao  (1).  Not  one  of  tliese  geneni,  save  Agiimtui  (of  which  four  species  api)eur  in 
10  BGCond  fauna),  has  been  found  by  Barrande  higher  than  his  Primordial  Zone. 
jnong  other  organisms  in  this  Primordial  fauna,  the  brachiupods  are  represented  by  two 
^ecdes  {Orthis  and  OrhicvXa)^  the  pteropods  by  Hvc  {Theca\  and  the  echinoderms  by 
re  cystideans.  It  is  worthy  of  note  that  the  fossil  contents  of  the  zone  on  the  opposite 
dec  of  the  little  Bohemian  basin  are  not  quite  the  same,  there  being  only  eight 
leoicB  of  irilobites  common  to  both  belts,  while  no  fewer  than  27  species  are  only 
iimd  on  one  or  other  side — a  difference  the  significance  of  which  ought  not  to  be 
wX  Bight  of  when  correlations  arc  made  between  the  older  palicozoic  strata  of  distant 
icalitles.  It  should  also  be  noted  that  the  Olenidian  trilobites  which  characterise  the 
igher  parts  of  the  Scandinavian  Cumbrian  beds  ore  absent  in  Bohemia. 

ISTorth  America. — Bocks  corresponding  in  position  and  in  the  general  cliaracter 
r  their  organic  contents  with  the  Cambrian  formations  of  Kuropo  have  been  recognisod 
i  different  parts  of  the  United  States  and  Canada.  They  appear  in  Newfoundland, 
rhence,  ranging  by  Nova  Scotia  and  New  Brunswick,  they  enter  Canada,  the  northern 
arts  of  New  York,  Vermont,  and  eastern  Massachusetts.  They  rise  again  along  the 
Lppalachian  ridge,  in  Wisconsin,  Minncs(>ta,  Missouri,  Arkansas,  Texas,  and  Georgia. 
Westwards  from  the  great  valley  of  the  aiissisfeii>pi,  where  they  have  been  found  In 
lany  places,  I  hey  reappear  from  under  the  Mesozoic  and  younger  Palwozoio  rooks  of  the 
Uicliy  Mountains,  and  still  further  west  they  have  been  found  in  Nevada  and  adjacent 
zrritories  to  attain  a  great  development,  comprising  more  than  4000  feet  of  limestone, 
nd  U>  contain  a  large  assembhige  of  distinctive  I*iiuiordial  fossils.*  As  developed  in 
tie  eastern  jiart  of  the  continent,  they  have  been  divided  by  American  geologists  into 
iro  formations — (1)  Acadian,  a  moss  (2000  feet)  of  grey  and  dark  shales  and  some 
andstones ;  and  (2)  Potsdam  (or  Georgian),  which  attains  in  Newfoundland  a  depth  of 
600  feet,  but  thins  away  westward  and  southward  till  in  the  valley  of  the  St.  Lawrence, 
rhere  it  was  studic«l  by  Logan  and  his  associates  of  the  Geological  Siurvey  of  Canada, 
;  is  only  from  300  to  600  feet  thick. 

Among  the  organic  remains  of  the  North  American  Cambrian  rooks  fucoid  casts 
ppear  in  many  of  the  sandstones,  but  no  traces  of  higher  vegetation.  The  Acadian 
nmation  has  yielded  i)riraordial  trilobites  of  tho  genera  Taradaxides^  Conocoryphe^ 
\QjM>Btu8t  and  some  others ;  brnchiopods  of  the  genera  LinguMlcL,  Biscina^  OholeUa^ 
nd  Orthis;  and  several  kinds  of  annelide-tracks.  The  Potsdam  rocks  contain  a 
ew  sponge^  early  forms  of  graptolite,  some  brachiopods,  including,  besides  the 
lenera  in  the  Acadian  beds,  Obolus,  Gimarella,  and  Orthisina ;  some  pteropods 
Hyolithct  or  TJuca);  two  species  of  Orthoceras;  unnelide-tracks ;  trilobites  of  tho 
;unera   Conocoryphe,  Agiwitw,   Diheh>cephalu«,  OleneUuH,  riychatpU,   Chariocephalm, 
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AgUufit,  and  JtUsnuruf.  Some  of  the«e  (^uera  ascend  into  the  baaa  of  the  SUutuui 
ijy«lem,  but  AijUupU,  Chariooephalw,  lUxtmrtu,  GieneHw,  I'aradozidet,  Phempltiga^u, 
uiid  Triartkrdla  are  conflned  lo  the  Canibrian  zones. 

China. — 'KiclitbofBD  haa  brought  to  light  a  eucaemKn  of  nndittnrlied  atiata  (hiii 
■  tiitUHUn  formation '),  whiuli  in  I.cBO-tong  and  Coraa  attain  a  Ihickneu  of  mui7  tliamaiHl 
fi'itt.  In  (ho  higiicr  purtx  of  tliiii  wriei  bo  fonnd  a  chamcteriatio  nwowiMage  of  Pfimor- 
dinl  triiobitiii :  Conocarffj^  {CoaocepkaliUi)  {i  ap,),  Aittmocan  (6),  IiiM(raoiM(8X  Awy- 
PII3"  (E*'"-  i>ov>  !)•  Agnotlus  (1).  with  the  brachiopods  LinguUHa  (2)  and  OrOtit  (IX' 

UarruDdc  oalle<l  attention  to  tlic  TOnuitkable  aniformity  of  chuacler  in  the  oiKBiiic 
rvniniuH  of  Uis  primordial  zone  over  the  continents  of  Europe  aud  America.  He 
publisliod  some  yean  ago  tho  Bubjoined  tablo,  to  show  liow  cloee  ia  the  pai&llaliin 
bctircen  tho  proiiortious  in  wliich  the  different  classes  of  the  a&hnal  yingHnm  m 
ropresHiitcd.' 


1.  llDhtluij. 

Ti.  NKH'fuundliiDil      .     . 

G.  New  Bniiowick  .      . 

7.  Xl'W  Viirk       .... 

X.  1lniiii1ri-u(Ahi»»;i<.'hiis,.'llO 


Section  ii.    Silurian. 

;MiiivhiHuii  wan  tliu  first  to  (liauovor  that  the  wi'Cttllo'.l  '■  Traiwitk^  .^lui' 
riiul(M"-  or  " (.Iraiiwackc "  of  oarly  gwilogioal  literature  wurc  wipalK-.^  . 
iif  HiibdiviHiou  into  distinct  formations  cliaraoteriwjd  by  a  pouulit  i^^^ 
iir<Hciii)>lago  of  iirgHnic  i-emaiiiu.  An  lio  found  tliem  to  Lo  woU  develoji^^'l**^ 
ill  tlio  rcgii>u  once  in1iabit«d  by  tho  British  tribe  of  Silnrcx,  ho  ga*^-^*'* 
Ihoin  tilt;  nauif  of  Hilurian.''     Prom  the  base  of  the  Old  lied  Sjaiidstow^*  ■"*^' 

'  Hidithof,-n, 'China.' vol.  ii!.  (ISHi).    W.Damva  comimn-n  this  Chineae  Cambrfi* * ''i"' 
fiiunii  witb  tliat  of  the  Andmnunskalk  of  HcnndinaWn :  op.  ril.  p.  32.     (Anle,  p.  6SS.)  ^C^**' 

>  -TrilobiteB,'  Prague,  1871,  p.  198.  Hinoe  the  pnblicatiou  of  thU  tabla  the  pni({ie-^  fl^ 
of  reaenrcli  has  incroased  the  number  of  Hpecies  from  most  localities ;  but  the  geaer*^^^ 
fiiviea  of  the  primordial  fauna  has  Dot  been  materially  nfTcctoil  Uiori'by.  See  *I-^^^^^ 
'SystcineSilurieii  cle  In  Boheiue,' Supp.  vol,  IH72,  oonlaininR  irhapter  on"RprenTe  i^^^'Z^ 
Ihcorica  piJeonlologiq.uus  [jar  la  realilc,"  and  Brogf^tr's  '  Die  Siluritohen  Ktagen  2  u^r'  ^'^ 
;V  p,  a,  wliere  the  striking  onitbrmity  of  obaracler  of  tlio  Hcaodinavian  Primordial  loa"^"^"" 
is  eiifoR^it. 

*  Phil.  Miy.  ';i)  vii.  (IKI.-.)  |,.  -17. 
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he  was  able  to  trace  his  Silurian  types  of  fossils  into  successively  lower 
zones  of  the  old  "  Grauwacko."  It  was  eventually  found  that  similar 
fossils  characterised  the  older  sedhnentavy  rocks  all  over  tiie  world,  and 
that  the  general  order  of  succession  worked  out  by  Murchison  could 
everywhere  be  recognised.  Hence  the  term  Silurian  has  generally 
been  employed  to  designate  the  rocks  containing  the  first  great  fauna 
of  the  Geological  Kecord. 

§1.     General    Characters 

KocKS. — The  Silurian  system  consists  usually  of  a  massive  series  of 
greywackes,  sandstones,  grits,  shales,  or  slates,  with  occasional  bands  of 
limestone.  The  arenaceous  strata  include  pebbly  grits  and  conglomer- 
ates, which  are  specially  apt  to  occur  at  or  near  any  local  base  of  the 
formation,  where  they  rest  unconformably  on  older  rocks*  (Jccasional 
zones  of  massive  conglomerate  occur,  as  among  the  Llandovery  rocks  of 
Britain.  The  argillaceous  strata  are  in  some  regions  (Livonia,  &c.)  mere 
soft  days :  most  commcmly  they  are  hard  fissile  shales,  but  in  some  areas^ 
(Wales,  &c.),  where  they  have  been  subjected  to  intense  compression, 
they  appear  as  hard  cleaved  slates,  or  even  as  schist  and  gueiss  (Scotland, 
Ireland).  In  Europe,  the  limestones  are,  as  a  rule,  lenticular,  as  in  the 
examples  of  the  Bala,  Aymestry,  and  Dudley  bands,  though  in  the  basin 
of  the  Baltic,  some  of  the  limestones  have  a  greater  continuity.  In 
North  America,  on  the  other  hand,  the  Trenton  limestone  in  the  Lower, 
and  the  Niagara  limestone  in  the  Upper  Silurian  system  are  among  the 
most  persistent  formations  of  the  eastern  United  States  and  Canada,  while 
in  the  Western  Territories  vast  masses  of  Silurian  limestone  constitute 
nearly  the  whole  of  the  system.  Easily  recognisable  bands  in  many 
Silurian  tracts,  especially  in  the  noi*th-wcst  of  Europe,  are  certain  dark 
anthracitic  shales  or  schists,  which,  thougli  sometimes  only  a  few  feet 
thick,  can  be  followed  for  many  leagues.  As  they  usually  contain  much 
deoomposing  iron-disulphidc,  which  produces  an  efflorescence  of  alum, 
tliey  are  known  in  Scandinavia  as  the  alum-schists.  In  Scotland,  they 
are  the  chief  repositories  of  the  Lower  Silurian  graptolites.  Their  black, 
coal-like  asi>ect  has  led  to  much  fruitless  mining  in  them  for  coal.  In 
the  northern  part  of  the  State  of  New  York,  a  series  of  beds  of  red  marl 
with  salt  and  gyjisum  occurs  in  the  Upi)er  Silurian  series,  and  in  the  Salt 
Kange  of  the  Punjaub,  a  group  of  saliferous  strata  behmgs  to  a  still 
older  period.  These  siilt-bcaring  deposits  are  the  oldest  yet  discovered. 
In  Styria  and  Bohemia,  important  beds  of  oolitic  haematite  and  siderite 
are  interstratified  with  the  ordinary  greywackes  and  shales.  Occasion- 
ally sheets  of  various  eruptive  rocks  (felsites,  diabases,  diorites,  &c.) 
occur  contemporaneously  imbedded  in  the  Silurian  rocks  (N.  Wales,  &c.), 
and,  with  their  associated  tuffs,  represent  the  volcanic  ejections  of  the 

time. 

As  a  rule,  Silurian  rocks  have  suffered  from  subse(|uent  geological 
revolutions,  so  that  they  now  appear  inclined,  folde<l,  contort^d^  \vtoVfc\\. 

1  v^  *i 
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uud  cleaved,  sometimes  even  metamorphosed  into  crystallino  schists.    In 
certain  regions,  however  (Basin  of  the  Baltic,  New  York,  &a), 
still  remain  nearly  in  their  original  undisturbed  positions. 

Life. — The  general  as^^ect  of  the  life  of  the  Silurian  period,  so  far 
it  has   been   preserved  to   us,  may  be   gathered  from   the   folloMrin 
summary  published  by  Bigsby  in  1868 — plants  82  species  ;  amorphozo^u.^ 
136;  foraminifera  25;  ccjblenterata   507;   echinodermata  500;  annelid 
154;   cirnpedes   8;   trilobita    1611;   entomostraca   318;   polyzoa  441 
brachiopoda  1650;  nionomyaria  168;  dimyaria  541;   heteropoda   35Ss^ 
gasteropoda  895;    ce2>halopoda    1454;   pisces  37 ;   class    uncertain   1 
total  8897  species.     Barrande  in  1872  published  another  census  in  whi 
some  variations  are  made  in  the  proiK>rtion8  of  this   table,  the 
number  of  species  being  raised  to  10,074,  which  has  subsequently 
still  further  increased. 

Hie  plants  as  yet  recovered  arc  chiefly  fucoids.    In  many  cas 
they   occur   as   mere  impressions,   which    are  often   probably   not 
vegetable  origin  at  all,  but  casts  of  the  trails  or  burrows  of  worn 
Crustacea,  &c.^     Among   the  most  abundant  genera  are  Buthotreph 
Arthrorphycus,  PalfBophyciis,  and  Nematophycus  (Carruth.).      But  in 
Upper  Silurian  rocks  beautifully  preserved   sea-weeds  like   the  li 


li 
1 
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Gelidtum  or  Plocamium  occur,  such  as  the  Chondrites  verishniUs  (Salt)  ^^ 

the  Ludlow  rocks  of  Edinburghshire.     Traces,  however,  of  a  higl^r:   -act 

vegetation  have  been  discovered,  which  are  of  special  interest  as  beic:    -iJ»15 

the  earliest  known  remains  of  a   land-flora.     Many  years  ago 

minute  bodies  found  in  the.  Ludlow  bone-bed  were  regarded  as  lyoo 

diaceous  spore- cases,  but  some  doubt  has  been  cast  on  their  organic 

More  recently,  Dr.  1  licks  has  obtained  from  the  Denbighshire  grits 

N.   Wales  other    spores    and   likewise    dichotomous    stems,   probaln^^^v' 

the 

^bio 

u 

d 

of 

^of 


lycopodiaceous.*-     True  lyco^Mjds  (Saycnand)  have  been  met  with  in  t- 
Upper  Silurian  rocks  of  Bohemia.^    From  the  Clinton  limestone  of  0 
|)ortion   of  a   lei)idodendroid   tree   (Glyptodendron  eatanense)   has 
obtained.     The  Cincinnati  group  of  strata,  at  the  lop  of  the  Lower,  ai 
the  Lower  llolderberg  at  the  top  of  the  Upiwr  Silurian  formations 
eastern  North  America,  have  yielded  a  microcosmical  representation 
the  Carboniferous  flora.     The  genera  noted  include  FsilophyUm^ 
pliycm^  Annularia^  Frotostiyma,  Sigillaria,  SphenophyUum.*  From  the  mm^JB"^^ 
evidence  as  yet  collected,  it  would  appear  that  the  land  of  the  Siluii^i-  -**" 


'  Xathorst  (Kougl.  ScensL  Vet.  Akad,  JTandt,  xviii.  (1881)  haa  imitated  ■omc 
these  markings  by  causing  erustaoea,  annelids,  and  mollusks  to  inove  over  wet 


Alguos  FossIU'h/  1882. 

2  Q.  J.  Geol  Soc.  1881,  p.  482 ;  1882,  pp.  1)7,  1U:J. 

*  The  supposed  fern  (Eopten's  Audtgaveritt)  from  the  slaty  schists  of  Angers  is  p 
huhly  only  a  mineral  crystalDzatiou.  Sai)ortn,  however,  describes  several  species  w* " 
hv  8till  ri'giirdrt  as  true  ])lnntK. 

*  L.  Lesinercux,  Amer.  Jount.  isi.  (:J).  vii.  p.  31;    iVfHJ.  Amer.  Phil,  tkfe,  x 
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period  had  a  cryptogamic  vegetation  in  which  lycopode  and  femB  no 
donbt  played  the  chief  part. 

Id  the  fauna  of  the  Silnrian  rocks,  the  moat  lowly  orgaoisnia  known 
are  foraminifera,  of  which  Kcveral  genera,  inclading  the  still  living 
genna  Safcamminn,  have  been  detected.  Among  these  forme  may 
perhaps  be  included,  the  singular  foasile  described  as  hchadilei; 
Beet^pUuMlilet,  and  Nidi^itei,  of  which  the  true  relations  are  not  jet  well 
nDderatood.  The  Silurian  seas  possessed  representatives  of  the  calcareous 
and  of  the  siliceous  sponges  of  modem  times.  Under  the  former  group 
may  be  placed  the  genus  Arelueoa/aihua  of  the  Lower,  and  the  genera 
AflrtM^ongia  and  Amphupongia  of  the  Upper  Silurian  rocks;  under  the 
latter  group  come  Attylotpongia  and  ProtaehiUevm,  'With  these  fossils 
the  abundant  and  still  donhtfnl  form  StTomatopara  may  Ik;  provisionally 
ranged. 


u 


(i^nptollthuilpiiudcm.  BroDiii  A,  PbTll<«nMiiii  typiv.  lUllir.IMpliigTtpttuirolliiiD.IIIi.: 

'— -   " —    -   ■"* ■--  "niftblwnil,  B«k.i/,  Mimgnplu  {itrtpfplllhiiHl 

k,  Trlrigtiptni  lllckill,  Hnpk. 


Mon'jBT.pli , .._ 

d.  Rulrlm  pMFgrlniH,  lUrr;  i,  DUymiifrMpli 
fipdgwickii,  IViitl. ;  jr,Dli!r«nn)(ripnu ' 


Rome  of  the  most  plentiful  and  characteristic  denizens  of  the  Silurian 
seas  were  undoubtedly  the  various  hydrozoan  genera  united  under  tho 
common  name  of  graptolites  (Fi)j.  322).  Among  the  monoprioniiliau 
forms,  or  those  with  a  fin^n  row  of  cells,  the  genera  Batlnteg  an.l 
Monograpiui  (Orapfoltlhtu)  arc  abundant.  The  diprionidian  forms,  or 
those  with  two  rows  of  cells,  specially  charaetoristio  of  the  lower 
snlxliTision  of  the  Silurian  system,  are  richest  in  genera,  of  whicli  bouk- 
of  tin-  commonest  are  DiplMjrnpfM,  DifUinjrnplut,  Dulgmonrapfiu,  and 
(^inarograplai'.  flraptolit«i  were  formerly  supposed  to  Itelong  exclusively 
toSilnrian  rocks.  It  has  already  been  pointed  out  that  theyoccuriii  the 
Primordial  beds  and  also  in  the  Devonian  system.  Nevertheless  it  was 
in  liower  and  Upper  Silurian  time  that  they  reached  their  maximum 
development. 

Corals  must  have  swarmed  on  those  parts  of  the  Silurian  sca-floor  on 
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which  calcaFeoTiH  aconmnlations  gathered,  for  their  remaioB  are  abundant 
among  th<^  linicfttonos,  particularly  in  the  upper  division  of  the  system. 
Among  the  tahulate  forms  are  the  genera  Farosites^  so  characteristic  iu 
the  Upper  Sihirian  limestones  of  Europe  and  America,  ChseUteM,  M«ia, 
Hal y sites  or  chain  coral,  Syringopora,  and  TctratUum.     The  rugose  conli 
arc  likewise  abundant,  Homo  conspicuous  genera  l>eing  Stauria^  Ctfotkajc- 
nuin,  Cyathophyllumy  Zaphretifis,  Pvtrnia^  Omphyma  (Fig.  i^ST),  Str&mboda, 
rtyehophylJum,   and    Acernihirla   (Fig.    •»27j.      The    cchinc^dorms  were 
represented   by  Htar-fishes  (Paltienster^  Pnlfeasieriiut,  Palwocoma^  Lepid- 
aster),    brittle-stars     (Proiaster,    EHcla<iin),    many    forms    of     orinddK 
(AeftHocrinns,  Gyathoeninis,  Glyptocrtmis,  EuealyptocnnuH,  Tajrocrintu,  AcX 
and  particularly  by  species  of  cystideans  (EchinoffpJiserites^  Sph«ronH», 
PJp.nrocyHtHes,  HemicosmUes).     The  annelides  of  the  Silurian  sca-bottovii 
comprised  representatives  of  both  the  tubicolar  and  errant  orders.    T^ 
th<*  f<u*mer  lielong  the  genera  Conntlifes  (^Ortonia),  ConrJtlcolites^  SerpalittA, 
and  also  the  still  living  genus  Spirorbls.     The  errant  forms  are  known 
chiefly  by  tlieir  burrows  or  trails,  which  ap^Kjar  in  inmiouse  profusion 
nil  the  Huri'aces  of  shales  and  sandstones  (ArenieoUtes,  Chondrites,  Nereit**. 
SeoUthus,  &c.\  but  also  by  their  jaws,  which  occur  in  great  numberB  in 
iha  Wonlock  and  Ludlow  rocks.* 

The  onistacea  of  the  period  have  lx>en  abundantly  preserved  anil 
form  Kome  of  the  most  familiar  and  distinctive  fossils  of  the  system. 
AVithiii  tlio  last  few  years  undoubted  cirri  pedes  have  l)een  found  iu  th** 
Silurian  rocks  of  Britain,  Bohemia,  and  North  America  (Turrilfpa*, 
A II  at  if  apsis).  Small  ostracods  abound  iu  certain  shales,  some  of  tlio 
must  frequent  genera  Inung  Entomis,  Beyrichia,  Priiniiia,  I^penlitln, 
Aristozoe,  Orozoe,  CaUizoe.  The  phyllopods,  which,  as  we  have  necii, 
made  their  appearance  in  Primordial  times,  continue  to  (Hxiur  t»n 
scattered  horizons,  and  generally  not  in  great  numbers,  throughout  tin- 
Lower  and  Upper  Silurian  rocks;  characteristic  genera  are  Cm-yocari*. 
Peltocaris^  Disciiwcaris,  Cerntiocaris,  Dictyocaris,  Cryptocaris,  and  Apt\f- 
chopsis.  But  by  far  the  most  prolific  order  is  that  of  the  trilobite> 
(Fig.  323),  which,  beginning  in  the  Cambrian,  attained  its  maximnm 
development  in  the  Silurian,  waned  in  the  Devonian,  and  lx>came  extinct 
in  the  Carboniferous  period.  According  to  the  census  of  Barrande  in 
1872  there  were  then  1.579  known  species.  A  few  of  the  Primordial 
genera  continued  to  live  on  into  Lower  Silurian  times,  such  as  Clew*. 
Agnosfus,  and  Covocoryphe.  But  many  new  genera  made  their  appearanct 
and  continued  to  live  through  most  of  the  Silurian  period.  In  th«' 
lower  division  of  the  system,  characteristic  genera  are  Asaphns^  Ampkioti, 
AmpyXy  Barramlia,  Cyhele,  Ogygia,  Bemopleu rides,  and  TrinucJetts;  uiflnv 
genera  are  common  to  Inith  the  lower  and  u})per  clivisions  (but  nsnally 
with  sj)ecifio  distinctions),  such  as  Aridaspis,  Calymetie,  CheinmiM,  Em*- 
minis,  Homalouoins,  IJIieuus,  Lichas,  and  Phnrops.  Towards  the  tuj)  <»l 
the  system  eurj'pterids  make  their  apj)earance,  and  continue  to  <-kccnf»y 

\Q.  J.  HiDde,  Q.  ./.  G<r>/.  Sor.  1880,  p.  368 ;  Bninnq.  .Sn/MA.  ^,^  Af:o>l  ffnnA  *i' 
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ft  prominent  place  until  the  Car1>nniferouB  period.     The  Silurian  ^uem 
are  PUrygotw,  Eun/pfitiu,  Slhumia,  8fgl/muriis,  and  Hemitutpiti, 

The  polyzna  nf  Sihiiian  timea  have  >>©eii  tolorahly  well  preBerved,  anil 
present  many  pecoliarities  of  atnictnrc.  One  of  the  most  abundant 
^nera  ia  Fenealella,  which  ranges  from  Lower  Hilnrian  to  I'ermian 
rooks;  another,  PliUiHietga,  ascends  into  the  Carboniferous  system. 
Other  genera  are  Betepora,  PaleKliara,  and  Hl^-pothoa.  So  abundant  are 
the  brachiopods,  and  so  characteriBtio  on  the  whole  are  the  spet-ies  nf 
them  ocourring  in  certain  Uilnrian  zones  or  bandH,  that  these  fomiln 
must  be  regarded  an  of  special  valne  for  purposes  of  strati  graphical 
oomparison.  Barrando  in  1B79  estimated  the  total  number  of  known 
.Silurian  specie^  at  about  ('40,  whereof  two  are  ]>rimi>rdial  fonus,  ]24 


nccnr  in  the  second  fauna  (Lower  Silurian)  and  ■')21  in  the  third  fmiTta 
(Upper  Silurian).^  The  old  and  still  living  genera  Dinrinn,  Livgula, 
iknd  Crania  are  found  on  different  horizons  in  the  Silurian  series. 
Cbaravtoristic  types  are  Acrolrela,  Afrypo,  LfplBma,  MirMi-Iln,  Orlhin, 
Pmtamentt,  PoTambmuUii,  Rhynrhnnelln,  SijAi.notrftn,  Spiriffrn,  Slrielclnn- 
dinia,  Slrophomena,  and  Triplesiit.  Some  of  tJiose  are  particularly  dis- 
tinctive of  certain  zones.  TIiub,  from  the  abnudtmco  of  Pentamfri  in 
them,  certain  strata  received  the  name  of  the  "  Pcntamerus  beds 
(Fig.  326).     OrfhU  in  most  abundant  in  species  in  the  lower  part  of  tho 


■ae  Da^dMn,  Owt  Xag.  1881.  pp.  1, 100, 145, 8f 
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Silmian  Hystom:  RhynehoneUa  and  Spiri/era  oooor  chiefly  in  tfaa'upfw. 
The  lamellibranohB  have  been  lew  abundantly  preaerred ;  Myme  of  Aeir 
most  frequent  genera  are  the  monomyarian  Amhm]fGkia  (Fig.  328)  nd 
Pterinea  and  the  dimyarian  CieHcdoHia^  ModidcpmB^  Ocmkpkora^  OrQmuM 
(Fig.  328),  Oleid€phanui  (Fig.  325),  Palmarca,  and  AcdoiiM  (Fig.  824). 

Of  the  gasteropods  of  the  Silorian  seas  upwards  of  1300  spmea  kaw 
been  named ;  some  of  the  more  fireqnent  genera  are  Acnemliat  C^cfoaaf,' 
Ettamph€iluB,  HeUcotoma^  Hclapeea,  Hohpella^  Mnrekimmia^  Opkileim^ 
nchismaj  Pleurokmaria^  BaphiHoma^  and  8i»imlUe$.    Some  hetowpod 
occurye.g.BeUerophon  and  Madurea;  bntpteropoda  are  moiB  ft«qiieiit»bei^K 
repreeented  sometimes  abundantly  by  the  genera  TaUamKim  (legwM 
by  some  as  an  annelide),  Hy6li^e»  (or  Theca)^  ConfUaria^  aiid  PfervAtet. 
That  the  salt  waters  of  the  Silurian  era  swarmed  with  cephalopoda  naj 
be  inferred  from  the  fact  that  according  to  Barrande's  oeiunis  no  frirer 
than  1622  species  haTC  been  described.    They  are  all  tetiabrandiiata 
Some  of  the  most  abundant  forms  ara  straight  shells^  of  which  OHkwterm 
(Figs.  324,  328)  is  the  type,    lliis  characteristically  PmimmAo  gem 
abounded  in  the  Silurian  period,  when  many  of  its  individnab  attuned 
a  great  size.    Barrande  has  described  upwiurds  of  550  speoiflB  finom  the 
basin  of  Bohemia.    Of  Cffrloemxu^  in  which  the  shell  was  oatred,  Ae 
same  small    area  has  yielded  more  than  330  species.    PhragmMmm 
(Fig.  328)  likewise  possessed  a  curved  shell,  but  with  an  apertue 
contracted  in  the  middle.    In  ABCoceras,  the  shell  was  globular  or 
flask-shaped,  with  curiously  curved  septa ;  in  Liiuitet  (Fig.  328)  it  ms 
curled  like  that  of  Nautilus,    The  two  latter  genera  occur  in  Siluritn 
rocks,  but  while  Lituites  never  outlived  the  Silurian  period,  NamHluM  v 
still  a  living  denizen  of  the  sea. 

The  first  traces  of  vertebrate  life  make  their  appearance  near  the  top 
f)f  the  Silurian  system.  They  consist  of  the  remains  of  fishes,  the  moet 
(leteriinnal>lo  of  wliich  are  the  plates  of  placoderms  (Pteraitpt\  CepkakufU* 
AiichenattpiM).  The  bono-bed  of  the  Ludlow  rocks  has  also  yielded  certain 
curved  spines  {Onchns\  which  have  been  referred  to  a  cestraciont  end 
some  Hhagreen-like  plates  which  have  been  supposed  to  be  scales  of 
placoid  fishes  (Sphagodus,  TJtelodus),  and  bodies  like  jaws  with  teeth 
which  liave  been  regarded  as  jaws  of  fishes  (PJectrodwi).  It  is  probable, 
however,  that  some  at  least  of  these  remains  have  been  incorrectly 
determined,  and  may  belong  to  crustaceans  or  annelides.  The  Upper 
Silurian  rocks  have  yielded,  both  in  Europe  and  North  America,  greet 
numl)evs  of  minute  tooth-like  bodies  which  were  named  "Conodonti'* 
by  tlieir  discoverer,  Pander,  and  were  supposed  to  be  the  teeth  of  such 
fishes  as  the  lamprey,  wliich  possessed  no  other  hard  paiis  for  preserve- 
tion.  These  bodies  have  been  also  referred  to  different  divisions  of  the 
invertebrata,  their  true  position  being  still  matter  of  dispute. 

I'l)  to  the  present  time  no  trace  had  been  detected  of  any  land  animsl** 
f»rSilnrian  age.  Wliile  these  i>agesare  i>R8sing  through  the  press,  however, 
three  sei>arato  announcements  have  almost  simultaneously  been  made 
in  Sweden,  France,  and  Scotland,  of  the  diseover\'  of  remains  of  anwhniii 
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and  iiiMect  life  in  Silurian  rocks.  From  tlio  Upper  Silnriau  strata  of  the 
island  of  Gothland  a  true  scorpion  has  been  discovered,  which  appears  to 
differ  in  no  essential  respect  from  recent  forms,  exe^])t  in  the  walking 
limbs,  which  are  dumpy  in  form,  and  tenninate  in  a  single  claw.  One  of 
the  breathing  stigmata  on  the  second  ventral  scut«  shows  clearly  that 
the  animal  was  an  air-breather.*  Subsequently  a  still  more  perfect 
example  of  the  same  genus  (Pdl^ophonens)  was  described  from  the  Upper 
Silurian  rocks  of  Lesmahagow,  Lanarkshire  (Fig.  328*).  The  presence 
of  a  poison-gland  and  sting  at  the  extremity  of  the  tail  shows  that,  like 
their  modem  representatives,  these  ancient  animak  preyed  on  other 
denizens  of  the  land.  The  discovery  of  these  si>ecimens  thus  lifts  the 
veil  that  has  hitherto  concealed  from  us  all  evidence  of  the  terrestrial 
fauna  of  this  ancient  period  of  geological  liistory.  If  there  were  scorpions 
on  the  land,  there  were  almost  certainly  other  land-animals  on  which  they 
lived.  Mr.  Poach  has  suggested  that  they  may  have  fed  partly  on  marine 
cnurtacean  eggs  left  bare  by  the  tides.^  But  that  insects  alreaily  existed 
has  just  been  made  known  by  the  discovery  of  a  true  insect-iving  in  the 
Lower  Silurian  (probably  Caradoc)  sandstone  of  Jurques,  Calvados.'*  It 
measures  about  1 J  inch  long,  and  is  distinguished  by  the  length  of  the 
anal  nervure  and  the  small  breadth  of  the  axillary*'  area.  It  is  a  primeval 
form  of  Blattu,  and  has  been  named  Palseohlattina.  We  may  be  confi- 
dent that  these  are  not  the  only  relics  of  the  Silurian  terrestrial  fauna 
that  have  been  preserved,  and  we  may  hope  that  still  more  remarkable 
treasures  are  still  to  be  unearthed  from  these  primeval  resting-places. 

§  2.  Local   Development. 

Britain.^ — In  the  typical  area  where  Miirchison's  discoveries  were  first  made,  he 
found  the  Silurian  rocks  divisible  into  two  great  and  we11>marked  series,  which  ho 
termed  Ix>wer  and  Upper.  This  classification  has  I)ecn  found  to  hold  goo<l  over  a  large 
pArt  of  the  world.  The  subjoined  table  shows  the  arrangement  and  nomenclature  of 
the  various  subdivisions  of  the  Silurian  system  :— 

Feet. 
7.  Ludlow  group  .....  1950 
6.  Wenlock  group  .....  1600 
5.  Upper  Llandovery  gri)U[»  .1500 

4.  Ix)wer  Llandovery  group  1000 

«...        ,3.  Bala  and  Caradoc  group  .     6000 

I>>wer  Silurian.  ^   2.  Llandeilo  group  .         ....     2500 

1.  Arenig  or  Stiper  Stone  gronji  4000 

Approximate  average  thickness  =  18,.')r)0 

IjOWEB  SiLUBiAN  Sebies.— 1.  Areulg  or  Stiper  Stone  G r o u p.— These  rocks 
CTDKiat  of  dark  slates,  shales,  flags,  and  bands  of  sandstone.  They  are  abundantly  developed 
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>  G.  Llndstrum,  CJomptes  rend,  xcix.  (1884). 

»  B.  N.  Poach,  Nature,  xxxv.  (188.5)  p.  295. 

»  Ch.  Brongniart,  Comptett  rend.  xcix.  (1884)  p.  1164. 

<  .^-iee  Mnrchiaon's  *  Silurian  SysUtm,'  and  *  Siluria ;  *  Sedgwick's  *  Synopsis '  (cited 
p.  649) ;  Ramsay's-  '*  North  Wales "  in  Memoirs  of  OecH.  Surv.  vol.  iii.  ;  Etheridge, 
Addreu  Q,  J,  OeoL  Soc,  1881 ;  numerous  local  memoirs  in  recent  volumes  of  the  Q.  J. 
Oetii,  See,  and  Geol.  Miuj.,  particularly  by  Hicks,  Ward,  Hughes.  Keeping.  Lapworth.  &c. 
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in  lbeArGii[gniount«iD,nberc.  (uoriginnllr  describnl  by  Redgiriirk.  tluy  inolndenwH 
nf  aKfioria(«<1  iwrphyr}'.  They  enntuia  nn  nbiiudatit  aaito  of  organic  retiuiiu  <6S  genen 
niui  150  Bperite),  of  which  only  eleven  genpm  nnd  siitMn  ipeoiea  are  commoii  to  the 
Tremodoo  beds  brloir,  while  ei^ht  genera  bdJ  nine  apcoic»  pau  up  into  the  next  gmnp. 
Ncv  gencm  of  triloLitoa  niRko  tlicir  appenraace  in  them  rocka  {MgXina,  BanvmdU, 
Calijmear,  llomaJoiioliu,  lllimoptii,  IHmiitui,  J'haeopt,  Plaeoparia,  IWniielnia),  Eight 
■pooiea  of  ptetupoda  (Conularia,  Thr^i),  cighteeu  apcoicn  of  brarhiiqiadi  (JAtgiiU, 
lAngaMUi,  OMeUa,  Viteina,  IHphnmttrrIa,  Orthit),  mx  IniiK-lltbmnolu,  fonr  gaaterapodi, 
and  Are  cephnkipodii  Iiavo  been  fouiul ;  bnt  the  moat  aljimdant  organuma  aie  the 
SraplolitcB,  of  which  tlic  Aruoig  mcka  of  tit.  David's,  in  Pcmbnikc«hii«,  have  yiekM 
forty-two  iqK>dcs,  vrliivh  belong;  to  ciKbteeu  geoeia,  iiicladiDg  Didytnografbu,  Teln- 
•jrnjiltit,  Diplntirapliit,  Jhiulrograpfut,  and  CalhgTxiptu'.^  Thla  anddeD  and  gmk 
■level opmciit  of  tfaeae  or^'aniema  ^tch  n  diatiaetive  aepeot  to  iho  Arenlg  nxka.  Gup- 
toliteH  continno  nbnndant  in  tbo  oTerlying  l^landeilo  group,  ao  that  thej  lona  ii 
Britnin  a  oonTenient  clioractor  bj  irbich  to  mark  off  the  Primonlial  or  Onbrian  fioM 
tlie  Lower  Silurinn  limtia.    Sir  A.  C.  Eainaaj  liclieves  that  in  Xorth  Wale*  than  m  u 


Klj(.  334.— Gnnip  ..I  Ari'iili!  F->--ll'. 

1 .  nril..ivTa- c.irw-l,iw,  llii-kn ;  2,  Ib-llemnhnii  ll.■^nvl^lprBl^  mrke ;  a, Onlil. ciiUhMinlli'. 

J^ili.i.  (.liljiii.'.ll ;  4,  Kfdonla  <a<ii[\ea, Suli. :  B.  rBlniir«  im.vE.liiliii.  Suit. 

iitiTOufirt-mftMe  overlap  of  the  Aienig  njion  the  Tn'miirliy  nml  iildt>r  bnla  ;  bul  in  S'l'' 
Vi'aWn  tlii'r.'  iloen  not.  npiNnr  to  In-  nny  brenk.- 

A  mimrknble  fenlnrc  in  llii'  hiBtory  of  the  Aronig  roeka  in  WbIph  was  the  viiliiii'' 
nclinn  diiritig  their  rormatioti,  whereby  vaat  piles  of  vorifnia  ft-Uitie  or  ihyolitir  kf 
nnd  tufts  wore  erupted  over  the  sen.l)olloin  nnd  intcrritmtilled  with  the  ™ni«-'>- 
porftnermi-ly  dopiiailed  sediments.  Rome  of  ths  inori>  important  Wpbh  nioiiiit''''^ 
niTiBist  miiinly  of  tbe.so  ancient  volmnic  mntcriaL> — Cailer  Idri-",  Ibi'  iraiw.  Anii'l' 
Mumtiiin,  anil  otliers. 

2,  I. laiideilo  Grooi).— These  dark  srgillaeeoiw  and  opcafionnllj  nil''»m>w 
llufrrfomw,  mndatouca,  nnd  shalea  were  first  described  by  Slnrchicon  a»  occornnp  ■'■ 
T,hin<l.'ili>.  in  Camiartlienehire.  Tliey  reappear  near  Mt,  Uiivid'a,  on  the  cmiI  of  ^-la- 
lirokeHhire,  and  at  Bniltli,  in  Badnonhire.  I'p  lo  the  jireant  time  tliej  ban-  yirfJcr 
WO  jjeiiom  and  IT/i  spccieB  of  foaaile.  Of  tlicse,  eij;ht  gcnem  and  nine  ipfeif  •T^ 
(-i.iin..n  I..  Ihe  An  ni^  ''.■d«  below.  38  genera  and  73  apetles  to  the  fsra-Iop  oad  Mi 
ri-li-  nl,ove.  while  Si   genern  and  !I3  piktii'b  nn>  poenliar.     The  liyJmnM  «"■  *"" 


'  1lieka,<2iMry.  Joum,  Ofol,  JHor.  \x\i.  !•'•'.    Hopkinfon  (in J  I^'j-nortli, *■''.!'.« 
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abnndaot  fonn*,  oerUin  daik  BhalM  beiiu;  copioualjr  chttrged  with  grnptolite^.  Of 
enntaoek,  15  apMiea,  belongiDg  to  18  or  !0  genera,  bava  been  obtaioed.  These  inolnde 
rhancterigtiD  trilobites  which  do  not  itxi^  beyond  this  group — Ata^ai  tijranitttt,  Bar- 
raudia  Cordai,  Caipnene  eanJtrttuu,  Cheiranuf  Sed/jtcirkii,  Ogygia  BucJiH,  Trinaclfui 
eoMoilncut,  T  Lhydit,  T  favu  The  phyllopod  FrUoearit  aptyehoida  is  alao  pei^lutr. 
The  bnuhiopods  nomber  .M  ipecies,  including  the  genera  Ar-rolTeta,  Cranio,  Leptmna, 
RiyiMAotirfla,  luid  llrojJiomeiia,  which  here  maku  thtir  fir«t  uppiairnucc.    The  lamelli- 


«t  Csrpiliw  Fqb^K 


Intrnxdi'iu,  Pwidrri  b.  Orthln  lilnunWnals.  McCojr',  c.  Unguis  loniilHliiia.  R 
d,  etrnpluniuiH  gnndli.  Sb;.  1  a,  OrthH  plkM*,  Sby, ;  /,  Orttila  caUlgnnmu.  Didm. ;  g,  CtidIi 
ckti,  SLcCtij-,  h,  THpInU  {!)  mwcayaiii,  Tttv.;  i.  Auyja  (I)  Huilll.  FtlDiiiei  (•);  j,  Airv] 
Rhmlll,  Mm.  i  k.  IHKini  oUunfiu,  [^irtl.  i  I,  AmboriTclito  prfsoa.  Piirtl. ;  ■>.  PiWrci  bl[ili 
Suit.  I  n,  lUiTDdiomlliniini.Silt.;  cClftilupboruxnviilK  McCnv. 


IjmnchH  ore  repreacntiMl  by  six  eperics,  the  gosleropodB  b;  12  (.VureAuniiia,  Cgcloneuia, 
tjozonema),  the  beleropodi  by  ecTon  (BiUeroplion),  the  pteropodi  by  tiro  (Conularia, 
t%#ed),  the  eephabpods  by  teven  (firthoaerat,  Pilocertu,  Eadooeriu). 

3.  Cftradoo   and    Bala   Group. — Under  thii  name  are   plaoed   the  Ibick 
Tello«ish  and  grey  sandstones  of  Oeer  Camdoo  in  Shropshire,  and  the  grey  and  duk 
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>liit<-H,  Kiit.s  niid  samUituiieM  roimil  Bala  in  Merioneiluliire.  In  tho  Sbrop«bire  aien, 
some  nf  thf;  ronkn  arc  po  Hhclly  na  to  become  strongly  oalcarcooB.  In  the  Bala  distriek, 
tho  Ktrata  oontiiin  two  limcstonos  separated  by  a  sandy  and  Hlaty  group  of  roclu  1400  fctt 
t))i('k.  Tho  1o\v(T  or  Bala  limratone  (25  foot  thick)  haR  l)een  traced  as  a  Yflrinble  booJ 
over  II  ]nr<i;o  ar<a  in  North  Wales.*  It  is  usually  identified  with  the  Goni^ton  limestone 
of  tho  AVcHtnioreland  region.  Tiie  np|)cr  or  Himant  limestone  (10  feci)  is  more  load. 
Bun<l8  of  volcanic  tuflf  and  lar<i:o  bodfl  of  various  folsitic  lavas  occur  among  the  BsLn 
})C(1p,  and  prove  tho  contemporaneous  ejection  of  volcanic  products.  These  attain  a 
thicknesii  of  sevcrnl  tliouHuiid  feet  in  the  Snowdon  region. 

A  InrfTC  suite  of  fossils,  including  179  genera  and  G14  species,  has  been  obtained 
from  this  group.    The  sponges  are  represented  by  Sph/erospongia  and  other  genera ;  the 
gmptolites  by  IHitHograj^tn*  pritth,  Monograptut  (GraptoHthfti)  priodon^  M.  Sedgwi^u 
iSco. ;  tho  corals  by  40  species  belonging  to  Heliolite*,  Favofitet,  Montieulipora,  Halfmif*, 
Pelraia,  &c.;  tho  echinoderms  by  encrinites  of  tho  genera  C^hocrinns  and  QUfpiff 
rrinufy  by  no  fewer  than  23  species  of  cystidcans  (Erhinofphierites,  SphmroniU*^  ^.). 
nn<l  by  star-fishes  of  the  genera  Pal/eanU:r  and  StenafUr ;  the  annelides  by  Serpmiik*, 
and  numerous  burrows  and  tracks ;   the  trilobites  by  27  genera,  of  which  the  nio>t 
im])ortant  for  their  stratigraphical  value  are  Arid^jfpis  (8  species),  AmpffX  (6),  Agnf^itt 
(.">),  AMiphu^t  0>).  (\dymene  (8),  Clieirnrw  (6),  Homalonoim  (4),  lllxnun  (IS),  Lichu  (6), 
rharopit  (\iV),  JitymopUnridt-s  (8);   the  ostmcods  by  Beyrhhia,  Lei>erdUta^  Cyikfr^, 
rrimUiti,  and  EntomU;  the  polyzoa  by  FenetteUa,  Glauconome^  and  Ttilodiftya\  tba 
bnvohiopods  by  Atrypa,  Jihifnrhonella,  Leptmna,  OrthU  (41  sjiecies),  Strophom^ma  (19), 
7>/iirinff,  and  Lingttia;  the  lamellibranchs  by  Ctenodonta  (17  spccicsX  OrthmH4a{5l 
^fo^h'olo}^$h  (16),  Pf^riwa  (G),  Ambonychia  (8),  Palxarra  (5);    the  gasteropodi  U 
Miirrhitinnaf  Phurotomnrid,  Baphutomoy  CyclonemOf  Etwmpha1u4t,  and  Holopma;  th^ 
])teropods  by  Teniacufite$,  Conidariaf  Theca  ;  the  heteropotls  by  11  specie*  ^  BeB^n- 
pUon  and  somo  forms  of  Maelnrfa  ;  and  tho  eephalopods  by  47  species  belon^ng  t^  tl^" 
genera  Orthorerfu,  CyrtoreraSj  Liluifefy  &c. 

4 .  Lower  Ij  1  a  n  d  o  v  e  r y  (iron  p. — In  North  Wales,  the  Bala  lieds  about  live 
mih's  S.K.  of  Bala  Lake  begin  t<>  bo  covered  with  grey  grits,  wliioh  gradiuilly  exf>flri<! 
southwards  until  they  attain  a  thickness  of  1000  feet  in  South  Wales.  These  overlyi::,: 
rocks  are  well  di!*play<Hl  near  tho  town  of  Ijlandovery,  where  tliey  «>oritain  souif  c^^- 
^domerat*'  bands,  and  where  Mr.  Avcline  detected  an  uneonformability  lxtwe»n  tinia 
und  Ihr  r«rtla  f^roup  bolow  them,  s^  that  the  subterranean  movements  had  already  KiTJi. 
whifh  in  WaU-s  marked  the  olosc?  of  the  I^wer  Silurian  jH-ri«xl,  Els^-wher*:  thi  y  <*:tixi  ? 
^'ladunte  downwvinl.s  conformably  into  that  group.  They  cover  a  considrriV>Ie  Um^lu 
of  cimntry  in  Cariligau  and  Carmarthenshire,  owing  to  tho  numepMis  und^iati'''i:s  i-V 
\\\\io}\  they  have  bi-en  thrown.  Their  chief  interest  lies  in  the  transition  wLioh  thvy 
present  between  the  fauna  of  the  Lower  an<l  X'pj>er  Silurian  formal i -r.s.  Tik-vhav. 
yielded  in  nil,  lueonling  to  Mr.  Ktlieridge's  census,  08  freuera  and  'J04  3r<^v»-«  -.^f  fjwiX 
whereof  50  genera  and  10.5  species  arc  common  to  the  l^ala  gn-up  Mow.  ar,]  45  g,-ntri 
and  101  s}>eciey  pass  up  into  I'j.per  Llandovery  pcks  aU.'ve.  Somi?  of  th-ir  r»'»ii'!ar 
fossils  nre  yi(Iuh't€>*  Jnrn>',  Men'ttUlhi  rrr/w/i,  M.  rnuinnttjrfim,  avA  .V«>r-'*  C*^'.'*i>r  .T'-.-r'-i*-' 
Anioni?  the  forms  which  come  up  from  the  Bala  group  and  di^ipr^A:  •  -  r;  ar*-  th-  'vraN 
ll'lfolihn  i)tft:r)itin'intt,  I't  train  Kuhdnplirtfta^  an<l  FapKi'/'j*  iMy-.j-'s .-  x'l.^  :r•.I"^.:;•:»  J-i'^'' 
Inxatu^  and  Jllfl'mts  Botrmnnni :  the  brachiopods  (^rthi*  A'^toii^  ari  i  ♦•.  r-wj-'^z.-M :  t^' 
•rasteropods  ^hirvlnnouhi  tpfroftonia  and  Ci/rlojidua  rr*hn'*trt'-t :  ial  th*?  «>-phaI»'P«' 
1  )rtln>rrr<iit  ft  miirinrtum.  lUii  many  of  the  I^ower  Silurian  f-nii*  oc:iaT-»  rn  :iln  lli 
I'jtper  Llandovery  hrds.  From  tho  abundance  of  the  {K^nl'ar  f»r»*h'"»-jfc-*i*  fc^wi 
I'iiifttiii'iUft  in  the  Lower,  hut  still  more  in  the  Upper  Llanilor^rr  r>.x*kaL  tiicw  jCrsti 
were  formerly  groupcnl  together  under  the  name  of  **Pentamenxi  bcdi.**  TlwKi 
th''  •'-ame  si'(?oies  are  f«>nnd  in  both  divisions,  Penfnm^ruM  ^-J'tn.jm  f?  t'hfetfr  disnc 

'  X"du]:ir  huU  ofpho.-^phutj'of  limi.  iiiNMir  lit  tijt    :■  j-     ■  *       r.     =.  1  -rjir-toiic  13  tiK 
Pcrw\ii'. 
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teiistio  of  the  upper  group  and  comparatively  iafrequent  in  the  lowur,  wbiio  aitrich^ 
laudinia  (Pentamerua)  lens  abounds  in  the  lower,  but  appears  more  sparingly  in  tho 
ii]»pcr. 

The  Lower  Hiluriau  rocks,  ty])ically  developed  in  AVales,  extend  over  nearly  the 
whole  of  Britain,  though  largely  buried  under  more  recent  formations.  They  rise  into 
the  Iiilly  tracts  of  Westmoreland  and  G  n  m  b  e  r  1  a  n  d,*  where  they  consist  of  tho 
following  subdivisions  In  descending  order  :— 

(Lower  Llandovery  not  represented). 

ConistoQ  Limestone  and  Shale    .  .  .    —   Ikiia  ImsiIs. 

Vulcanic  series  (green  slates  and  puri>hyrie8)  :|      iPart  of  Hala,  ^^hule  of  Lluuiloilu, 

tuflfs  and  lavas  without  ordinary  8edinien->  =  I     and    porhafM    part   of   Areiiig 

tary  strata  except  at  base,  12,000  ft.        - 1      I     groups. 
Skiddaw  Slates,  10,0(»0  «»r  12,000  ft.,  Iwise)      TAreniK  group,  with  jwrhaps  Tr«- 

not  seen       .  .  .  .  .  •  /     \     nmdoc  slates  and  LiiiguLi  Flags. 

Apart  from  the  massive  intercalation  of  volcanic  rooks,  these  strata  present  con- 
biderable  lithological  and  palseontological  differences  from  tlie  typical  subdivisions  in 
Wales.  The  Bkiddaw  slates  are  black  or  dark-grey,  argillaceous,  and  in  some  beds 
Houdy  rocks,  often  much  cleaved,  though  seldom  yielding  workable  slates,  sometimes 
soft  aiid  black,  like  Carboniferous  shale.  As  a  rule,  they  aro  singularly  unfossiliferous, 
but  in  some  of  their  less  cleaved  and  altere<l  portions,  they  have  yielded  about  40  species 
of  gruptolitcs  (chiefly  of  the  genera  Didymograpliu,  DipliHjraptm^  Dirhograpttn*, 
TtiraijraptiUj  rhyUograptui,  and  Climacograptuti) ;  Luujtila  hri-cw^  traces  of  annelides,  a 
few  tiilobites  (^tjlina,  AgnostuHf  Aeajihua,  &c.),  some  phyllo|XKls  {(Janjocaris),  and 
remains  of  plants  (?)  (Buthotrtphis,  &c.).  In  many  places,  the  slates  liave  been  meta« 
morphosed,  passing  into  chiastolite-s(*hist,  mica-schist,  andalusite-scliist,  &c.,  with  pro- 
trusions of  granite,  syenite,  and  other  crystalline  rocks  (p.  5G!i).  Towards  the  close  of 
the  long  period  represented  by  the  Hkiddaw  »lutes,  volcanic  action  manifested  itself,  first 
by  intermittent  showers  of  ashes  and  streams  of  lava,  which  were  interstratified  with  the 
unlinary  marine  sediment,  and  then  by  a  more  powerful  ami  continuous  series  of 
explosions,  whereby  a  huge  volcanic  mountain  or  group  of  cones  was  piled  up  above  tho 
bea-level.  The  length  of  time  occupieil  by  this  v«ilcanic  epis^nle  in  Cumbrian  geology 
may  be  inferred  from  the  fact  that  all  the  Llandcilo  und  n  lurge  jNirt  of  the  Bala  beds  are 
absent  here.  Tlie  volcanic  island  blowly  sank  int-j  a  sea  wherein  Biila  organisms  flourished. 
Among  these  we  find  such  familiar  Bala  si)ecies  as  FavtmUt  fihrona^  Ueliolites  in- 
lerttinctuit,  CijbtU  verrncosay  Ltptxna  serioay  Orthis  Arioniit,  (),  hf/orata,  O.  caUigrammtt, 
O.  tleganiula.  O,  porcaUt,  and  Strophtmena  rliomhoidalif.  These  organisms  and  their 
asaociatcs,  gathering  on  the  submerged  flanks  of  the  sinking  vf^lcano,  formed  there  a  ))ed 
of  limestjne  (Coniston  limestone)  traceable  for  many  miles  through  the  Westmoreland 
hills,  in  like  manner  ns  the  Bula  limestone,  which  it  probably  represents,  can  be  fol- 
lowed through  the  volcanic  tracts  of  Xorth  Wales.  This  lime-stone  is  covered  by  certain 
flags  and  grits  which,  from  their  organic  remains,  arc  ref«*rre<l  to  the  Upper  Silurian 
series.  Not  fur  to  the  eust,  at  the  base  of  the  great  Pennine  Chcuqnnent,  cont4.'m- 
|Kiraneoufl  volcanic  rocks  in  the  Coniston  series  are  well  develoix-<l.'  But  tin;  enormous 
volcanic  group  of  Westmoreland  and  Cumberland  dies  out  rapidly  in  that  direction,  for 
in  tho  Craven  district  it  is  reprcAcntcd  by  a  great  group  of  sandstones,  grits  and  slati.s 
(often  green),  probably  10,000  feet  thick,  which  passes  up  confonnably  into  the  Coniston 
limmtonr  aeries.'  

•  J.  C.  Waid,  *  Geology  of  tln^  North  Part  of  th*-  Knglish  Lake  DistricU'  ('V'"/'^//''i/ 
Smrmjg  JfeMoirX  1876;  Nichols^jn,  ^KnHuy  on  the  Geology  of  Ciunberland  and  Went- 
jBWWiwnfl,  1868.  Bee  dso  papers  by  Harkness,  Nicholson,  Huglien,  Marr  and  oth'.rs  in 
Q.  jr.  Osrf.  Soc.  and  Geol.  Ma4j. 

•  HarknesH.  Q.  /.  Gtci,  iSoc.  xxi.  (18<m)  p.  2'^. 

•  1IiiL'hi!<.  fr&ol.  Mag,  iv.  (1867)  p.  !HG.  This  area  had  pnviouslv  Uvn  deM.-rib.il  bv 
Bird^wick,  Tnimf.  CM.  tioe,  (2)  iii.  p.  1 ;  and/by  PhilliiM,  Q.  J.  UnA.  ^-.  viii.  p.  ;;o. 
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In  the  south  of  S  c  o  tl  an  d,  oa^rding  to  the  detailed  lescarehes  of  the  GeologinI 
Survey,  tho  Lower  Siluriuu  formuiions  are  reprejientcMl  by  the  subjoiiicxl  groaiid  of  ttmtit 

in  de.s'endiug  onler: — 

Saiidhtout's  aud  cduglonieratcs,  (iirvau  valley  .  .    =  Llandovery. 

t'unjj:loiiu;rates    grits,    >halcs,    and   lenticular    l»an«ls    i»fj 

Inncstuno  (Pci'ljleashire,  Duuitricsshire,  S.W.  Ayrshire),  >=  CaradiK:  or  Ikihi. 

sninetinn'S  *J00o  ft.         .  .  .  .  .  .  | 

(arsphairn  group,  cMarue  i>el»l)ly  grits  and  greywackc,S 

Upper  Ulack  Shah;,  with  graptolitesi,  r>50  ft. 

i.nwther  groujj,  olive,  grey,  and  blue  shales,  aud  Kaud- 

stoues,  4000  It.      ......  . 

l>alvenn  grouiJ,  erevwacke  and  ishale,  with  band  of  tinei       i  ,      ,  .|     ,. ,  ,^^.  „  . 
1  i     -1-;..^  4*  ►=  Llandcilo  (14 J.H^j  ItA 

conglomorati',  ..»-><  K»  It.    .....  .  ^     '  '^ 

Queenabcrry  group,  massive  greywackes  and  grits,  with 

occasi<»ual  conglomerate  Vmnds  and  some  shales.  4500  ft. 
Lower  or  iNloflat  Black  Graptolite  Shale  group,  L'OO-^OO  ft. 
Arilwell    group,  brown    flags,  greywackes,   and   shales, 

sometimes  purplish  ami  re<l ;  base  not  seen  . 

Am  a  whole,  these  Htrnta  arc  singularly  barren  of  organic  remains.     Muist  of  tin 
fiibtiils  which  the  Idandeilo  ^roupH  contain  lie  in  the  Ijanda  of  dark  anthnicitic  rIiaIi 
which  have  been  traced  across  nearly  the  whole  breadth  of  the  couiitiy.     The«c  sbak-ft, 
crowdeil  with  jn^ptolites  of  recojrnisable  Llandeilo  fonus  {Climarttgraiflw^  t*^iiH*enh*. 
Diphnjmptm  prhiU,  and  ii mjMiihuH  mgittariiui  being  particularly  abundantX  vcn 
dei)osited  over  wide  areas  of  sea-bottom.    It  is  remarkable  that  wherever  they  appi^r. 
the  graptolites  come  with  them,  as  if  these  organisms  could  only  flourish  ou  the  bbck 
cnrl>onac(K)us  mud.    The  persistence^  of  the  graptolitic  fauna  is  sliown  by  the  fact  that 
iiuuiy  of  the  same  species  occur  in  the  upper  black  shales  at  a  vertical  distance  of  luon 
than   10,000   feet    alx>ve    the   horizon  of  the  lower  shales  (p.  G20).     Cnutac(?a  tn 
exceedingly  rare,  but  two  phyllopods,  Diifchu^aris  hroicniami  and  Peltt}cnri*  apiffthoi*h'. 
occur ;  while  from  Duflifriesshire   two    obscure   trilobites   nre   ri^ferred   doubtfully  t" 
KnrrinuriifS  and  PhacopM.    The  vast  thickness  of  fcnndy,  gritty,  and  shaly  un fossil ifcp>n? 
strata  i^i  the  distinguishing  feature  of  the  lower  Silurian  series  in  the  south  of  Seotlaml 
Tiio  Caradoc  or  Bala  group  lies  uuconformably  upon  the  upper  parts  of  the  Llandtil" 
rooks.     It  contains,  in  the  eastern  districts,  some  calcareous  conglomerates  whiidi  be^ 
aud  there  swell  out  into  local  masses  of  limestone.     In  the  south-west  of  Ayrshire  tin- 
limestones  attain  considerable  dijuensions.    In  thesi'  (nilcareous  bands,  numerous  Carad»x- 
species  have  been  found,  among  them  Chtirurns  gtlosinttm^y  Enm'nuruif  pttnrtttiif,  »''" 
species  of  lll.i  nut  and  Asaplnn*^  Orthix  ctiJh'gramnut^  (>.  couiiniii,  Lfpfuna  i^riceit,  MorlNffu 
and    such    corals  as    Jlelioh'tii*.    Farottihst    Omphijina^   aud   Strt^phiKh)'.     In   tbc  sini- 
ilirttrii-t,  c<'rtaiii  bliales  and  sandstones  full  of  Carailoc  fossils  are  overlain  with  samlsJciH^. 
shales,   and   conirlomenitOh    containing    rrtifitm'-ru"    ohlomfiit!^    Ainj^ni    fiftni*j*ft'f*'"' 
Mtrt4»Jla  ainimifi/tonx,  Hfrhdn  liLratv^^  Vriraia  rhmgatu,  JN7(f"?/V< "  /"urMit,  and  niriiwnfii 
«'tli.r  ros^ils  which  indicate  the  horizon  of  the  Llandovery  rock:*.' 

In   the  m.rlli-west  liiglilaiids  of  S.'Olland.  Lower  Silurian  ruH-ks  are  fouifl  riwl,  ^ 
Hn!  r«  in;irkaM«;  circumstances  already  <lescribed  (p.  r»74).     They  n-st  une<»nfoniwWy  ^„^ 
n-'d  ((  iinibrian)  sjiiidslniu-  uutl  Arclueon  guci^s.     At  their  bas«'  lies  a  inaw  of  wJJitt  |^^ 
|»ink  \N«  lI-l...Mbl.<l  »|uurtzit«',  composed  of  a  lower  false-bedded  division  with  a  tLiir  ftcy.^^  • 
;it  th«-  l»4tnni,  and  of  an  upper  division  characterised  by  the  abundance  of  annelWe^tu* 
TImh-  «.ii;it!i  are  overlain  with  a  set  of  yellow  and  brown  simles  and  impure drtl^^j^ 
"!uii  tulIntMarkannelide  tnicks  (the  so-calletl  "fnc« -ids"),  above  which  lioj a  t)j,-,j  ^^   - 
r.in:iilvMl.|y  e<.n.>iant  bund  of  eah'are<»us  irrit  ;.nd  iin  -rt/iv  full  *'l'  ri-riuUicf.    I'ho  .   '^^ 

'    III.    lull   rcMdt.-.  ..r  tin.    ^iMilogiCttl  Surv-v   work  aie  Ut-l  ycf  pnl»l«lii««L     |. 
L.ipworth  has  taken  a  very  liifleruut  view  of  thr'-irufinn}  and  siicecaitonofbi",!,  ^^  JJ«f. 
-nitli  f.f  Seotlaiid  :  tj.  ./.  <i*nf,  Si^r.  x\.xlv.  \x\viii  ^' 
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and  moat  important  member  of  the  series  is  a  group  of  limestones  and  dolomites,  some 
of  which  are  highly  fosdliferons.  Though  traces  of  fossils  had  been  obeenred  by 
liacciilloeh  (1819),  it  was  not  until  the  diseoyery  of  a  number  of  recognisable  speci- 
mens, by  Mr.  C.  W.  Peach,  in  the  winter  of  1854-5,  tliat  the  geological  horizon  and 
stzatigraphical  importance  of  these  rocks  was  understood.  Salter,  to  whom  the  tirnt 
series  of  specimens  was  submitted,  declared  his  conviction  that  they  were  uncqui- 
focally  Lower  Silurian,  and  bore  a  remarkable  resemblance  to  a  group  of  fossils 
bom  the  Lower  Silurian  rocks  of  North  Amcricu.  Five  of  the  species  lie  regardc<l 
as  identical  with  known  American  forms  (Orthocera4  arcuolircUum,  Orthit  BtriatuUu 
Ophiltia  compacta,  Murehitonia  graeilU,  M.  beUicineta),  4  as  representative,  3  doubtful, 
and  1  new  genus,  found  also  in  Canada.  "  That  this  truly  North  American  assem- 
blage," he  remarks,  "  should  be  found  in  the  extreme  north  of  Scotland  on  the  same 
parallel  as  the  Canadian, — ^that  species  of  Maclurea  and  liaphUtoma,  resembling  thouc 
of  the  St.  Lawrence  basin,  and  Orthocerata  bearing  large  siphuucles,  like  those  of  North 
America,  Scandinavia,  and  Russia,  should  occur  in  Scotland,  and  yet  bo  scarcely  known 
&rther  south,  is  at  least  suggestive  of  a  geographical  distribution — perhaps  even  of 
cUmatal  conditions — ^not  very  unlike  that  of  *morc  modern  times."  *  Since  the  first 
dJflcoTery,  many  additional  species  have  been  obtained;  the  Geological  Survey,  in 
particular,  having  recently  made  a  large  collection  which  includes  many  new  forms  and 
pkoea  the  Lower  Silurian  age  of  the  rocks  beyond  question. 

The  total  thickness  of  strata  from  the  base  of  the  quartzite  to  the  top  of  tho  lime- 
■tooea  cannot  be  less  than  2000  feet.  The  uppermost  visible  limestones  pass  under 
iwlain  conformable  schists,  which  are  followed  by  various  gneisses  and  flagstones 
lipping  in  the  same  general  easterly  direction.  Until  the  remarkable  structiut)  of  the 
nrnmnd  had  been  mapped,  the  upptirent  upward  succession  from  fossiliferous  limestone 
Qto  crystalline  schists,  which  Murchison  relied  upon,  was  accepted  by  most  geologists 
•  the  true  order  of  sequence.  From  the  evidence  already  adduced,  however  (p.  574), 
;  is  now  ascertained  that  this  apparent  chronological  succession  is  deceptive,  and  that 
^  rocks  overlying  the  limestone  to  the  eastward  have  been  brought  into,  their  present 
CMsitioDs,  and  have  acquired  their  present  schistosity,  as  a  result  of  enormous  terrestrial 
lOYemcnts  subsequent  to  Lower  Silurian  time.  Archaean,  Cambrian  and  Silurian  rocks 
ATe  been  involved  in  these  movements.  It  romains  for  future  research  to  endeavour 
»  determine  the  respective  areas  of  these  rocks  over  the  rest  of  the  Highlands.  That 
large  part  of  that  region  is  occupied  by  metamorphosed  Silurian  rocks  is  almost 
»rtain.  Some  of  the  strata  indeed  are  hardly  more  altered  than  their  probable 
laivaleuts  among  the  Silurian  grey  waoke  and  shale  of  the  southern  uplands.  Tho 
ower  Silurian  rocks  over  the  whole  of  Scothmd  have  )>een  thrown  into  steep  folds, 
le  axea  of  which  run  in  a  general  N.K.  and  S.W.  direction.  In  the  southern  counties 
ley  have  not  been  othen^'ise  much  changed.  In  the  north-west,  also,  whore  thoy  lay 
^iiMt  the  ridge  of  Cambrian  and  Archwan  rocks,  they  have  escaped  serious  alteration. 
iat  immediately  to  the  east  of  that  marginal  tract,  they  have  l)een  involved,  with  still 
kler  masses,  in  intense  but  unequal  regional  metamorphism,  wherein  their  original 
lostic  characters  remain  distinctly  traceable  over  areas  of  many  huDdivds  of  square 
lilefl. 

In  the  south-east  of  Ireland,  grey,  greenish,  and  purple  grits,  ami  groy  and  dark 
tiales  lie  unconformably  upon  the  Cambrian  rocks,  and  contain  a  few  fossils  of  Llandeilo 
go.  They  present  interstratifled  beds  of  tuff  and  felsitic  lavas  indicating  contempo- 
meoua  volcanic  action.  In  the  north-east  of  the  island,  a  broad  belt  of  Lower  Silurian 
oeks  runs  from  the  coast  of  Down  into  the  heart  of  Boscommon  and  Longford.    This 


*  Q.  J.  Geoh  Soc,  XX.  :)81 ;  Miuwhison,  Brit.  Aifgoc,  1855,  Sects,  p.  85 ;  Q.  J.  (JevL  S(h:. 
olf.  XV.  xvi.;  *  Siluria,*  4th  edit.  p.  ItJB;  Niool,  Q.  J,  Geot.SiH:  xiii.  p.  17;  Brit,  Assoc, 
859;  *Geolwyand  Sccnory  of  the  North  of  Scotland,' 186(»;  Murchison  and  Gcikie, 
/  J,  Oeoh  Soc.  xvii.  (18U1);  Hicks,  o/;.  ei/.  xxxiv.  xxxix. ;  Callaway,  op.  cit.  xxxix. 
K  355;  Lapworth,  0*^-01.  ^fm|.  IS8:J,  1S85:  Poach  and  Hornr,  Nature,  xxxi.  pp.  'UK  31. 
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Iielt  ia  evidently  a  prolougktioD  of  llwt  in  the  notbcm  i^laodi  tt  fli  iithai  II  ii 
niMked  by  the  aocnnenae  of  rimllw  daA  uthnBille  dwlM  offided  wlA  p^UiK 
Thu  richeit  fouiliferoui  tocaUtiei  unmg  tlM  Iriah  LowMr  Bifanim  luekB  h«  Cmiitfli 
Cbaii  of  Eildare,  Portrane  nau  DoUIn,  PomenT  in  TTioae,  HtaLUMlIn  is  V 
where  mull  protnuione  of  the  older  raeb  iIm  u  cMaea  unnis  the  ■ 
I'oimatiD&B.  Portlofk  brought  the  matheni  and  waatonlotnlitiM  to  U" 
poiated  ont  that,  while  a  nnrntwi  of  the  trilobitea  (IVAmhIim,  FkaaOft,  thy— Mj 
/Umiu),  as  weU  aa  the  aimple  plated  OrOMm,  L^plmnm,  WtA  iWWjiBWWMMk  w^  ^w) 
BhsUa,  and  many  Ortitoetrvta,  are  ipedflcally  idmtial  with  fliOM  ftiMn  tt*  InU 
OandocandBalabedaof  Shn^iehira  and  Wale8.yet  tbey  cm  "rT*iitinl  with  pMht 
roruu,  fint  discoTered  In  Ireland,  and  TCiy  nra  elaewboM  ia  ths  BtWdi  Iihiji 
Among  tlieae  dtatinotive  fbwlU  he  oited  the  trilobitea,  Bwephnritfaa,  Iff  jwn.  J^Mm,  ] 
nod  Arontnu,  with  urwoth  fornu  of  AMaplut§  (Jiotclw),  vhieli,  though  abandnt  k 
Ireland  and  America,  Iiad  aeldcm  been  fonnd  In  Walea  <a  Wpglwir^  wid  nevcroa  ttc 
ContinoDt. ' 

In  the  north  and  west  of  Ireland,  a  Ivge  are«  ia  oceopicd  bj  ajatMHiBe  nxb 
— gneiM,  Eohiatf,  quartE'iooka,  limealane,  gianfte,  Ao. — which  an  minlBnaHj  a  ew- 
tiuoation  of  tlioee  of  the  Hlghlanda  of  Bootland.  Iliey  nm  Molh-waahmd  fHalhl 
with  the  belt  of  nnaltered  Lower  Bllnrianwcka.  from  whieh,  hi  acme  plweB^—tMUiwUj 
Tyrone,  they  are  only  a  few  mllei  diatuit  The  diatriot  of  PotDan?,  m  liA  In  SOniM 
fOBiile,  may  not  tmiwobaUjr  threw  ftntlMC  light  on  Oto  pnblem  of  the  ^MtaMoipUH 

of  the  Lower  Silurian  Mcks  of  the  BeotUdi  Hl^iluda  and  tl ill il  iif  Imliii 

It  will  be  eeen  fmn  the  erldenoe  fotniihed  h;  the  aectiotu  in  Weat  U^o(p.MQAit 
mctamorphinm  mnat  have  taken  piMa  prior  to  the  depadHMt  of  the  Upper  riliwlii  iwfci 
of  the  west  of  Ireland. 

UiYEB  SiLUBUH  BaBiiis. — ThiaaerieKrfrookaooounintwoTerydiitiiMit  ^rP**!"^ 
Britiah  IsUnd^  Bo  great  indeed  is  the  ooatniBt  between  thoM  type*,  that  it  la  omIjVj 
B,  comparieon  of  organic  lemaina  that  the  whole  has  been  groaped  ln(,iillMi  ai  Ah 
ilepoeits  of  one  geological  period.  In  tho  original  region  deaoribed  ij  MnrAlMa, 
iiudfrom  which  bin  ty]>e  of  thesyBtem  waa  taken,  tho  Btreta  arecmupaiattTdy 'ati*'^ 
uutt  unaltered,  conueting  niainly  of  eotnewhet  incoherent  eandy  tnoditone  Mtd  dale, 
with  acc«aionul  benda  of  limestone.  But  aa  these  rocks  uu  followed  into  Horlh  WiImi 
tliey  Bto  found  to  swell  out  into  a  viut  eeries  of  grits  and  sludea,  eo  like  pmtione  of  lb* 
hard  altered  Lower  Silnrian  rocki  that,  save  for  the  evidence  of  foeaUa,  Ihey  weeM 
nuluntlly  bu  grouped  as  part  of  thut  more  auciont  scrlos.  In  Westmoreland  tad 
Cumberland,  and  still  further  north  iu  the  border  counties  of  Scotland,  alao  in  the  awtt- 
west  of  IrelaQd,  it  is  the  North  Welsh  type  which  preniila,  so  that  in  Britain  the  piwl 
1  ithologicnl  oharacteni  and  minute  palieontologlcal  subdivtidotjs,  ascertained  in  the  eriginil 
Siluriitn  district,  are  almost  conflnsd  to  that  limited  region,  while  over  the  nat  ef  Um 
British  area  for  hundreds  ofsquore  miles  the  liard  sandy  end  sbaly  type  of  North  Watai 
is  prevatent. 

Taking  flrst  the  original  tract  of  B  i  1  u  r  i  a  (W.  Euglaud  and  E.  and  6.E.  Wale*].  M 
(iud  a  decided  UUconfotmability  tiejHirdliiig  tliol-nni-r  from  tiic  r|i|ii:T  Silurian  dipmit* 
In  some  places,  the  latter  slpid  acroAs  Hie  edges  of  tlio  fonQer.  gi^-u)!  jiflFir  ezvop,  IJI 
tliey  lie  diioctly  ui>oti  tho  Cambrian  rocks.      ludeeil,  in  oou   ilistrirt    bclwcpn  tin 
Ix<]i{piiynd  and  Wcninck  Edge,  the  base  of  the  Uj>]iei  .Silurian  iocIdi  1«  found  wtUil*  ■ 
r<'w  miles  to  pasH  from  the  Carndov  group  nenus  to  tho  Lower  Caubriiui  locth    II  " 
uvideut,  thcrcToic,  thut  in  (be  Wolsb   rt^-inn  \cty  ^tlhI  disIutluiK'u   ii[v: 
iliTMuliilioii  preceded  tlic  (.■oumicnccmout  of  Ibo  depositiou  of  the  Upjicr  s^ 
As  Sir  A.  (.'.  Itaiiifiiy  liiis  pointed  out,  tlio  unui  of  Wales,  previously  «»<  r< 
llioiii;b  bIniHow  liuii,  was ridgoil  ii|Mnlo  a  aeries  of  fsliuull. rouDil  l\w  i».- 
llif  i,'0ugl"iiitriilt3  nt  the  Imse  uf  llio  Upjier  t-ilufinii  SLwiwIwcei'  '■•'■■ 
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took  plaoo  during  a  time  of  snbmeigencc,  for  these  conglomcratio  and  sandy  strata  are 
found  creeping  up  the  slopes  and  even  capping  some  of  the  Iiills,  as  at  Bogmine,  where 
they  reach  a  Iieight  of  1150  feet  above  the  sea.*  The  subeidcnee  probably  oontinnod 
during  the  whole  of  the  interval  occnpied  by  the  deposition  of  the  Upper  Silurian  strata, 
which  were  thus  piled  to  a  depth  of  from  3000  to  5000  feet  over  tlie  disturbed  and 
denuded  platform  of  Lower  Silurian  rocks. 

Arranged  in  tabular  form,  the  subdivisions  of  the  Upper  Silurian  rocks  of  Wales  and 
the  adjoining  counties  of  England  are  in  descending  order  as  follows : — 

Base  of  Old  Red  Sandatone. 

ITilestones. 
Dpp«r  Ludlow  Rock, 
Aymestry  Limestone. 
Lower  Ludlow  Rock. 

IWenlock  or  Dudley  Limcstoue                    A     /  rv    i  •  l  ^ 
Wenlock  Shale      .         .         .         .         •  LP*g '-fi'V" 
Woolhope  or  Ban  Limestone  and  Shale     .1     i„    .u  w  i 
Tarannon  Shale J     (North  Wales. 

1.  Upper  LlMido-  \^     j,  „  g,„j,t„„„_ 
very  group.      /     ^  ^«iiuoi,vuw. 

Lower  ^lurian.  Lower  Llandovery  Rocks. 

1.  Upper  Llandovery  Gron  p.— (Afay  ITiU  Sandstonci), — The  position  of  these 
locks  as  the  true  base  of  the  Upper  Silurian  grou];)s  was  first  shown  in  1858  by  Sedgwick, 
who  named  them  the  May  Hill  Sandstones  from  the  locality  in  Gloucestershire  where 
they  are  so  well  displayed.  Appearing  on  the  const  of  Pembrokeshire  at  Marloes  Bay, 
th^  range  across  South  Wales  until  they  are  overlapped  by  the  Old  Red  Sandstone. 
They  emerge  again  in  Garmartlienshire,  and  trend  north-eastward  as  a  narrow  strip  at 
the  base  of  the  Upper  Silurian  series,  from  a  few  feet  to  1000  feet  or  more  in  thickness,  as 
Hx  as  the  Longmynd,  where,  as  a  marked  conglomerato  wrapping  round  that  ancient 
Oambrian  ridge,  they  disappear.  In  the  course  of  this  long  tract  they  pass  snocesnvely 
and  unoonformably  over  liower  Llandovery,  Caradoo,  Llandcilo,  and  Cambrian  rooks. 
They  consist  of  yellow  and  brown  ferruginous  sandstones,  often  full  of  shells,  which  are 
apt  to  weather  out  and  leave  casts.  Their  lower  parts  are  commonly  conglomeratic,  the 
pebbles  being  largely  derived  from  older  parts  of  the  Silurian  system.  Here  and  there, 
where  the  organic  remains  become  extraordinarily  abundant,  the  strata  pass  into  a  kind 
of  sandy  limestone,  known  as  the  'Tentamcnis  limestone."  from  Uie  nnmbers  of  this 
brachiopod  contained  in  it  The  fossils  found  in  the  May  Hill  Sandstones  number  91 
genera  and  261  species,  of  which  only  1.36  species  are  confined  to  this  group. 

Among  the  fossils  are  some  traces  of  fiicoids :  spongi^s  (Cliona,  a  burrowing  form  like 
the  modem  Cliona) ;  the  widely-ditfused  Monofjraptus  (jOraptolithni)  priodon ;  a  number 
of  corals  (Pcfraia^  IlelioUtet^  Favorite*,  Ilnhjsite^,  Syriugoporfiy  &c.) ;  a  few  crinoids  and 
the  earliest  known  sea-urchins  (^Fahechinus) ;  tho  genus  TentacuUteB  is  particularly 
abundant ;  a  number  of  trilobites,  of  which  PJiacops  Stoltesii^  P.  Weaver ii  Encrinurus 
piMcfattM,  Cahjmene  Blumenbarhii\  Proetut  Sioliesiiy  and  Hhnnus  Thonuoni  aro  common  ; 
muneroos  braehiopods,  as  Atrtjpa  h^rnhphf^ricay  A.  relindarU,  Pentam*:ru9  ofiUmgut, 
BtrkikUmdinia  UratOy  8.  lenty  I/epUrna  tran^vermli^y  Orthis  caUigramma^  O.  ehgtintula, 
01  rewrto,  Strophomena  eompretsaj  S.  pecten,  and  LinguJa  paraJhla  ;  lamcUibranclis  of 
fibs  Vjtiloid  genera  OHhonota^  Mytiluf,  and  ModitHopt^U^  with  forms  of  Plt-rim.a^ 
QM&Rfa,ind£fro(Zeraia;  gastoropods,  particularly  the  genera  Arronilia,  Jiaphitioma, 
PUmnkmoHOj  (h/eUmema^  HolopeUa;  heteropods,  cKjK'cinUy  tlie  sjA-^'ies 
Utittivt,  B,  IrilnfjahiBf  und  B.  carinatuA;  and  cephaloj^otls,  diiefly  Oriho' 
fimns  of  Actino€€raM^  Cyrtocenu,  Trftoerras,  and  Phragunj^truj',  and 
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2.  Weulook  OroBp.— ThlaialleofitntBliMladMthaUi8Ht>H*<ra«fani 
IJppu  Silnriui  fluma  of  Britain)  u  It  hu  jiAitA  no  Caww  A*a  IM  fgmm^iak 
B90  ipedn.    In  the  tjirfMl  Bihirlui  amt  of  Hdtoliiwn,  It  aanriata  «f  t«»  Itaotat 

bud*  (Woolhop*  wd  WaoloA),  Mpuated  by  »  tiiidk ■  ----'i  [TTmIbiI  iiij^ 

The  following  •ob-giDapi  in  Mwnding  (Kdar  ue  MeogBiMd  >— 

(a)  Tarrannim  5hal«.— Abors  the  Upper  LUndoTeiT  btte  odhm  ft  ^wjrpMlMi 
Undof  floe,  ■DoDlh,  Sght  gny  or  bla» abtaa,  whiidt  hu Iimb  tnoad  Bmb  IkaHiA 
ot  the  0<min>7  into  Oumaiflwiiihire.  Tbew  toekn,  tenMd  ilw  *  |llill  !■>'  % 
Sedgwiok,  IikTe  on  extreme  thickneM  cX  1000  to  ISOO  feet.    Poor  t&  a^ 


■iTsaSk;, 


tlicir  chief  inlt-rcst  lies  in  the  fact  Ibnl   tlie  pcmsk'Dce  of  so  Ihick  a 
iHjtwoen  what  were  supposed   to   he  conlinuoug  and  confornuble  fl 
have  bofTi  unrecogiiisecl  until  it  was  ]>roved  by  Uio  (IriaJIed  niaiifii 
Starvcy. 

('j)  Woolhopt  £t'nw«lowe.— In  Itieoriginol  tjpical  Upper  Sili' 
tiiid  tlje  odjjciut  counties,  the  Upper  Llnodoierj  rwki  bm  fi  ■ 
RrcT  ehnlea  cnutaiiiing  noilular  liracBlonf,  "'vi^li   l"-'»  u"''  'i 
hnvingan  Bggregato  thicknoieofaOor  m  r     '       i'     -      •   . 
picturefMiHB  valley  ot  Woolhope  in  Her'f.i.; 
ilome  of  Upper  Silnrian  ttralt,  ri*lug  iu  il,.  ■ 
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■k»e.  Tbaj  are  mma  likewlM  to  Ihe  north'Weet,  at  FreateigQ,  Nash  Scar,  and  Old 
BadiMir  In  BMlrunhire,  and  to  the  eeat  and  aontb,  in  the  Maiveni  Hilla  (where  they 
Inolnda  a  gieat  thiofcnsM  of  ahale  below  the  limeatoiie),  and  Hity  Hill  in  Glonociter- 
ahin.  ThcM  rtrata  haTe  yielded  muny  eharacteriBticall;  Upper  Silurian  fowila,  ioclnd- 
ing  18  genan  and  24  ipeciwof  oruitooeaaad  17  genera  and  56  speaies  of  braehiopodi. 
Among  thaoommoafbim*  ma;  be  inentionod  lOanut  (BwaaittuibarneatU,  HomaVmetui 
tfa^fwMMpkallM,  Fkatnpi  eattdaiat,  Atrypa  rettrntlaru,  Orihit  ealiigramma,  Strophomtna 
iaibnx,  BkfneltDHMa  bonalU,  B.  WiUoni,  Baomphalut  tculpliu,  Orlhacerag  annWafurn. 

It  ia  a  foature  of  the  older  Palooioio  limestooea  to  ooour  in  a  verj  lentioalar  fbrm, 
awelling  in  loina  plaoei  to  a  great  thickneas  and  rapidly  dying  out,  to  reappear  again 
periiapa  aome  milea  away  with  iucreaaed  proportions.    ThU  local  character  U  well 


Ttg.  an.— Uppf  r  ailurliD  Conli  ud  CrtLiUrciiu. 

a      Aomlulk  uunu.  Linn.;  b,  Ptjchophjllnn]  palrllilnm.  Sctilolh.  ((J;  i,  Om|Ajdu  tncMiutniB. 
'     Ltno.  (1)1  d,  IWral*  Nn*.  Lom. ;  e.  Cfcimtl^arti  paplllo.  Silt.  (1)  i  /,  lloimlunMiMdslphliimpbij™, 
aniB(Oif.C]rp)uqrUBe|ilop*.  UcCuri  h,  ?lwi^l)i>Hniiiglie,lIiu';b. 

«shibftod  by  the  Woolbope  limealone.  Where  it  duappean,  the  nhaloa  DDdcrDe«tb  and 
inten*]ated  with  it  join  on  oontinuaualy  to  the  overlying  Wenlock  shale,  and  no  line 
Tnt  the  Woolbope  iab-gronp  can  then  be  sattsraclorily  drawn.  Tho  same  disoontiniiity 
is  atiihingly  traceable  in  the  Wenlock  limestone,  to  be  immediately  referred  to. 

(o>  TTtnlooJc  8haU.—Tii\M  lub-group  consiita  of  grey  and  black  shales,  traceable  from 
Uia  banks  of  the  Serera  near  Ooilbrook  Dile  across  Radnorabiro  to  near  Oarmarthm 

s  distance  of  abont  90  miles.    The  same  strata  reappear  iu  tho  pTotroiions  of  Upper 

Bilnrian  rocks  which  ridO  out  of  the  Old  Red  Bandstono  pkins  of  Gloucestershire, 
HweTocdihire,  and  Monmouthsliire.  In  the  Malvern  Hills,  lljcy  were  eitimBted  by 
Frofeamr  Phillips  to  reach  a  thickness  of  640  feet,  but  towarls  tlie  north  they  thicken 
oat  to  1000  or  eTcn  1100  feet.    On  the  whole,  the  fotsils  are  identical  with  tboee  of  the 

2x2 


mlUiu,  MtOor  (t)i  I 


I,  fhj.  (l>t  <<■  Onboccni  u 
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ifBrljing  limestone.  The  corals,  however,  bo  abundant  in  that  rock,  are  here  com* 
MiatiTely  rare.  The  braohiopods  (Lingula^  Leptxna^  Orthis,  StropJiomena,  Atrypa, 
WkfrnskondtOy  Spin/era)  are  generally  of  small  Bize—Orthis  hiloba,  O.  kyhrida,  and  the 
nge  flat  O.  nutica  being  oharacteristio.^  Of  the  higher  moUusca,  thin-shelled  forms 
if  OrikoctroM  are  specially  abundant.  Among  the  trilobltes,  Encrinurus  punetcUua^ 
K  wwudaris^  Calymene  BlumenbacfUi,  0.  tuherculasa,  Phacops  eaudatu8f  and  P.  longi- 
wmdahu  are  common.  The  Monograptus  (firaptolilhwt)  priodon,  so  fiKsquent  among 
he  Bala  beds  of  the  Lower  Silurian  series,  also  occurs  in  the  Wenlock  sbale ;  while 
IL  (jChnplolUkus)  Flemingii  is  here  a  characteristic  species. 

(d)  Wenlock  Limestone. — ^This  is  a  thick-bedded,  sometimes  flaggy,  usually  more  or 
OH  oonoretionary  limestone,  grey  or  pale  pink,  often  highly  crystalline,  occurring  in 
ome  places  as  a  single  massiye  bod,  in  others  as  two  or  more  strata  separated  by  grey 
halee^  the  whole  forming  a  thickness  of  rock  ranging  from  100  to  300  feci  As  its 
uune  denotes,  this  zone  is  typically  deyeloped  along  Wenlock  Edge  in  Shropshire,  where 
t  runs  as  a  prominent  ridge  for  fcdly  20  miles ;  also  between  Aymestry  and  Ludlow.  It 
Ikewise  appears  at  the  detached  areas  of  Upper  Silurian  strata  above  referred  to,  being 
pedally  well  seen  near  Dudley  (whence  it  is  often  spoken  of  as  the  Dudley  limestone), 
^oolhope,Halyem,  May  Hill,  and  Usk  in  Monmouthshire. 

A  distinguishing  characteristic  of  the  Wenlock  limestone  is  the  abundance  and 
ariety  of  its  corals,  of  which  no  fewer  than  25  genera  and  76  species  have  been  de- 
cribed,  41  species  being  peculiar  to  the  Wenlock  group.  The  rock  seems,  indeed, 
0  have  been  formed  in  part  by  massive  sheets  and  bunches  of  coral.  Characteristic 
pedes  are  Halysites  catenulariaj  Ueliolites  interstinctus^  H.  tubulatu8f  Alveolites 
'jdbeeheit  Favorites  asperay  F,  fibrose^  F.  gotlandica,  GoBnites  juniperimu^  Syringopora 
QMeieuUais^  and  Omphyma  turhinatum.  The  criuoids  are  alsj  specially  abun  lant,  and 
fton  beautifully  preserved ;  20  genera  make  their  first  appearance  in  the  Wenlock 
TOiip,  and  17  are  confined  to  it,  among  the  65  species  which  have  been  named, 
^erieohocrinus  moniliformis  is  one  of  the  most  frequent;  others  being  Crotalocrinus 
ufosus,  Cyathoerinus  goniodactylust  and  Marsupiocrinus  cxlatus.  Several  cystideans 
SCUT,  of  which  one  is  Pseudocrinites  quadrifasciatus.  The  annelides  number  34  species. 
be  crustaceans  include  numerous  trilobites,  among  which  we  miss  some  of  the  per- 
itent  Lower  Silurian  genera,  such  as  Asaphus,  Ogygia,  and  Trinwletts,  none  of  which 
oend  into  the  Wenlock  group.  The  most  abundant  trilobite  is  the  long-lived  CaXymene 
lumeribaehiij  which  ranges  from  the  Llandcilo  flags  up  to  near  the  top  of  the  Upper 
larian  formations.  It  occurs  abundantly  at  Dudley,  where  it  received  the  name  of 
e  •*  Dudley  Locust."  Other  common  forms  are  Encrinurus  punctcUus,  E.  variolaris^ 
iaeops  caudatus,  P.  Downingix,  P.  Stokesii,  IWenwi  (Buinastus)  harriensis,  Homalono- 
$  cUlphinocephalus^  and  Cheirurus  himucronalus.    One  of  the  most  remarkable  features 

the  crustacean  fauna  is  the  flrst  appearance  of  the  mcrostoinata,  which  are  repre- 
dted  by  Eurypterus  pundatus,  Ilemiaspis  horridusj  and  Pterygotus  prdblematicus.  The 
achiopods  continue  to  bo  abundant,  21  genera  and  96  species  having  up  to  this  time 
en  enumerated;  among  typical  species  may  be  noted  Atrypa  reticularis,  Meristella 
midOy  Spirifera  elecata,  S.  plicatella,  RhynchoneUa  horealis  (very  common),  R.  ctineato, 

Wilsoni,  Orthis  elegantulaj  O.  hyhridat  Strophomena  rhomiboidalis,  and  Pentamerus 
[leaius.  The  lameliibranchs  are  represented  by  43  species;  among  these,  several 
Bcies  of  Pterinea,  Cardiola,  and  Cucullella  are  abundant,  with  Grammysia  cingulata, 
id  some  species  of  Modiolopsis  and  Ctenodonta,    The  gasteropods  ore  marked  by  species 


'  As  an  example  of  the  small  size  but  extraordinary  abundance  of  brachiopods  in 
\b  formation  reference  may  be  made  to  the  fact  that  a  cartload  of  the  shale  from 
aildwas  was  found  by  c;ireful  washing  to  contain  no  fewer  than  4300  specimens  of  one 
leeies  {Orthis  hiloha),  besides  a  much  gn*eater  bulk  of  other  brachiopods,  amounting  to- 
9ther  to  10,000  specimens  at  U^ast ;  while  from  seven  tons  weight  of  the  shale  at  least 
S,000  specimens  of  Orthis  biloha  were  obtalncl. — Davidson  and  Maw,  Gf.>ol,  Mag,  1881, 
.101. 
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of  Euomphalutt,  AfurchiHmia,  HciopeUa,  Pleurotomaria^  AeroevXiOj  Oyelcmetm.  Th* 
cephalopo4l8  arc  confined  to  five  genore,  Lituites,  Aetinoeera$,  CfrtoecroA,  Orthisetru, 
and  Phragmoceras ;  of  these  the  orthoceratites  are  by  far  the  moat  abimdant  botii  in 
Hi)ecies  nnd  individuals,  OrthoeeroB  annulatum  being  the  most  common  fonn.  Thf 
pteiY>podd  api  otir  in  the  beautiful  and  abundant  Conularia  Sowerhyi^  and  the  hetoo- 
podu  in  the  common  and  charactcristio  Bellerophon  vfenloehentUn 

3.  LudlowGrou  p.— Tliis  series  of  strata  conaists  eaeentially  of  shales,  with  oooMin*- 
ally  a  calcareous  bend  in  the  middle.  It  graduates  downward  into  the  Wenloek  groof^ 
so  that  when  the  Wenlook  limestone  disappears,  the  Wenloek  and  Ludlow  shales  tea 
one  continnous  urgillaceous  formation,  as  they  do  where  they  sltretch  to  the  wratk-vMl 
through  Brecon  and  Carmarthen.  The  Ludlow  rocks,  typically  Been  between  Lndkv 
and  Aymostry,  nppear  likewise  at  the  detached  Silurian  areas  from  Dudley  to  the  1110B& 
of  the  Severn.*  They  were  arranged  by  Murchifon  in  three  sub-groapa.  Their  knovi 
fauna  numbers  nearly  400  species,  of  which  129  are  also  found  in  the  Wenloek 
group. 

(o)  Loicer  Ludloxo  PocAr.— This  sub-group  consists  of  soft  dark-grey  to  pale  greeniib- 
brown  or  olive  sandy  shales,  often  with  calcareous  concretions.  Much  of  the  rock,  howpfcr, 
presents  e«  little  fissile  structure  as  to  get  the  name  of  mudstone,  weathering  oat  into 
concretions  which  fall  to  angular  fmgments  as  the  rock  cmmblos  down.  It  beoomet 
more  sandy  and  liaggy  towards  the  top.  From  the  softness  of  the  shales,  this  aonf  of 
rock  has  lx)en  extensively  denuded,  and  the  Wenloek  limestone  rises  up  boldly  froa 
under  it. 

An  abundant  suite  of  fossils  has  been  yielded  by  these  shales.    Eight  species  of  itir- 
fishes,  belonging  to  the  genera  ProtafUr  (like  the  brittle-stars  of  the  British  seal). 
Palteodifcus,  nnd  Palseocoma.    A  few  gmptolites  (eight  species  belonfi:ing  to  Jf«M- 
grapitts  or  Grnjttolilhw)  occur,  particularly  the  p>crsistent  Monograptut  {Graptelitkm) 
priotion  (common),  M.  colonus,  and   3f.  Flemingii.     A   ftw  corals  occur  in  the  Lower 
Ludlow  rock,  (ill  o{  species  that  had  already  appeared  in  the  Wenloek  limestcme,  bat  the 
conditions  of  deposit  were  evidently  unfavourable  for  their  growth.     The  trilnbites  iif 
less  nnnuToiis  than  in  older  lx?d8  ;  they  include  the  venerable  Cnlymene  Blumeu^'Ocku: 
nlso  Phacops  cauflattif,  nnd  its  still  longer-tailed  variety  P.  longicaudatwt,  AMvpi* 
Bri(fhth\  llomalonoin^  delphinocephahuy  nnd   Cyphnfjus  megalopf.     But  other  fonni  of 
cru8tac4on  life  occur  in  some  number.    As  the  trilobites  began   to  wane,  nnmcprai 
phyllopods  appear,  the   genus  Ckraiiocari$  being  roprcsentetl  by  ten  or  more  8ppci» 
Still  more  remarkable,  however,  wns  the  increasing  imi>ortanco  of  the  meroftoDut>cs 
crustaceans.    Though  brnchiopods  are  not  scarce,  hardly  any  seem  to  be  peculiar  to  th 
Lower   Ludlow   rock ;    of   the  38  known   species  i<3  occur  in   the  Wenloek  git^T- 
Jihi/nrhowlla    Wihom\   Cyrtia  (Spfriffra)  cj;p<wrecta^   Spin/era  crifptj.,   Strophomma 
eufjlypJuu  Atrypa  rtticulan\  and  LingnJa  lain  are  not  infrequent.     Among  the  mtw 
freqiu  ntly  nnjurring  sptcies  of  lamcUibranchs  tlie  following  may  be  nameti — Cardki'i 
inUrrupia,  C.  striata,  Orthonoia  rigida^  O.  semhuleata,  and  a  number  of  sjieciw  "f 
Pterinea.      The   orthocemtitoM   are   numerous  {Orthoct.ras  Judemtc,   O.  snliundulntum). 
«lsn  .sjiecios  of  rUragmocerim  and  LituUef.     Th(5  numbers  of  these  stniiu'Iit  and  curred 
cephnlopods  form  one  of  the  di8tin«;uisliing  ft-atures  of  the  zone.    At  one  hitcadity,  nitr 
Lointwardiiie  in  Shropshire,  which  has  been  prolific  in  Lower  Ludlow  fositils.  pariirc- 
larly   in   Htar-finhes  and   ourypterid   crustaceans,  a   fragment  of  the   fish   ^/rjAtw/i' 
(I'tf  ninpin)  huh  ni^h  was  discovered  in  1850.     This  in  tlie  earliest  trace  of  verti^brote  H^ 
yet  df  tedod  in  IJritain.     It  ia  interesting  to  note  tliat  this  fish  dors  not  stand  low  in 
the  seal."  of  or«j:niii»!alion,  but  hfls  affinities  with  our  modem  sturgeon. 

{h;  Aym(»try  Limestone— fiihxrk  grey,  soniewhot  earthy,  concretionary  liniojjtiwr  i': 
l)rd8  fmm  1  to  o  feet  thick.     Where  nt  its  thickest,  it  forms  a  eonsijicuous  ffatiiri\ri<inji 


•  For  an  account  of  the  Wenloek  and  Ludlow  rocks  near  (Vinliff  see  S.dl;!fl.  Q.  J  '^v' 
f^fy\  XXXV  (IS7J))p.  47<K 
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•bore  the  soft  and  denuded  Lower  Ludlow  shales.  Owing  to  the  easily  removable 
nature  of  some  fullers'-earth  on  which  it  lies,  it  hns  Iiero  and  there  been  dislocated  by 
large  landtdips.  It  is  still  more  inconstant  than  the  Wcnlock  limestone.  Though  well 
developed  at  Aymestry,  it  soon  dies  away  into  bands  of  calcareous  nodules,  which  finally 
diaappear,  and  the  lower  and  upper  diviaions  of  the  Ludlow  group  then  come  together. 
The  orgnnic  remains  at  present  known  number  53  genera  and  84  species,  which,  for  the 
moat  part,  are  identical  with  Wenlook  forms.  It  is  evident  that  the  organisms  which 
flonrished  so  abumlantly  in  the  clear  water  wliorein  the  Wenlock  limestone  was 
aecomalated,  continued  to  live  outside  the  area  of  depobit  of  the  liower  Ludlow  rock, 
and  reappeared  in  that  area  with  the  return  of  tlie  conditions  for  their  existence 
daring  the  deposition  of  the  Aymestry  limestone.  The  roost  characteristic  fossil  of  the 
laiter  rook  is  the  Peniamenu  Knighiii ;  other  common  forms  are  Bhynchonella  WUeoni^ 
Limgula  LewxHiy  Slrophomena  euglypJia,  BeUerophon  dilatatm,  Pterinea  Soiterhyi,  with 
many  of  the  same  shells,  corals,  and  trilobites  found  in  the  Wenlock  limestone.  Indeed, 
aa  Horchison  has  pointed  out,  except  in  the  less  number  of  species  and  the  occurrence 
of  aome  of  the  shells  more  characteristic  of  the  Upper  Ludlow  zone,  there  is  not  much 
paliBontologioal  distinction  between  the  two  limestones.* 

(e)  Upper  Ludloio  Bock. — In  the  original  Silurian  district  described  by  Murchison, 
ilia  Aymestry  limestone  is  covered  by  a  calcareous  shelly  band  full  of  BhynchaneUa 
mavieUla,  sometimes  30  or  40  feet  thick.  This  layer  is  succeeded  by  grey  sandy  bhale 
or  mndstone,  often  weathering  into  concretions,  as  in  the  Lower  Ludlow  zone,  and 
aaanming  externally  the  same  rusty-brown  or  greyish  olive-green  hue.  Its  harder  beds 
ara  quarried  for  building  stone ;  but  the  general  choraoter  of  the  deposit,  like  that  of 
the  argillaoeous  portions  of  the  Upper  Silurian  formations  as  a  whole,  in  the  typical 
diairict  of  Siluria,  is  soft,  incoherent,  and  crumbling,  easily  decompot^ing  once  more 
into  elay  or  mud,  and  presenting,  in  this  respect,  a  contrast  to  the  hard,  fissile,  and 
often  tiaty  shales  of  the  Lower  Silurian  series.  Many  of  the  sandstone-beds  are 
opowded  with  ripple-marks,  rill-marks,  and  annelid-trails,  indicative  of  the  shallow 
littoral  waters  in  which  they  were  deposited.  One  of  the  uppe^rmost  fandstones  is 
termed  the  **  Fuc^jid  Bed,*'  from  the  number  of  its  cylindrical  seaweed-like  stems.  It 
likewise  contains  numerous  inverted  pyramidal  bodies,  which  are  believed  to  bo  oasts 
of  the  cavities  made  in  the  muddy  sand  by  the  rotatory  movement  of  crinoids  or  sea- 
weeds rooted  and  half  buried  in  it.'  At  the  top  of  tho  Upper  Ludlow  rock,  near  the 
town  of  Ludlow,  a  brown  layer  occurs,  from  a  quarter  of  an  inch  to  three  or  four  inches 
in  thickness,  full  of  fragments  of  fish,  Pterygotw,  and  shclU  This  layer,  termed  the 
*•  Ludlow  Bone-bed,"  is  the  oldest  from  which  ony  considerable  number  of  vertebrate 
remains  has  been  ubtained.  In  spite  of  its  insignificant  thickness,  it  has  been  detected 
at  nnmerous  localities  from  Ludlow  as  far  as  Pyrton  Passage,  at  tho  mouth  of  tlie 
Berem — a  dibtanco  of  45  miles  from  north  to  south,  and  from  Kington  to  Ledbury  and 
Malvern — a  distance  of  nearly  30  miles  from  west  to  east ;  so  that  it  probably  covers 
an  area  (now  largely  buried  under  Old  Bed  Sandstone)  not  less  than  1000  square  miles 
In  extent  Yet  it  appears  never  to  exceed,  and  usually  to  fall  short  of,  a  thickness  of 
1  Ibot.  Fisih  remains,  however,  are  not  confined  to  this  horizon,  but  have  been  detected 
in  strata  above  tho  original  bone-bed  at  Ludlow.  The  higher  parts  of  tho  Ludlow  rock 
eonaiflt  of  fine  yellow  sandstone  and  hardor  grits  known  as  tho  Downton  sandstone. 
Originally  tho  whole  of  these  flaggy  upper  parts  of  tho  Ludlow  group  were  calle<l 
"  Tileatones  "  by  Murchison,  and,  being  often  red  in  colour,  were  included  by  him  as  tho 
baae  of  the  Old  Bed  Sandstone,  into  which  they  gradually  and  conformably  ascend. 
They  point  to  a  gradual  change  of  physical  conditions,  which  took  placo  at  the  close  of 
the  Silurian  period  in  tho  West  of  England,  and  brought  in  the  lucustrino  deposits  of 
the  Old  Bed  Sandstone.  There  is  every  reason  to  believe  that  for  a  long  time  the 
marine  sedimentation  of  Upper  Silurian  typo  continued  to  prevail  in  some  areas,  while 


I  i 


SilnnV  p.  130.  »  Op.  rJt.  p.  133. 
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the  laouBtrine  type  of  tlio  Old  Kcd  Sandstone  had  already  been  eatabliahed  in  othen* 
and  that  by  the  breaking  down  or  submergence  of  the  barrien  between  theee  diiEiBrant 
areas,  marine  and  lacustrine  conditions  alternated  in  the  same  region.  The  Tiiettonee 
are  the  records  of  this  oarioas  transitional  time.^ 

A  considerable  suite  of  organic  remains  has  been  obtained  from  the  Upper  Lndlow 
rock,  which,  on  the  whole,  are  the  some  as  those  in  the  zones  underneath.  Vegetable 
remains,  some  of  which  seem  to  be  fuooids,  but  most  of  which  axe  probably  terretlzial 
and  lycopodiaceous,  abound  in  the  Downton  sandstone  and  passage-beds  into  the  Old 
Bed  Sandstone.  Some  minute  globular  bodies,  doubtfully  referred  to  the  spoiaiigia  of 
a  lycopod  {Fachytheca*),  occur  with  some  other  plant  remain!  {Paehjftponmffiumf 
Aetinophylhim,  CJiondrites — a  beautiful  seaweed).  Corals,  as  might  be  auppoied  firam 
the  muddy  character  of  the  deposit,  seldom  occur,  though  Murohison  mentiona  that  the 
encrudting  form  AlveoHtes  fibrostu  may  not  infrequently  be  found  enveloping  aheUs, 
Cydonema  coraUii  and  Murchinonia  coraUii  being,  as  their  names  imply,  its  fiivonrito 
habitats.  All  tlio  corals  of  these  and  the  other  divisions  of  the  Lndlow  gionp  axe  also 
Wenlock  species.  Some  annelides  {Serpulitea  UmgMpintUj  ComuUtei  ierpiilartM»  ind 
Trachyderma  coriactum)  are  not  uncommon.  The  Crustacea  are  repreeented  in  the 
Upper  Ludlow  rock  by  23  genera  and  71  species,  and  in  the  whole  Ludlow  group  by  29 
genera  and  97  species,  including  ostraoods  (Beyrichia  Kkedeni^  LeperdiHa  marginaia, 
Eniomis  tuherosa)^  phyllopods  (16  species,  CeratiocarUt  Diclyoearit),  and  enrypterids 
(JSurypiems  10  species,  HemiaspU  6,  Pterygottu  9,  Slimotiia  3,  StylonuruB  8,  Himaml^' 
ptenu  1).  The  trUobites  have  still  furtlier  waned  in  the  Upper  Lndlow  rock,  though 
Eamedonotus  Knighiii^  EncrinuruB  punctaiuSj  Ph(icop»  Doumingim,  and  a  few  others 
still  occur,  and  even  the  persistent  Calymene  Blumetthachii  may  occasionall j  be  fisond. 
Of  the  brachiopods,  the  most  abundant  forms  in  this  zone  are  Lingula  minima^  L.  lofo, 
DUoina  rugata,  IthynchaneUa  WiUoni,  Strophomena  filosay  and  ChoneUs  itriateUa.  Hie 
most  characteriiitic  lamellibranohs  are  Orihonota  amygdalina^  Chmiophora  effwhmformii, 
Pterinea  lineata,  P.  retroflexa;  some  of  the  commonest  gasteropodi  are  Murdiitonia 
eoralliij  Platyschisma  heliciteB,  and  Holapella  obBolein.  The  orthoceratites  are  specifi- 
oally  identical  with  those  of  the  Lower  Ludlow  rock,  and  are  sometimes  of  large  size, 
Orthoceras  hullatum  being  specially  abundant.  In  all,  10  genera  and  14  species  of 
fishes  Iiavo  been  recovered  from  the  Ludlow  rooka  The  fish-remains  oonsist  of  bones, 
teeth,  shagreen-liko  scales,  plates,  and  fin-spines.  They  include  some  plag^tomous 
(plocoid)  forms  (Thdodtu),  shagreen-scales  (8phagodu8\  skin  (the  spines  described 
under  the  name  of  Onchus  being  probably  crustacean),  and  some  ostraoosteana  (Cepkal' 
afpif,  AucJieiiaspis,  and  Ptcraspis). 

In  the  typical  Silurian  region  of  Shropshire  and  the  adjacent  oonnties,  nothing  can 
be  more  decided  than  tlie  lithological  evidence  for  the  gradual  disappeaxanoe  of  the 
Silurian  sea,  with  its  crowds  of  graptolites,  trilobites,  and  brachiopods,  and  for  the 
gradual  introduction  of  those  geographical  conditions  which  brought  about  the  deposit 
of  tho  Old  Red  Sandstone.  The  fine  grey  and  olive-eoloured  muds,  with  their  oocasiooal 
zones  of  limestone,  are  succeeded  by  bright  red  clays,  sandstones,  comstones,  and  con- 
glomerates. The  evidence  from  fossils  is  equally  explicit.  Up  to  the  top  of  the 
Ludlow  rocks,  the  abundant  Silurian  fauna  continues  in  hardly  diminished  numbers. 
But  as  soon  as  the  red  strata  begin  the  organic  remains  rapidly  die  out,  until  at  hat 
only  tho  fisli  and  the  large  eurypterid  crustaceans  continue  to  occur. 

Turning  now  from  the  interesting  and  extremely  important,  though  limited,  area  in 
which  tho  original  type  of  tho  Upper  Silurian  rocks  is  developed,  we  observe  that, 
wliether  traced  northwards  or  south-westwards,  tho  soft  mudstones  and  thick  limestones 


*  On  these  passage-beds  see  Symonds,  •  Eecords  of  the  Bocks,'  1872,  pp.  183-215 ; 
Q.  J.  Geol  Soc,  xvi.  (18(50)  p.  193 ;  Boberts  and  Bandall,  on,  cit,  xix.  (1863)  p.  229; 
aLso  tho  remarks  made  on  tho  corresponding  strata  in  Scotland,  potUOj  pp.  682, 713. 

'  See  Q.  J.  Ged.  Soc.  xxxviii.  (1882)  p.  107.  Mr.  Oarruthers  snggesu  that  they  aie 
possibly  the  remains  of  an  animal  rather  than  a  plant. 
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give  way  to  hard  slates,  grits,  and  flagstones,  among  which  it  is  scaioely  possible 
amnetimes  even  to  discriminate  what  represents  the  Wonlock  from  what  may  be  the 
eqniTalent  of  the  Lndlow  group.  It  is  in  Denbighshire  and  the  adjacent  counties 
that  this  change  becomes  most  marked.  The  Tarannon  shale  above  described  passes 
into  tiiat  region  of  North  Wales,  where  it  forms  the  base  of  the  Upper  Silurian  forma- 
tioDS.  It  is  covered  by  a  series  of  grits  or  sandstones  which  in  some  places  are  at  least 
8000  feet  thick.  These  are  overlain  by  and  pass  laterally  into  hard  shales,  which  are 
believed  to  represent  parts  of  the  truo  Wenlock  g^roup,  perhaps  even  some  portion  of  the 
liVdlow  rocks.  It  is  evident,  however,  that  in  spite  of  the  wide  extent  over  which  theso 
Sflmian  rocks  of  North  Wales  are  spread,  and  the  great  thickness  which  they  attain, 
they  do  not  present  an  adequate  stratigraphioal  equivalent  for  the  complete  succession 
in  the  original  Silurian  district.  Instead  of  passing  up  conformably  into  the  base  of 
the  Old  Bed  Sandstone,  as  at  Ludlow,  they  are  covered  by  that  formation  unconformably. 
In  fkct  they  have  been  upturned,  (rumpled,  faulted,  and  cleaved  before  the  deposition 
of  thoee  portions  of  the  Old  Bed  Sandstone  (Upper)  which  lie  upon  them.  These  great 
physioal  changes  took  place  in  Denbighshire  when,  so  far  as  the  evidence  goes,  theru 
entire  quiescence  in  the  Shropshire  district ;  jet  the  distance  between  the  two  areas 
not  more  than  about  60  miles.  These  subterranean  movements  were  doubtless 
oonnected  with  those  more  widely  extended  upheavals  that  converted  the  floor  of  tho 
Silnrian  sea  into  a  series  of  isolated  basins,  in  which  the  Old  Bed  Sandstone  was  laid 
down  (p.  706). 

In  Westmoreland  and  Cumberland  a  vast  mass  of  hard  slates,  grits,  and 
flags,  was  identified  by  Sedgwick  as  of  Upper  Silurian  age.  These  form  the  varied 
ranges  of  hills  in  the  southern  part  of  the  Lake  district,  from  near  Shap  to  Duddon 
month.  The  following  are  the  local  subdivisions,  with  tho  conjectural  equivalents  in 
SUnria :  *— 

Kirkb*     M       [Thiclt  beds  of  hard  sandstone,  massive  and  con- 
y.       '  I     cretionary  or  flaggy  and  micaceous    . 

I'   Calcareous  beds,   with  M>/ncAonelh  navicula\^^^^^'^  ^'°"P 
abundant       ...... 
Sandstone  and  shale,  with  star-Rshes     . 
Dark  blue  flags  and  grits  of  great  thickness   .' 
Flags  and  grcywacke  (^Orthoccras  subttndnki' 
tum^   0,  (uujhUatuin,  Monograptus  {Grapto- 
lUhus)  Flanirujiif  M.   coltmus,    Ceratiocuris 
3fiJU'chisoni)y  upwards  of  4000  feet 
i  Dark  grey  coarse  flags  {Cardiola  intcrfuptaf 
'\      Orthoceras  8ubunduiatwn%  1000  feet  . 
Thin  band  of  pale  and  purple  shales,  with  band' 
of  black  graptolitic  shale  at  the  base  {Mono- 
3     yraptus    tenutSf    If,   priodun,   Bifthtjraptus 
n.\Jt^^*     j?r«><w,  Z>.  folium,  &c.).     These  beds  are  pos- 
sibly sliglitly  unconformable  to  the  Coniston 
.    limestone 
Coniston  Limestone  (Lower  Silurian). 


Bannisdale 
Slates  . 


Coniston  Qrits 


Coniston  Flags 


Stockdale  Shales 
with 
litic  mudstone 


Wenlock      Group 
•    (Denbighshire 
Grits  and  Flags). 


^Llandovery  beds. 


^In  the  northern  part  of  the  Lake  district  a  great  anticlinal  fold  takes  place.  The 
Skiddaw  slates  arch  over  and  are  succeeded  by  the  base  of  the  volcanic  series  above 
described.  But  before  mure  than  a  small  portion  of  that  series  has  ap{)eared,  the 
whole  Silurian  area  is  overlapped  unconformably  by  the  Carboniferous  Limestone. 
It  Is  necessary  to  cross  the  broad  plains  of  Cumberland  and  the  south  of  Dumfriesshire 
before  Silurian  rocks  are  again  met  with.  In  this  intervening  tract,  a  synclinal  fold 
must  lie,  for  along  the  southern  base  of  the  uplands  of  the  south  of  Scotland  a 


'  Tiie  arrangement  and  tliickneijses  here  given  are  those  iu  the  Kendal  district  us 
mapped  by  ^Ir.  Avelinc  and  Mr.  Hughes  in  the  course  of  the  Geological  Survey 
{ExplanatiwiB  of  Sheet  98,  S.E.  and  N.E.,  1872). 
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belt  of  Upper  Silurian  roaks,  dipping  on  the  whole  to  ttie  lonth-fM^  can  lie  faaoed  TiofQ 
the  heart  of  tba  Cheviot  Ililta  lo  tile  headlands  of  Wigtownahin.  TheM  rock*  niut 
reach  a  thickneM  of  eoveral  thousnnd  feet,  but  tbeii  top  is  novbeie  ireii.  They  ropon 
on  Bome  of  Ihe  older  parta  of  the  Llaudeilo  aerioa,  with  so  cloae  a  coioddenM  of  dip  and 
atrike  that  no  decideil  unconfontiabiiitj  has  yet  been  traceil  Ijetwetm  them.  They 
coni>iBt  emenlially  of  Rlmlca,  witti  a  considerable  proportion  of  greywacka  banda  tomuds 
the  buo.  At  diffiTcnt  horizDna  they  contain  lontioular  banda  of  a  caJraietmi  pebbly 
grit  But  tbeir  moat  oharacleriktic  Tealure,  and  one  vbieh  at  once  diatinguiahea  them 
locally  ^m  (lio  odjoioing  Ijowor  Silurian  rooka,  ia  the  ocourrenoe  of  a  browniah-Uack, 


highly  flaeiio  Hbalo,  mmpoeed  of  layci 
and  naiially  rrowilcd  with  graptulite*. 


moat  onee«  as  thin  ai  ordiDary  writing-paper, 
Nieae  peculiar  banda  occur  thronghoiit  tha 
whole  eeries  of  rooka  from  bottom  to  top. 
Tbey  are  aometimea  lo  thin  that  SO  oc 
30  eeaniB  or  riba,  each  flnaly  flaaUs^  m^ 
bo  Been  intercalated  within  the  apace  of 
an  inchof  theoidinaryalialeoigreywacke. 
Occasionally  they  form  zonn  80  to  100  feet 
thick,  conaisting  eatiraly  of  flDely-leeved 
graptolitio  ahalea.  Am  a  whole  theae 
BcottJEh  Upper  Bilnrion  itzata  taaembla 
lithologically  the  correaponding  aerie*  in 
Weatmoieland,  though  bete  and  there  tbey 
aaanmo  the  characti  r  of  mndatonea  not 
nnlike  thoaa  of  ShropehLrc  The  abnn- 
dant  foaails  in  Ihcm  are  simple  graptolitea 
I  (^Mmotraptut  (GrapfalOAiu)  SnljirieUi, 
"  ~  ki,  M.  Flmt!ngii.  M.  BcHmuu,  M, 
grUtfimaitu,  Sftiolila  gemilHaiuu,  Ae-X 
Orthoocratitea  conies  next  in  point  of 
numbera  (OrUoeenu  annHJalion,  O.  leaai- 
cinolum,  Ac.).  In  aome  of  the  ahalei. 
cruBtacpnn  fiBgnioiitaareiiDmenTua.  They 
inolnde  large  pieoea  of  the  rarapace  of 
THelgoearii,  with  remaint  of  Oratfooant 
and  FUrj/gottu.  The  pebbly  grit*  contain 
Ptlraia  awl  ctinoid  atem*.  In  tbo  anath 
of  Kirkcudbright  certain  limi  atonca  am) 
conglomGTafe*  intercalated  among  these 
II  Scurtilon  (/MlirnpkiRW\  ITppFr  shalee  have  yieldeil  a  mora  varied  fanna, 
irn^fbyMrV  S.'pwch.  "' '"  hnving  on  the  whole  a  deoidedlj  Wanlock 
cliaracter  and  including  FatetiUt,  Ortnii- 
pom,  Hfifrirliia  luliereutala,  Phnixipi  eaudatiu.  MeritUUa,  Lepltma  Krieta,  Atrypa 
ntirtdari*,  SIrojihomeaa  imbrex,  Murchiionia,  OrOtOMra*  lenvieiHetuni,  Jio. 

It  JB  impossible,  in  the  aouth  of  Scotland,  to  aeparnte  the  Upper  Silurian  rocka  ioto 
Wcutock  and  Ludlow  groups.  On  the  whole,  these  rockfi  seem  to  be  repreaentative 
mainly  of  the  older  half  of  the  Upper  Silnrian  diviaious.  They  are  covered  nacon- 
fomiiibly  by  Lowi-r  Old  Bed  Sandstone  and  later  formationa.  In  the  oonntiea  of 
Edinburgh  and  Lanark,  however,  the  base  of  tho  Lower  Old  Red  Sandatone  ia  fonnd  to 
graduate  downward  into  a  thick  sorieB  ot  brown,  olive,  and  grey  aholee,  BAodstone^  an<l 
gtite,  coiitninlng  undoubted  Ludlow  fossils.  It  ia  deaorving  of  remark  alao  that  the 
jiecidinr  lithologiral  typo  to  cbsracteristio  of  the  strata  in  Ihe  original  Silarian  aiea 
rcap]>pnr8  in  tbo  centre  of  Scotland,  many  of  tho  concretionary  brown  ebalee  and  olive- 
cnloured  mndstoneB  being  uudistinguidiable  from  those  in  the  typical  aeotion*  at 
Ludlow.    Some  or  thc^o  l>cds  arc  crowded  with  fossils,  among  the  meet  typical  of  which 
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are  Leptsma  traruvendlis,  Orihonota  amygdalina^  Platysdiima  heliciieSf  Beyridkia 
Klmdeni,  OHkoeeras  Maelareni,  with  many  crustaceans  of  the  genera  CeraHoearis^ 
Dieiffooariif  Ewypterw,  Pterygotu$,  Slimoniaj  and  StyUmurw.  In  the  Peniland  Hills, 
these  strata  are  estimated  to  attain  a  thickness  of  S500  to  4000  feet,  bnt  their  bese  is 
nowhere  reached ;  in  Lanarkshire  they  are  at  least  as  thick.  Their  lower  portions  may 
represent  some  of  the  higher  puts  of  the  Wenlock  group. 

Ireland  Aimishes  some  interesting  eyidence  regarding  the  geographical  changes 
in  the  west  of  Europe  between  the  close  of  the  Lower  Silurian  and  the  beginning  of  tho 
Upper  Silurian  period.  It  has  already  been  pointed  out  that  the  crystalline  schists 
of  the  Scottish  Highlands  ere  prolonged  into  the  north  of  Ireland,  whence  they  range 
ffmth-westwards  to  Qalway  Bay.  In  the  picturesque  tract  between  Lough  B^Iask  and  the 
month  of  KiUary  harbour,  these  rooks  are  nnconfbrmably  oyerlain  with  masses  of  sand- 
atones,  eonglomerates,  and  shales  more  than  7000  feet  thick,  and  containing  Llandovery 
and  Wenlock  foflsils  with  a  mixture  of  Garadoc  forms.  In  the  midst  of  tiie  crystalline 
■obiafes,  which  are  probably,  at  least  in  part,  gpreatly  metamorphosed  Lower  Silurian 
rooks,  portions  are  to  be  found  still  little  altered  and  full  of  fossils.  The  oyerlying 
Upper  Silnrian  strata  haTe  not  been  metamorphosed,  but  contain  pebbles  of  tho  altered 
rooks  on  the  upturned  edges  of  which  they  lie.  It  is  evident  therefore,  as  Mr.  Hull 
has  remarked,  that  the  metamorphism  must  have  occurred  between  the  formation  of  tho 
Ijower  and  that  of  the  Upper  Silurian  rooks  of  the  region.^  In  connection  with  this 
question  it  should  be  remarked  that  abundant  volcanic  activity  accompanied  the  deposit 
of  these  Upper  Silurian  rocks  in  the  west  of  Ireland,  successive  sheets  of  lava  (eurite) 
and  beds  of  tuff  forming  conspicuous  bands  among  the  stratified  rocks,  and  reaching 
a  eoUeotive  thickness  of  800  feet  and  upwards.  Between  Brandon  Head  and  Dingle 
Bay  a  thick  mass  of  strata  on  the  coast,  judging  from  the  comparatively  few  fossils 
obtained  fioni  it,  must  be  held  to  represent  Upper  Silurian  formations. 

Basin  of  the  Baltio,  Bussia  and  Boandinavia.'— The  broad  hollow  wliich, 
running  ftom  the  mouth  of  the  English  Channel  across  the  plains  of  northern  Grermany 
Into  the  heart  of  Russia,  divides  the  high  grounds  of  the  north  and  north-west  of  Europe 
from  those  of  the  centre  and  south,  separates  the  European  Silurian  region  into  two 
distinct  areas.  In  the  northern  of  Uiese  we  find  the  Lower  and  Upper  Silurian 
ibnnations  attaining  an  enormous  development  in  Britain,  but  rapidly  diminishing  in 
thickness  towards  the  north-east,  until  in  the  south  of  Scandinavia  and  the  Gulf  of 
Finland,  they  reach  only  about  ^th  of  that  depth.  In  these  latter  tracts,  too,  they  have 
on  the  whole  escaped  so  well  from  the  dislocations,  crumplings,  and  metamorphisms  so 
eonspicuous  along  the  north-western  European  border,  that  to  this  day  they  remain  over 
wide  spaces  nearly  as  horizontal  and  soft  as  at  first  In  the  southern  area,  Silurinn 
rooks  appear  only  here  and  there  from  amidst  later  formations,  and  almost  everywhere 
preaent  proofs  of  intense  subterranean  movement.  Though  sometimes  attaining  con- 
siderable thickness  they  are  much  less  fossiliferous  than  those  of  the  northern  part  of 
the  region,  except  in  the  bastu  of  Bohemia,  where  an  exceedingly  abundant  series  of 
8ilnrian  organic  remains  has  been  preserved. 

In  Russia,  Silurian  rocks  must  occupy  the  whole  vast  breadth  of  territory  between 
the  Baltic  and  tlie  flanks  of  the  Ural  Mountains,  beyond  which  they  spread  eastward 
into  Asia.  Throughout  most  of  this  extensive  area  they  lie  in  horizontal  undisturbed 
bedis  covered  over  and  concealed  f^om  view  by  later  formations.    Along  tlie  soutlicni 


*  'Pliysical  Geology  of  Ireland,'  p.  22;  Kinuhan's  *  Geology  of  Ireland,*  chap.  iii.  ; 
•  Geological  Survey  of  Ireland,*  Explanation  of  Sheets  76,  77,  83,  and  84. 

•  Consult  Angelin's  *  Paleeontologica  Suocica;'  Kjerulf,  *Norges  Go(»logi,*  1871>, 
(or  •  Geologic  des  Siidl.  Norvegen  *  (Gurlt),  1880) ;  Liimarsson,  Zeitsch.  Deutseh,  Geol, 
CkselL  XXV.  G75;  Geol.  Mag.  1876,  pp.  145,  240,  287,  379;  Oeol  FOreningenB  Stockholm. 
F9rhandl,  1872-74.  1877.  1879;  Lundgren,  Neuen  Jahrb,  1878,  p.  699;  Brugger, 'Die 
Silurischen  Etagon  2  und  3  im  Kristiania  Gebiet,'  1882 ;  F.  Schmidt,  Q.  J.  Geol.  S<>c. 
1882.  p.  514. 
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margin  of  the  Gulf  of  Finland,  they  appear  at  the  sorfS&oe  as  soft  days,  sands,  an 
unaltered  strata,  whioh,  bo  far  as  their  lithological  ohaiacten  go,  might  be  sapposed  1 
be  of  late  Tertiary  date,  so  little  have  they  been  changed  during  the  enonnoias  lApse  i 
ages  since  Lower  PaliBozoio  time.  The  great  plains  bounded  by  the  Ural  chain  oa  tl 
east,  by  the  uplands  of  Finland  and  Scandinavia  on  the  north,  and  by  the  rising  gRNUU 
of  Germany  on  the  south-west,  have  thus  from  a  remote  geological  antiquity  been  exflmpti 
from  the  terrestrial  corrugations  tliat  have  affected  so  much  of  the  rest  of  Europe.  Thf 
have  been  alternately,  but  gently,  depressed  as  a  sea-floor,  and  elevated  into  stef^ 
or  plains.  But  along  t}ie  flanks  of  the  Ural  Mountains,  the  older  paleoioio  Toeki  hm 
been  upheaved  and  placed  on  end  or  at  a  high  angle  against  the  central  portions  of  tb 
chain ;  and,  according  to  the  observations  of  Murchison,  Keyserling  and  De  Yerneoj 
have  been  partially  metamorphosed  into  chlorite-schists,  micarsohists,  quartsiteB  andotb 
crystalline  rooks.  To  the  north-west  ako,  over  a  vast  region  in  Scandinavia,  thej  hai 
b^n  subjected  to  great  regional  metamorphism  (p.  570). 

Taking  first  their  unaltered  condition,  we  find  them  well  exposed  along  the  sooihei 
shores  of  the  Gulf  of  Finland,  in  the  Baltic  provinces  of  Hussia,  where,  according  I 
F.  Schmidt,  they  form  with  the  Cambrian  groups  below  them  one  continnoos  an 
conformable  series,  and  are  capable  of  arrangement  as  in  the  subjoined  table :  '^ 

'Stage  K.  Upper  Oesel  Zone  (50  or  60  ft.  =  Ludlow  Group)— grey  limestones  and 
marls,  yellow  limestones :  Spirifer  elevatus,  Chonetes  striatellOf  Bejf' 
richia  tuberculatct,  Pterinea  retroflexa ;  an  abundant  enrypterid  fiiima 
and  fish  remains  {Onchus,  Pachylepia), 
I.  Lower  Oesel  Zone  (60  ft.  =  Wenlock) — chiefly  dolomites  with  marls : 
Orthoceras  annulaiuin^  Euomphalua  funatus,  Spirifera  crispa^  OrtMii 
eleganiulii,  Leptssna  transversalis, 
H.  PeDtamerns-csthoDiiB  Zone — in  the  cast,  dolomites ;  in  the  west,  grey 
coral  limestone,  with  PerUamenu  esthonus  (Mongus),  Sytinffopota 
hifurcatOy  FavotiUs  goUandica,  Halysitea  (5  sp.). 
'3.  Raikiill  Beds  (100  ft.)— coral  reefs  and  flagstones :  LeperdUia  JTsyMr- 

lingii,  Pfuicopa  elegans, 
2.  Borealis  Bank  (40  ft.)— consisting  almost  entirely  of  agglomerated 

shells  of  Pentainerus  borealis, 
1.  J5rden  Beds  (20-30  ft.)— thin  calcareous  flagstones  and  marls:  Z#" 
perditia  ITismgeri,  Orthis  Dcwidsonif  Strophomena  pecten,  i2Ayii-  - 
choneUa  affinis. 
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F.  (1)  Lyckholm  and  (2)  Borkholm  Zones  (100  ft.  =  Middle  Bala  or 
Caradoc),  contain   the  most  abundant  fauna  of  all   the  stages: 
Phacops  (^Chasmops)  macrouraf    Cheirurua  octol6batu8f   Encrinunu 
muitisegmentatuSf  Bellerophon  hUc^tuSy  Strophcmena  expansOf  Orihit 
vespertiliOf  0.  AcUmux,  O.  insftlaris. 
E.  Wesenberg  Zone  (30  ft.  =  Bala  or  Caradoc) — hard  yellowish  limestoie, 
with  marly  partings :  Leptsena  sericea,  Strophomena  ddtoideOf  Ortkit 
testudinaria,   Phaoopa  Nieszkowskii,  P.  wesenbergensis,  Encrmntru 
Sedxtchiy  Cybele  hrcvicawli, 
D.  Jewe  Zone  (100  ft.),  consisting  of  a  lower  or  Jewe  band  and  an  upper 
or    Kegel   band:    Cheirurus  pseudohemicranmm^  BiemicosnUtet   «r- 
traneus,  Lickaa  deflexa,  L.  iitienoideSf  Chasmops  bucculenta^  Strophih 
mena  Asmum, 
'3.  Itfer  Beds  (20-30  ft.) — hard  limestone  with  siliceous  concretions ; 
fauna  nearly  same  as  in  C.  2,  but  with  some  peculiar  trilobites^ 
and  some  forms  belonging  to  Stage  D. 
2.  Kuckers  Shale  (Brandschiefer),  consisting  of  bituminous  marls  and 
limestones  (30-50  ft.):  Phacops  exitis,  P,  (Chasmops)  Odaiit 
Chdmrus  spinuIosuSf  Pleurotomaria  eUiptica,  Porcanbonites  Urt' 
tior,  Orthis  lynXy  Echinosphxrites  aurantium, 
1.  Echinosphsrite  Limestone,  &c  (20-50  ft.  =  uppermost  Orthocen- 
tite  Limestone  of  Sweden) — J-JchinospJixrites  auranfttim,  and  Or^ 
thoceras  reguiare  are  the  most  characteristic  fossils,  and  nu- 
merous trilobitcs. 


C. 


>  Mem.  Ac  Imp.  St.  P€t^r«h.  (7)  xxx.  (1881)  No.  1 ;  Q.J.  Geol.  8.  xxxviiL  1882,  p.  5H 
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B.  Qrthoceratite  (Vaginaten-)  Limestone  (3-20  ft.) — hard  grey  limestoDe 
crowded  with  Orthoceras  communis  and  0.  vaginata ;  also  Phacops 
sderops,  Cheirunia  omatus,  Asaphus  heroSy  Ampyx  namttusy  itc 

%,  Glanconiie  Limestone  (12-40  (ty—Megalaspis  planUimhatay  Cheirw- 
rtu  olafrifronSy  Asaphus  expansuSf  Poramhonites  reticulatusy  Orthis 
parva. 

L  Glauconite  Sand  (Greensand),  lying  directly  on  the  Primordial 
Dictyonema  shale  (1-10  ft. =Ceratopyge  Stage  of  Scandinavia) — 
Oboiw  siiuricuSj  Siphonotretay  Linguia  ;  '*  conodonts  "  of  Pander. 


SUge  B.< 
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In  Soania,  the  Bilorian  series  has  been  subdivided  into  pala^ntological  zones  as  in 
Uie  subjoined  table :  * — 

'A.  Upper  Group— Cardiola  shales,  with  limestone  and  sandstone. 

B.  Middle  Gronp,  with  the  following  zones  in  descending  order :  (a)  Cyrtograptus 
CamUhersi;  (6)  C  rigidus;  (c)  C,  Murchisoni;  (d)  Mcnograpius  riocarton" 
€Hsi8  ;  (e)  Cyriog,  Lapworthii ;  (/)  C,  (?)  spirals ;  (g)  6,  Orayi, 

C.  Lower  Group,  composed  of  the  following  zones  in  descending  order :  (a)  Mone* 
grapiua  cometa ;  (6)  Grey  nnfossiliferous  shales ;  (c)  Cephalographis  Gometa  ; 
\d)  Man,  leptotheca;  (e)  M,  gregarius;  (/)  M,  cyphus, 

D.  Upper  Group,  composed  of  the  following  zones  in  descending  order:  (a)  Di- 
piograptus,  sp. ;  (6)  Phacops  mucronata;  (c)  Staurocephalus  chvifrons; 
(d)  Unfossiliferous  marly  shales;  (e) Niobe lata ;  (J)  Unfossiliferous  shales; 
(^)  Diphgraptus  qtutdrimucronatus  ;  (A)  TrinucUuSf  sp. ;  (i)  Calymene  dita- 
iota;  QC)  Unfossiliferous  shales. 

Middle  Group — Graptolite  shales,  with  zones  of:  (a)  Clmacograptus  rugosus ; 
(6)  C.  styloidens ;  (c)  Black  unfossiliferous  shales ;  (d)  Limestone  band, 
with  Ogygia,  sp. ;  (e)  Dicranograptus  CUngani;  (J)  Clmacograptus  Vases ; 
(g)  Unfossiliferous  shales ;  (A)  Cosnograptus  gracilis  ;  (t)  Thin  apatitic  band ; 
(Jt)  Diphgraptus  ptUillus ;  (/)  Glossograptus ;  (m)  Qymnogrcqptus  Linnar' 
ssoni;  (n)  Qlossograptus ;  (o)  Didymograptus  geminus, 
F.  Lower  Group,  composed  of  the  zones  of:  (a)  PhyllograpiuSy  sp. ;  (&)  Orthoceras 
limestone ;  (c)Tetragraptu8  shales  (lower  graptolite  shales) ;  (d)  Ceratopyge 
limestone. 


s 
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the  Ghristiania  district,  according  to  Ejcnilf^  the  following  subdivisions  can  bo 
*^lalished:— 


hi 

V 


Stage  8. 


hi 


r 


7.  Compact  grey,  often  bituminous  limestone,  with  abundant  Ortho^ 

ceras  cochkatum  and  Chonetes  striatella, 
fi.  Grey,  somewhat  bituminous  limestone,  with  shales  and  clays, 
a.  Fissile  green  or  grey  marly  shales  containing  the  last  graptolites. 
This  and  the  two  overlying  members  have  a  united  depth  of  835 
Norwegian  feet  at  Ringerige. 
^Stages  6  &  7.  Coral-limestone  and  Pentamerus  limestone. 
Stage  5.  Calcareous  sandstone,  with  Rhynchonella  diodonta  and  shales,  150  to 
370  feet. 
4.  Shales  and  marls,  with  nodules  and  short  beds  of  cement^tone  (2W- 

nudewy  Chasmops)^  700  feet. 
3.  Graptolite  shales,  Limestone  in  two  or   more   bands  (Orthoceras-, 
Asaphus-,  Megalaspis-limestone),  250  feet  in  places,  resting  upon 
the  alum-shales  of  the  Primordial  zone.' 


i> 


^"^Hioagh  the  general  resemblance  of  the  succession  of  fossils  in  Scandinavia  and  in 
is  sing^ularly  close,  there  are,  as  might  have  been  anticipated,  diffiarenoes  in  the 
of  species,  some  forms  having  appeared  earlier  or  having  survived  later  in  the  one 
on  than  in  the  other.    Thus  the  Pentamerus  dblongus  ascends  in  Scandinavia  into 


^  ^  ^  S.  A.  TuUborg,  '  Sk'anes  Graptolitcr,*  Sverig,   Geol,  Undersdkn,  ser.  c.  No.  50. 

*  Professor  Brogger  has  further  subdivided  Stage  3  as  follows,  in  ascending  order : 

^<»,  (a)  Shales  and  limestones  with  Symphysurus  incipiensy  (j8)  Gcratopyee  shales, 

C*y)  Ceratopyge  limestone;   36,  Fhyllograptus  shales;  Se,  (a)  Me^alaspis  limestone, 

Kjff)  Expansus-shales,  (7)  Orthoceras  limestone,  the  whole  stage  having  a  thickness  of 

tibout  47  metres  in  the  Ghristiania  district. — *  Die  Sil.  Etagen,'  p.  28. 
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*all  of  Woulock  coruls,  but  dooB  not  ooeur  iu  the  Woulock  group  of  Brituin.  On 
her  hand,  among  Scandinavian  strata  contauiing  suoh  characteristicully  Lower 
bO  genera  of  trilobltos  as  Asaphm^  Trinticltua,  and  Ogygia,  there  occur  organiflms 

in  Britain  are  typically  Upper  Silurian,  such  as  Ortlioceras  dimidiaium  and  0. 
9,  two  fossils  of  the  Ludlow  rocks.  In  Britain  no  gruptolites  have  yet  been  found 
Arenig  rocks,  but  in  BoandinaTia  they  occur  in  the  Dictyoncma  soliists,  which 
>bably  of  Upper  Cambrian  age.  These  and  other  divergouoes  in  the  succession 
inio  remains  possess  considerable  importance  in  relation  to  the  value  of  paheonto- 

ovidence  in  correlating  the  formations  of  different  countries,  since  they  indicate 
le  order  of  succession  found  to  hold  good  in  one  region  cannot  be  rigidly  applied 
STB,  as  is  so  often  attempted  by  palssontologists,  and  that  in  such  cases  it  is  not 
odividual  species  so  much  as  from  tlie  general  fades  of  the  fossils  that  we  must 
geological  parallels.  The  first  appearance  and  duration  of  a  species  have 
ess  greatly  varied  in  different  regions.    It  is  altogether  against  the  analogies  of 

to  hold  that  a  species  has  everywhere  had  precisely  or  nearly  the  same  chrono- 
.  range. 

the  central  and  northern  regions  of  Sweden  and  Norway,  the  Silurian  formations 
t  a  remarkably  different  development  from  that  just  described.  According  to  tho 
Jics  of  Kjorulf,  Dahll,  Tomebohm,  Broggor,  and  Ucusch,  they  are  there  repre- 

by  vast  masses  of  quartzite,  mica-slate,  gneiss,  homblende-scliist,  olay-slato,  and 
n'ystalline  rocks.  The  schists  can  be  seen  reposing  upon  recognisable  Silurian 
in  numerous  natural  sections.    Not  improbably  these  Scandinavian  metamorphio 

like  those  occupying  a  similar  posilion  in  Scotland,  will  bo  found  to  include 
IB  of  tlie  Archfi)an  and  Cambrian  systems  which,  together  with  the  Silurian 

have  been  subjected  to  such  great  disturbance  as  ti  have  had  a  new  crytitallino 
ire  superinduced  upon  them.  The  table  on  the  opposite  jiagc  represents  the 
I  order  of  sequence  in  Scandinavia  and  Scotland;  but  it  is  not  intended  that 
ncs  placed  on  parallel  lines  are  in  all  cases  precisely  equivalent    As  already 

(p.  571),  Upper  Silurian  fossils  have  been  found  at  Bergen  in  the  crystalline 
» themselves,  ns  well  as  in  the  limestones  intercalated  in  and  underlying  them.' 
^hernia.' — In  the  centre  and  south  of  Europe,  by  far  ilie  most  important  Silurian 
s  the  basin  of  Bohemia,  so  admirably  worked  out  by  Barrande,  wherein   tho 
tions  are  grouped  as  in  the  subjoined  table : — 

Stage  II.  Shales  with  coaly  layers  and  beds  of  quart;Eite 
{r/uicoj*8  fecunJus,  Tcniaculites  clojana),  witli 
specie^i  of  Lcptxwi^  Orthoceras,  JMuiics,  (romiititrs^ 

&c H.'fO  fi 

,,      (j.  Argillaceous  limestones  with  chert,  shairs,  ami  nil 

carcous  nodules         ......    JO'fj  , 

Numerous  trilobites  of  the  genera  Dahtutniti»^  Unm 
Uii8,    Phacops,    Prottwi^   Jlarpes^   and    ('iiiymnu  , 
Atrypa  reticularis,  Pvntamcrus  linjU'frr. 
,,       K.  Pale  and  dark  limestone  with  chert.      I/iir/ttn,  l.u  /.•. 
PhacfipSf  Atrtjpa    reticutai-is,  Pentiinimii    ,fi,l..ti.. 
Fatosites  gotiandica,  F.  fibrosa^  'IVnt-fuUi,.- 
,y       t.  Shales  with  calcareous   noflules,  and   ntiiJ*:    %*-..,. 
on  sheets  of  igneous  rock  (300  ft.) 
A  very  rich  Upper  Silurian  fauna,  nl^'n.  .■• 
lopods,  trilobites,  &c. :  Ilalyttitfn  "/^  /  -  •• 
t'dites  in  many  species. 


"thU,    ^  ' ' ' "'    /;.  -y.  Soe.  Edin.  ISCG,  p.  532  ;  I'M. 
V/1        '    ^  '  '^iiogiu  des  Stid.  n.  mit  Norw<'K<-< 
,1  /j^H.  Handl.  I  No.  12  (1873) ;   Owf    ' 
^.#r*o«rcer. 'Die  gUnrlMdieii  Etagen  2  m.' 
.f.i*     Trfms^ii  Mummu  Aankeft,  vi.  n»*x.' 

jiK?  .  -.itif!eniwork»*8yBteme  Biliitii- 
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'Stage  D.  Yellow,  grey,  and  black  shales,  with  qnartiiie  and 

conglomerate  at  base  .....  3000  ft. 

Abundant  trilobites  of   genera    Trinudeus^  Ogi/gia^ 
Asaphms,  IllxnuSy  Bemoplcurides,  &c.    . 

C.  Shales  or  **  schists,"  sometimes  with  porphyries  and 

conglomerates.         .....     900-1200  „ 


rO    I  S  ,es  j  ParadoxideSf   Ellipsocephalus,    Agnostw^    and    other 

i    12  **  I  genera  of  trilobites  referred  to  above  (anie,  p.  657). 


o 


»» 


.  *  [Schists  wholly  unfossillferoos  resting  on  gneiss. 


The  lower  two  stages  (A,  6)  correspond  probably  to  some  of  the  older  parts  of 
British  Cambrian  series,  and  perhaps  in  part  to  still  older  rocks.    Stage  0,  or 
Primonlial  Zone,  is  the  equivalent  of  the  Upper  Cambrian  rocks  of  Wales,  poosiblj 
partly  of  the  Arenig  scries.    Stage  D,  subdivided  into  five  groups  (dl,  d2,  dS,  <I4, 
d5),  appears  to  be,  on  the  whole,  representative  of  the  Lower  Silarian  formations  of 
British  area,  though  it  is  impossible  to  make  the  minor  subdivisions  in  the  tw( 
countries  agree.    Stage  E  corresponds  to  the  English  and  Welsh  Upper  Sili 
groups — the  remaining  three  (F,  G,  H)  indicating  by  their  organic  remaizia 
approach  of  the  Devonian  system,  and  perhaps  referable  to  that  division.* 

Small  though  the  area  of  the  Silurian  basin  of  Bohemia  is  (for  it  moaaoTL'S  odI] 
100  miles  in  extreme  length  by  44  miles  in  its  greatest  breadth),  it  haa 
extraordinarily  rich  in  organic  remains.  Barrando  has  named  and  described  aeverar 
thousand  species  from  that  basin  alone,  the  greater  number  being  peculiar  to  it. 
aspects  of  its  organic  facies  are  truly  remarkable.  One  of  these  \&  the 
variety  and  abundance  of  its  straight  and  curved  cephalopods,  of  which  18  genera  anc 
two  sub-genera,  comprising  in  all  no  fewer  than  1127  distinct  species,  have 
determined.  The  genus  Orthoceras  alone  contains  554  species,  and  Cyrioeenu 
330.'  Of  the  trilobites,  which  appear  in  great  numbers  and  in  every  stage  of  gmwtl 
as  many  as  42  distinct  genera  have  been  noted,  comprising  350  species;  the 
prolific  genus  being  Bronteus,  which  includes  46  species  entirely  confined  to  the 
fauna  or  Upper  Silurian.  AcidaspU  haa  40  species,  of  which  six  occur  in  the  2nd 
34  in  the  8rc2  fauna.  Froetus'  also  numbers  40  species,  which  all  belong  to  the 
fauna,  sayo  two  found  in  the  2nd,  Other  less  prolific  but  still  abundant  genera 
DaLmanites^  Phacops^  and  lUsenus.  The  2nd  fi&una,  or  Lower  Silurian  series,  oontaii 
in  all  32  genera  and  127  species  of  trilobites ;  while  the  Srd  fauna,  or  Upper  Siluria^  ^s 
series,  contains  17  genera  and  205  species,  so  that  generic  types  are  more  abundant  i —  Q 
the  earlier  and  specific  varieties  in  the  later  rocks.' 

WeBtem  Europe. — The  researches  principally  of  Gossolet  have  demonatratc      i  '^^ 
that  a  considemble  part  of  the  strata  grouped  by  Dumont  in  his  **  Terrain  Bhdnan,"  an 
generally  supposed  to  be  of  Devonian  age,  must  be  relegated  to  the  Lower  Siluria 
series.    He  shows  that,  though  almost  concealed  by  younger  formations,  the  Silnrii 
rocks  that  are  laid  bare  at  the  bottom  of  the  valleys  of  Brabant  can  be  paralleled  in 
general  way  as  under: — 

'Schistes  de  Fosse;  psammites  and  lustrous  shales  with  nodules  and  even  beds  of 
limestone,  containing  most  of  the  fossils  of  the  group  below,  with  the  addition 
of  Sphmrexochus  mtrus^  and  Halysites  catentUaria, 

Schistes  de  Gemblonx;  pyritous  black  and  greenish  shales,  which  at  Grand- 
Manil,  in  the  valley  of  the  Omeau,  have  yielded  upwards  of  50  spedes  of 
fossils,  including  CcUymene  incerta,  Drinucleits  setiformis,  lUasnus  Bowmanm^ 
Bellerophon  hiUMtus^  Strophomena  rhombouialis,  Orthis  Ustudmaria^  0.  ve^ter^ 
tiliOj  0,  cailujrammaj  0.  Actonix,  Monograptus  priodoriy  (^imaoograpius  scahrit» 


o 


*  They  are  classed  as  Devonian  by  Kayscr  and  other  German  geologists.    (Kayie^^^ 
Zeitsch.  Deuisch,   Geoh   Ges.  xxix.   (1877)  pp.  207,  620,   notices   the  oocnnenoe  o^^ 
Bohemian  Upper  Silurian  fossils  in  the  Khenish  Lower  Devonian  rocks.)    Barnnd*.^ 
dcfendetl  his  classification :  Verh,  K.  Geol  Reichs,  1878,  p.  200. 

*  •  Syat.  Silur.'  ii  suppt.  p.  266,  1877.  »  Op.cU.l  suppi  «  Trilobites,"  187^- 
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(Schistes  higarr^s  cTOisquerq;  variegated  flagstones  and  shales,  sometimes  blaclc 
.  j     and  gpraphitic. 
TS  \  Schistes  aimantiferes  de  Tubus;  green,  sometimes  blaish  and  blackish  rocks, 
"g  ^      comprising  shales  with  magnetite  and  pyrite,  and  shales  passing  into  slate 
and  into  quartzite. 
QuartziUs  ae  Blammont;  whitish  and  greenish  quartzites,  becoming  pink  by 
weathering.* 


The  Silurian  rocks  of  Belgium  comprise  sevei-al  contemporaneously  erupted  masses 
of  porphyrite  and  of  diabase,  as  well  as  beds  of  porphyroid,  arkose,  and  ourite. 

Silurian  rocks  have  been  detected  in  many  parts  of  the  old  Paladozoic  ridge  of  tlie 
north-west  of  France.  Acoordmg  to  Do  Tromelin  and  Lebcscoute,^  the  order  of  suc« 
cession  in  Ille-et-Yilaine  is  as  under : — 

White  limestone  of  Erbray  (Calymene  Blumcnfjochii^  JIarpes  renidosus), 

Ampelitic  (carbonaceous)  limestone  of  Briasse. 

Sandy  and  ferruginous  nodules  of  Martign^Ferchaud,  Thourie,  &c.  (Ca)\Jioki  tnter- 
rnpta,  Monograptus  priodon), 

Ampelitic  (carbonaceous)  shales  of  Polign^,  and  phthanites  of  Anjou  (Mimograpias 
oolonus.) 

Slates  of  Riadan  (^Trinuckus), 

Sandstones  (May,  Thourie,  Bas-Pont,  Saint-Germain  de  la  Boaexi^re,  &c.),  con- 
taining Trinucisus  Goldfussi,  Calymene  Bayaniy  Orthis  redux,  0.  budleighensis, 
0.  puivinatOf  0.  valpyana,  0.  Berthosi,  yucieospira  Vicaryi,  Lingvia  Morierei, 
Pseudarca  iypOy  Diplogniptas  Baylei;  probably  equivalent  to  the  British  Caradoc 
group. 

Slates  of  La  Couyfere  (Orthis  Berthosi). 

Nodular  shales  of  Guichen,  &c.  (Calymene  Tvistani^  Placoparia  Tourneminei^  Acid" 
aspis  Buchii), 

Slates  of  Angers  {Ogygia  Desmnresti), 

Shales  of  Lai  lie  and  Sion  (Placoparia  Zippei,  Uyolithes  cinctus). 

Armorican  sandstone  (Gr^s  Armoricain),  possibly  the  base  of  the  Lower  Silurian 
(lowest  Llnndeilo  or  Arenig)  or  second  fauna  of  Barrande  (Asaphvs  annorimnusj 
IJngula  Lesucuri^  L,  JIaicki'iif  L.  Sitik'ri,  Diiwholus  Brimontiy  Lyrodesmn  arrnori- 
oaiuf,  annelides). 

Eed  shales  and  conglomerates  without  fossils. 

A  similar  sequence  of  rocks  is  observable  in  Nommndy.  Silurian  fossils  have  also 
been  obtained  from  the  older  rocks  of  Anjou,  Maine,  and  far  to  the  south  in  Hcrault 
and  the  eastern  Pyrenees.  In  the  Asturias,  according  to  the  recent  researches  of 
Dr.  Barrois,'  the  Silurian  system  is  well  represented  by  the  following  succession  of 
formations : — 

Upper  Silurian  .     Shales  and  quartzites  of  Corral,  with  ampelites. 

Calcareous  shales  of  El  Horno  (Endoceras  duplex). 

Slates  of  Luarca  (Calymene  Tristani). 
Lower  Silurian  .  {   Iron-ore  bed. 

Sandstone  of  Cabo  Busto  (Scotitltus) ;  variegated  sandstones,  con- 
glomerates and  shales  (Linguldla  Heberti). 

Silurian  rooks  have  iKJen  recognised  at  various  points  on  the  Spanish  tableland,  a 
lower  quartzite,  with  Cruziana,  Lingula,  &c.,  being  surmounted  by  shales  containiug 
Cahjntene  Tri*tani,  &c.  

>  Cfossolct,  *  Esquisso  Geolodque  du  Nord  de  la  France,'  p.  84.  Mourlon,  •  GeoL  do 
la  Bel^aque,'  p.  40.    Malaise,  •  M^m.  Couronn.  Acad.  Hoy.  Belgique,'  1873. 

«  De  Tromelin  and  TiCbesconte,  Bull.  Soc.  G/ol.  France,  1876,  p.  585 ;  Assoc,  Franf, 
1875;  Bull.  Soc.  Linn.  Norinandie,  1877,  p.  5.  See  also  Dalimier.  *  Stratigraphio  dea 
Terrains  primaires  dans  la  presqu'ile  de  Cotentin.*  Paris,  1861 ;  Bidl.  Soc.  Geol.  France, 
1862,  p.  007 ;  De  Lapparent,  Bull  Soc.  Uhl  France,  1877,  p.  569 ;  Barrois,  Ann.  Soc, 

»*"  Terrains  aneiens  dcs  Asturiee,"  &C.,  JMi^.  Soc,  QM,  Nord.  1882.  See  also  Ann, 
Soc.  Giol.  Nord.  x.  (1883)  p.  151. 

2  X 


6&0  sTRATI*jrRAtHlrAL    GEOLOQY.       [Book  VL  Pah  1. 


Gennany,  dec.— Siluriuu  rocks  appear  in  a  few  detached  areofi  (Thnringiai  Yogt- 
laiiKl,  Ficlitilu^'bir;zc.  Uarz),  but  prcbeut  a  ^^t  contrast  to  those  oC  Bohemia  in  then 
compiiratively  iintckuiliteroaa  character,  anl  the  absence  of  anj  one  contiDiioni  n^ 
Ci:adioQ  of  tho  wUnle  fc^iiiirian  system.  In  the  Thnringer  Wald,  a  BOtiea  of  Ibooadtl- 
gchistd  (perhaps  Cambrian)  passes  up  into  slates,  greywackea^  4:c^  with  Xta^ikf 
Dmutut,  Cilijmtney  numerous  grapti^lites,  and  other  fossils.  These  atrata  (from  16IW 
to  2u00  tect  thick)  may  reproiient  the  Lower  Silurian  groups.  They  are  covered  hf 
some  graptolitic  alum-elates  (Uonotjraptw,  DiplograpHui),  shalea,  flinty  alatea,  tnl 
limes toues  (FaroHit*"*  gotUtmh'Ht,  CardiUa  inter rupta^  Teniaeuliiea  aeuaritu,  &e.X 
which  no  iloubt  represent  the  Upper  Silurian  groups,  and  pass  into  the  base  of  i^ 
Devonian  system.'  Ami^o^  the  Uarz  Mountains,  certain  greywackes  and  shales  eao- 
tainin;^'  land-plant.-*  (lyoop«>tla,  jcc).  trilobites  {JJalmanile$,  ftc),  graptolitea,  &Cn  aw 
rt-giirded  as  of  intermediate  age  between  true  Upper  Silurian  aud  Lower  DerouuQ 
roeks.' 

Among  the  Alps^  the  bam  I  of  ancient  sedimentary  rocks  which,  flanking  the 
crystalline  nuu-dcs  of  the  ceutnil  cLoin,  has  been  termed  tho  "greywocke  zone,"  hoj  in 
recent  years  been  ascertained  to  contain  rcpresentatires  of  the  8flunau,  DeTonitn, 
Carboniferous,  and  Permian  systems.'  In  the  eastern  Alps,  a  belt  of  clay-slate  sod 
grcywocke,  with  limestone,  dolomite,  magnesite,  ankerite,  and  aideritc  runs  fnai 
Kitzbiihel  in  the  Tyrol  as  far  as  the  south  end  of  the  Vienna  baain.  About  tveDtj 
species  of  fossils  {Mltocenu,  Atnjpa^  Cardiuia,  &c.)  found  at  Dion  ten,  near  Weffen, 
belong  apparently  to  the  substogc  « 2  of  Barrande*8  Stage  E.  In  this  band,  the  btrsti 
have  been  changed  into  crystalline  schists  (p.  573).  As  the  fossils  are  tapper  SilanuL. 
a  large  part  of  the  adjacent  uufossiliferous  schistose  rocks  may  represent  older  parti  of 
tlie  Silurian  system ;  but  no  Lower  Silurian  fossils  have  yet  been  found  in  them  ia 
the  northern  Alps. 

In  tho  :s3uthern  Alps  (Cariuthia),  above  the  older  Pulioozoic  massca  which  hare 
not  yet  yit-ldcd  fossils,  Stucho-  believes  that  tho  following  sub-divisions  csin  Ik^  luad-.' 
out  in  dt'sftruding  order ; — 

Liint;>ti>Do.s   (100<>  to   1*>00  foi't)  with   Silurian    form*  of  Pcni'tmems^  '^p'rij\r'\ 

JihljncffiulLi  and  Ati'tjixi,  aud  JSilurian  niid  Devonian  corals  =  Stages  F,  G,  H,  .>i' 

l^iirraude. 
Dark  clay-slatos  and  s;indstone.N  with  plant-remains,  yellow  and  red  triuidd-shaie.-! 

=  Stage  F,  in  part,  Onuiidago  grouj)  (?). 
Limestones  with  orthoceratitos,  jrastcroiioils,  lamyllibranths,  trilobites  (Kokl-.r^'). 

Al*ont  100  si»ei'ies  oofnr  in  the  Inwer  or  dark  Orthoceras  liincstiine.     Th-^Sf  roii< 

njiiMfar  to  rei)reseut  Stage  E  of  Ikdiemia,  and  the  Wenlock  and  Ludlow  ^rrouji  vi 

Kngland. 
(iraptolitf-schists  with  DijflmjiVjjtHS  fo/ftunj  Z>.  pn'sti^f  &e.  =  Staire  D  aud  l.iii-:  if 

K ;  Couistnn  flags. 
Cirrywaf-ky-^late  aud  sandstone  (^Str'^phomcn*  i7/'>ut'.fi\   0/'//«/>)  =  upper   iurt  \: 

Stage  I)  J  pt-rhaps  Bala  beils.* 

In  tho  southern  half  of  Sardinia,  Silurian  roi^ks  (in  part,  at  least,  Vppcr)  havf  \*^r\i 
divided  into  three  zones,  tho  lowest  of  which  contains  iiaportaut  metalliferous  lidt*. 

In  the  south-we8t  of  Riu<sia  (Podolia)  aud  in  Gallicia.  an  Upper  JSihirLm  area  oonin, 
in   which  there  is  almost  perfect  pnlteontolc»gicHl  ajja'cmeut  with  the  Silurian  r-ck- 

»  Riehter,  Zti'Mi.  DmUch.  Geol  GttnU.  xxi.  p.  ^oH;  xxviL  p.  2G1. 

^  Lo8stn.  op.  cit.  XX.  p.  216;  xxi.  p.  2M ;  xxix.  (J12. 

'  V.ni  Haiur.  Mitologie;  p.  21G.  Stuche,  .hihrh.  ii^ol  /?<:/cA*Ki«*f.i//,  xxiiL  \\  l"."': 
xxiy.  i:W,  SM  ;  ]\rh.  Urol  Jkicht'.  ISTU,  p.  UIG.  Stache  dividitl  the  grrtvwarkc  z..ii'> 
•»l  thf  inArru  Alps  into  live  pre-triassic  thumps:  1.  (^imrtzphvllite  j^ioup;'^,  Kalkphvl- 
hti.'  jjruii].;  a.  Kulktlionphyllito  group;  4.  C'roiip  of  the  .ddor  gKvwack^s  iSilurua 
ami  Ih'Vnnian) ;  T).  (imup  <»f  the  Ijipir  Cotil  and  IViiniau  i-ocks. 

*  I  rrhnndl.  iitol,  Jia'chMUff.  1884,  p.  2,'). 

*  Mrrieyhini,  Man,  li.  Acml  Lincn\  ISSO. 
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of  the  bann  of  tlio  Baltic,  but  a  great  contrast  to  those  of  Bohemia,  with  which  it  has 
onljr  a  few  brachiopods  in  common.' 

TXoTth,  Amerioa.'— In  the  United  States  and  Canada,  Silurian  rocks  spread 
oontiiraously  over  a  vast  territory,  from  the  mouth  of  the  St.  Lawrence  south-westwards 
into  Alabama  and  westwards  by  the  great  lakes.  They  almost  encircle  and  certainly 
miderlie  all  the  later  Pakoozoio  deposits  of  the  great  interior  basin.  The  rocks  are 
most  typically  developed  in  the  State  of  New  York,  where  they  have  been  arranged  as 
ia  the  subjoined  table  :— 

B,  Ujijjer  SUurian, 

Form  t*  ^'^^  [Oriskany  Mndstono  {Spirifera  arcnosn)         •         • 

'(4)  Upper   Pentamerns   limestone   {Fcntamcrus  pseudo- 

gakatus)     ........ 

(3)  Delthyiis  limestone  (MeristeUa  Icccii)     , 
(2)  Lower  Pentamerns  limestone  (Pentatnerus  galeatus) . 
.(1)  Water-lime  {TentacuiiteSf  EurypterWf  and  Ftet^gotus) 
Onondago  salt  group,  consisting  of  red  and  grey  marls, 

sandstones  and  gypsum,  with  large  impregnation  of 

common  salt,  but  nearly  barren  of  fossils 
'(8)  Niagara  shale  and  limestone  {HalysUcs,  Faw)sUes^\ 

Calymene  Blumenbachii,  HomaUmotus  iklphmocephaliisXm    \    i. 

Leptmna  transversaiisj  &c ;  also  fish-remains  (OncAus,  | 

Glyptaapis)  in  the  shale  in  Pennsylvania.  j 

(2)  Clinton  group  (^Pcntamvrus  dbhnguSf  Atrypa  reticu-\jr 

'«-•«,  &c.) {W«r 


in.  Lower  He I- 
derbergFor- 
mation 

II.  Salina  For- 
mation 


I.  Niagara  For 
mation 


Xudlow. 


■• 


(1)  Medina  group  with  Oneida  conglomerate  (if<x/io/op9M 
ort/ionota) .         ,) 


dovery. 


f 


A.  Lower  Siiwian. 

m 

'(3)  Cincinnati  (Hudson  River)  group  (SyrhujoporOf  IlalysitcSj  Diph)' 
graptus  pristisj  Ptcrinea  demissa,  Lcptasna  sericca). 


II.      Tn-nton 
Fonnatiim  . 


■ 


(1)  Trenton 
group 


(2)  Utica  group — Utica  shale. 

CTrentou  limestone.  (GraptMhus  am})lexica\dis,  TrinU" 

Black    River  liine-j     cleas  coaccniricuSf  Orthis  icsi'i- 

stoue.  I     dinariaf  JMwrchUonin,  ComdurM, 

Birdseye  limestone.  (     Orthou'ras,  Cyrtoccras^  &c. 

(pt)  Chazy  group— Chazy  limestone  {Afaclurca  magna^  M.  Logant, 

Orthoceras,  lUccmiSy  Asophus). 
(2)  Qucl>ec  group  *  (upwards  of  100  species  of  trilobites  of  genera 
AfjnostuSf   Ampyx,   AiujfhiuHf    CoiUHjoryphc,    DikelocephaUu^ 
IdicnuSf  AsitphuSf  &c.,  more  than  50  s]>ecies  o£  grnptoUU's). 
(1)  Calciferous  group  (grnptolites,  Linjnlella  acuniinnUif  Lcptvctut^ 
CmocardiwHj    Ojihdiia  comjmcUt,    Orthoceras   primujcniuniy 
14  si>ecies  of  trilobites  of  the  genera  Amphion^  JJathyurusy 
Asup/tus,  Conocoryphv). 
Potsdam  formation,  representing  Cambrian  (see  anic^  p.  657). 

It  is  interesting  to  observe  the  number  of  genera  and  even  of  species  common  to  the 
Silurian  rocks  of  America  and  £uroi)e,  and  tlio  close  parallelism  in  their  order  of 


I.        Canadian 
Fonniition  .' 


»  F.  Schmidt, '  Die  Podolisch-galizisrhc  Silurformalion,'  St.  Petersburg,  8vo,  1875. 

•  See  especially  the  Memoirs  of  the  Geological  Survey  of  Canada  and  the  numerous 
monographs  of  Prof.  Jnmes  Hall,  of  Albany. 

•  According  to  recent  rcBoarchos  by  Mr.  Selwyn,  the  Quebec  group  as  defined  by 
Logan  embraces  three  totally  distinct  groups  of  rock,  1>elonging  respectively  to  Archaean, 
Cumbrian  and  Lower  Silurian  horizons;  and  in  the  fossil iferous  liolt  of  liOgan's 
Quebec  group  are  included — in  a  folded,  crumpled,  and  faulted  condition — portions  of 
subdivisions  that  lie  elsewhere  eomporativcly  undisturbed,  and  embrace  btnita  even 
lower  than  the  Potsdam  foru?atiou.    Trans.  Hoy,  Soc,  Canada,  vul.  i.  sect.  iv.  p.  1  (1882). 

*>  V  *> 
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appearance*  Not  a  few  of  the  widely  difftued  forms  oocnr  in  Arctic  Amezica,  so  tiat  % 
former  migration  along  shallow  northern  waters  between  the  two  continents  is  lendend 
highly  probahlc.  Among  tliese  common  species  the  following  may  be  enmneimted  u 
occurring  in  the  Upper  Silurian  rocks  of  Now  York,  the  coasts  of  Barrow  Straits  within 
the  Arctic  Circle,  Britain,  and  the  Baltic  basin :  Stromatopora  coneentr tea,  EaUftitu 
eaienularia,  Faro^itet  gotlandiea^  Orthis  eleganUda^  Atrypa  retieularit.  The  graplditK 
appear  to  have  reached  their  full  development  and  to  haye  waned  at  eorrespondiog 
stages  of  the  Silurian  period  on  each  side  of  the  Atlantic.  Among  the  cmstaoea,  trib- 
bitcs  were  the  dominant  order,  represented  in  each  region  by  a  similar  aoeecssicm  cf 
genera,  and  even  to  some  extent  of  species.  And  as  these  earlier  forma  of  articiiktM 
waned,  there  appeared  among  them  abont  the  same  epoch  in  the  geological  series,  tlie 
eurypterids  of  the  Water-limo  of  New  York  and  of  the  Ludlow  rocks  of  Shropshire  tnl 
Lanarkshire. 

Asia. — Silurian  rocks  have  been  recognised  over  a  large  port  of  the  mxhet  d 
the  globe.  They  have  been  found,  for  example,  running  through  the  fV>wlilVM  of 
South  America  on  the  one  hand,  and  among  the  older  rocks  of  the  Himalaya  chain  on 
the  other.  The  Salt  Range  of  the  Punjab  contains  thick  masses  of  bright  red  Diri. 
with  beds  of  rook-salt,  gypsum,  and  dolomite,  over  which  lie  purple  "^"^ffarf*—  tad 
shales  containing  traces  of  fuooids  and  annelids  and  a  small  brachiopod  resembling  Obolat. 
These  saliferous  rooks  are  probably  at  least  as  old  as  the  Silurian  period,  if  not  oldrr.* 
In  the  regions  of  the  Northern  Punjab  and  Kashmir,  traces  of  Silnriao  organic  raniini 
have  been  disoovorod ;  while  in  the  north  of  Kumaun  these  fossils  have  been  foand  in 
considerable  quantities. 

From  the  province  of  Sze  Chuea,  in  western  China,  Biclithofen  has  obtiinfrl 
numerous  fossils  which  show  the  presence  there  of  Middle  and  Upper  Silurian  rocki 
Among  the  species,  some  are  the  same  as  those  tliat  occur  in  western  Europe,  Mich  u 
Orthis  ealligrammaj  Lepixna  serieea,  Spirifera  radiata,  Atrypa  reticularis,  Favotitf 
fibrosa,  Htlidites  interstinctus,  Ilalysites  catenularia,  and  others.' 

Australasia.— In  Australia,  the  existence  of  the  Silurian  system  has  been  piorcil 
by  the  discovery  of  a  condiderable  number  of  charactcristio  fossil^  among  which  a:'- 
numerous  graptolites  of  the  genera  CUmacograptuSy  Coenograptus,  Dichograptus,  Diem- 
nograptus,  l>idymograptus,  Diplograpius,  MoruHjraptus,  Loganograptus,  PhyUogra}>tv*, 
littiolHet^  ond  Teiragraptus,  which  occur  in  the  Lower  Sihiriaii  s«erics  of  Victoria— ^n 
ciiornious  series  of  sedimentary  deposits,  estimated  by  Mr.  Selwyn  to  be  not  less  tluQ 
35,000  feet  thick — also  many  Upper  Silurian  fossils  from  New  South  Wales,  imludiui: 
such  world-wide  species  as  Favosites  gotiandica,  UdioUUtt  interstinctuA,  Ca/ynn^ 
liluineiibachii,  Encrinurus  punctatuSy  Entomis  tuhcrosd^  Vhacups  caudahit,  Atrfy^ 
reticularis,  Slropliomena  pecten,  Pentamerus  Knightii,  P.  ohhmgus^  MtristJla  tuukiild. 
Orthoceras  ibex.*  Near  Bathurst  and  elsewhere,  the  Upi>er  Silurian  rov^-ks  of  New  S*:»utb 
Wales  have  been  much  altered,  sandstones  passing  into  quartzites.  nlutos  into  gneiai 
and  liomblendio  schists,  and  the  ooraWimestones  into  (rrj'stallino  marbles  with  t'»til 
obliteration  of  fossils.^ 

*  The  number  of  species  really  common  to  both  sides  of  the  Atlantic  is  proLaMy 
greater  than  appears  in  tlio  lists  of  the  palajontologistri.  the  8;unc  species  hariiig  n*' 
floubt  often  been  named  differently  in  America  and  in  Europe  throu^'h  iguoraaw  if 
previous  literature. 


by  Koyser  ami  liindstrom. 


C.  S.  Wilkinson,  •  Notes  on  the  Geology  of  Now  South  Wales/  Sydnr  y,  1S62. 
'  L\  S.  WilkiDflon,  op  ciU 
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In  New  Zealand  somo  dnrk  slates  and  crystalline  limestones  which  form  the  mass  of 
Blonnt  Arthur,  and  from  which  a  few  graptolites,  &c.,  have  been  obtained,  are  referred 
to  the  Lower  Silurian  series.  They  are  much  disturbed  by  homblendic  and  syenitio 
eruptive  rocks.  To  the  Upper  Silurian  are  assigned  some  fossiliferous  rooks  from 
which  Caiifmene  Blumenbcwhii,  Spirifera  radiaia^  Stricklandinia  lyraia,  &c.,  have  been 
psocnred  (Baton  River  series).  A  great' part  of  the  so-called  motamorphio  schists  aro 
pfobably  Upper  Silurian  rocks.* 


Section  111.    Devonian  and  Old  Red  Sandstone. 

lu  Wales  and  the  adjoining  comities  of  England,  where  the  typical 
development  of  the  Silurian  system  was  worked  out  by  Murchison,  the 
abundant  Silurian  marine  fauna  disappears  in  the  red  rocks  that 
orerlie  the  Ludlow  group.  From  that  horizon  upwards  in  the  geo- 
logical series,  we  have  to  pass  through  some  10,000  feet  or  more  of 
barren  red  sandstones  and  marls,  until  we  again  encounter  a  copious 
marine  fauna,  in  the  Carboniferous  Limestone.  It  is  evident  that 
between  the  disappearance  of  the  Silurian  and  the  arrival  of  the  Car- 
boniferous fauna,  very  great  geographical  changes  occurred  over  the 
site  of  Wales  and  the  west  of  England.  For  a  prolonged  period,  the  sea 
must  have  been  excluded,  or  at  least  must  have  been  rendered  unfit  for 
the  existence  and  development  of  marine  life,  over  the  area  in  question. 
The  striking  contrast  in  general  facies  between  the  organisms  in  the 
Silurian  and  those  in  the  Carboniferous  system,  proves  how  long  the 
interval  ])etween  them  must  have  been. 

The  geological  records  of  this  interval  are  still  only  partially  un- 
ravelled and  interpreted.  At  present  the  general  belief  among  geologists 
is  that,  while  in  the  west  and  north-west  of  Europe  the  Silurian  sea-bed 
was  upraised  into  land  in  such  a  way  as  to  enclose  large  inland  basing, 
in  the  centre  and  south-west  the  geographical  changes  did  not  suffice  to 
exclude  the  sea,  which  continued  to  cover  that  region  more  or  less 
completely.  In  the  isolated  basins  of  the  north-west,  a  peculiar  type  of 
deposits,  termed  the  Old  Bed  Sandstone,  is  believed  to  have  accumulated, 
while  in  the  shallow  seas  to  the  south  and  east,  a  series  of  marine  sedi- 
ments and  limestones  was  formed,  to  which  the  name  of  Devonian  has 
been  given.  It  is  thus  supposed  that  the  Old  Red  Sandstone  and 
Devonian  rocks  represent  different  geographical  areas,  with  different 
phases  of  sedimentation  and  of  life,  during  the  long  lapse  of  time 
between  the  Silurian  and  Carboniferous  periods. 

That  the  Old  Red  Sandstone,  at  least,  does  represent  this  prolonged 
interval  can  be  demonstrated  by  innumerable  sections  in  Britain,  where 
its  lowest  strata  are  found  graduating  downward  into  the  top  of  the 
Lndlow  group,  and  its  highest  beds  are  seen  to  pass  up  into  the  base  of 
the  Carboniferous  system.  But  the  evidence  is  not  everywhere  so  clear 
in  regard  to  the  true  position  of  the  Devonian  rocks.  That  these  rocks 
lie  between  Silurian  and  Carboniferous  formations  was  long  ago  shown 

*  Hector,  •  Handbook  of  New  Zealand,'  p.  37. 
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liv  liiiiiMi|iil<'  \n  1m«  iirovfMl  1)V  tlioir  foB^ils.  But  it  is  a  curious  fact  that 
wlii'ii'  IIiM  Iiowrr  Dnvuiiiiin  InidH  arc  l>cst  developed,  the  Upper  Silurian 
rnriiiiiliniiH  II I'M  HnmM^ly  t«»  Iki  recognised,  or,  if  they  occur,  can  hardly 
ho  M(«|inriihMl  fnini  thn  KtM^nllod  Devonian  rocks.  It  is  quite  possiUe, 
1liiM'niiiri\  Mint  llu^  Inwor  portinim  of  what  has  1)ecn  termed  the  Devonian 
Mniiivi  inny,  in  «MM'lnin  n»;;;l(uis,  <»>  some  extent  represent  what  are  el«e- 
wlipio  nM'o^niMcMl  MM  iindiMil»ltHl  Lndlow  or  even  perhaps  Wenlock  rocW 
\Vo  rininitt  HUppoHt'  lliat  llio  rich  Sihirinn  fiuina  died  out  abruptly  at  tbe 
I'luup  ni'  Hu»  liJuUow  p|MH'li.  We  should  l>e  prepared  for  the  discovery  of 
Silniimi  rivks  yonngor  thnu  the  latest  of  those  in  Britain,  snch  ai 
noiinndo  rthovvoil  loovist  in  his  Ktago  H,  or  for  a  DevoniAn  £aci€s  of 
|'.v«!^jls  in  iih'Kn  Nxhioh  «ro  nevertheless  rotrjirdeil  as  Siiuiian.  The  px& 
lonnoil  I. .uxor  iVvonian  n\«y  |VHrtly  represent  si^^Tno  of  T*ie  ia'WT 
of  Nil«vi;«n  life.  i>n  the  other  luuuh  the  upper  parr*  of  lie  Devn 
liyvtont  niijiht  \\\  several  n^s|HVts  K>  elainu^i  .1*  6iirly  ttci-.c^i;^  t>iie 
rrttlvMutoi\»u>  svsteni  alxne. 

V]\o  \i\w  Mr.  JuVt>c«  pn^|v»si\l  a  siilntiori  of  liiv  r«eviffifl2i  Tff:«lilflnL  tk 
otVe.1  x\i  \\\\\A\  \\\^\\\A  Iv  to  turn  thewh. Ic  "f  iric  iKvriniKL  r«»  in: 
1 .1  >\x  i^v  Ort  vK  MU 1  Vi\>ns.  And  \  o  pi  a  iv  1  h  evn  ;  1 ";  •.  vt-  xj j  f  «." » j  £  ±;f»ti  SaxiOR^^iDr. 
XX 1  vi r h  x\ -, n:i  1 , 1  t  h. n>  K\ -.'^^iio  t he  si'l e  n :  "i-i -sv:. : 1 1: vt  ii-.  Ijur •  ow  (t  lif 
1 11 1  o vx  n  1  *  VI  >x  eoii  Si  1  r* ri ft n  and  i^rlviTiif i  r .  -ns  t: lu < . .^  ii.  Tiif  1 1  iD ^^wiiz 
« ? ,>v,  1 V.  J  i  .-iv. N  AW  ti  *^•*l  v. v. t  m  "ill  f. "TST  1  x'   ^i": vi •: i  .  ■:  -Ji  j (   I  »r '^ •  ni inr  Tn«i  uic 


■  •.-       '  ••:  .:w    :'■«■    ■.»:■:*•  ^■"   V  :■:■;    -, ».,    r  >.-i>  v'- ".    .,   ^n:.':ii.iT*-i.      T:*-.  4'>^c 

^  i"^-   1      .1,  s:'>.>    ii.h.  ..  i;   >}.  :•  JST  ■:«!■**»    i.'    I"*-     ii'  t     :ir^    ■ — IV;-.  'JCfr    VTIU    ?jHtr 

••■  -  ■      :"*»         '.1':'^:      *    •.;>     JTTj.;!      I     J"*'.-       ^'.^   '      .    V:jt.-;,        T-L      J^-     ililXW, 

"    •  '  '•'■:■     >.    ■'«»  ■;■;■;!..   :!.-ii.^!   "I  M   i     :.■■    I-    T-.:ix*«s  ."'J-  ^■"Ecrfe'UE 

■♦■■**  ■•^'    i»  ;."*«  i    111-    iiiiir.*: -,:  v    -:    ;<;     I:- —v.!..     r.  -  .•    :    : 
•'"'*  -    "  '■:^   ^.~Ti  tr    n:  tiii   T.;-rnin    i,«w»-'   !•  \.ii.i.t     -i-u     ..    tu   ^  ^ 

>    -i.il. .ft   i>niM»fK.  n.  Hr.-  -.  ?^-    /-.»-.    r^-..-T*-   T^-.  -^ 


i^iBattvil.  Vr-,i.  Uiill.  t^t.  J   \\-.,t.  >#.    x\t-       •*•'?!».      iV:  xxtf- 
J.  -IS    — iL     l*»5i>  n  ."llv.    Tho general  uriji"!  iiir--  hhki  fnivi^r    :    i*.    »yi-;.»£^:  ' 
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often  crowJed  with  the  corals  ami  iiioUnsks  of  tho  clearer  water  in  which 
they  were  lai*l  down,  and  in  some  cases  actually  representing  former 
€X>ral-rcefs.*  Tho  npper  series  is  more  variahle :  heing  in  some  tracts 
conijK>sed  of  sandstones  and  shales,  in  others  of  shales  and  limestones, 
but  everj^^vhere  presenting  a  more  shaly  thin-hedded  aspect  than  tho 
BuTxli visions  Iwneath  it.  Consideralde  masses  of  dial )ase,  tuff  (schalstoin), 
and  other  associated  rocks  are  intercalated  in  the  Devonian  system  in 
Devonshire  and  in  Germany.  As  a  rule,  the  rocks  Imve  l>een  subjected 
1x)  nu^re  or  less  disturhance,  and  liave  in  sniuo  places  l)een  plicated 
and  cleaved,  and  even  metamor|ihosed  into  schists,  qnartzites,  &c.  Jn 
some  districts,  they  have  heen  invaded  hy  large  masses  of  granite  and 
other  eruptive  r(:K?ks. 

Among  the  eccmomic  product*,  the  most  ]mix)rtant  in  Europe  are  tho 
ores  of  iron,  lead,  tin,  copper,  &c.,  which  occur  in  veins  or  lenticular 
masses  through  the  Devonian  rocks  (Devon  and  Cornwall,  Ilarz,  &c.). 
Ill  North  America  the  Devonian  rocks  of  Pennsylvania  contain  bands  of 
••sand-rock"  charged  with  petroleum. 

Life. — An  abundant  cryptogamic  flora  covered  the  land  during  tho 
ages  that  snccoeded  the  Silurian  pericxl.  As  tho  remains  of  this  vegeta- 
tion are  chiefly  presen-ed  in  the  Old  lied  Sandstone  facies  of  dei)osits,  it 
is  descrilKjd  at  p.  707.  The  fauna  of  the  Devonian  "rocks  is  nneqni- 
vocally  marine.  Among  the  more  h>wly  forms  of  life,  are  some  the  true 
zoological  grade  of  which  has  l)een  the  subject  of  much  nncertainty.  Of 
these,  tho  fossil  kno\\ni  as  Calceola  ftamlalina  (Fig.  .'330)  has  l)een  suc- 
cessively descrilicd  as  a  lamellibranch,  a  lii]»pnrite,  and  a  ])rachioiKKl ; 
but  is  now  regarded  as  a  rugr)sc  coral  possessing  an  opercular  lid.  Tlio 
Pleurodiciijum  prMematicum,  a  well-known  form  of  tlie  Lower  Devonian 
In^lsy  is  now  classed  witli  the  Farositldie  among  the  jxirforato  corals. 
The  puzzling  genus  Stromatopora  occurs  in  some  of  the  limestrnies  as 
abundantly  and  much  in  the  same  way  as  rcef-biiilding  corals  do  in  a 
modem  coral-reef.  The  cnrious  Becfiptarnlitci*,  already  (p.  G61)  refeiTcil 
to,  is  a  well-known  Devonian  fossil.  The  last  graptolites  are  met  witli 
in  the  Devonian  system.  The  verv  ancient  jirimordial  genns  Dirtyograptutt 
gurvived  till  Middle  Devonian  time  in  North  America.  The  genus  Mrmfj- 
grapiM  is  peprescnte<l  by  no  fewer  than  eight  species  in  the  Hercyninn 
formation  of  the  Harz,  among  them  Ijeing  M,prio(lou,  which  iK'gan  to  live 
at  least  as  far  l)ack  as  the  time  of  the  Caradoe  rix:ks.'-  The  morals  of  iIm- 
Devonian  seas  were  lK)th  abundant  in  individnals  and  vari^'d  iu  tinii 
Specific  and  generic  range.  Not  a  single  siK-eies  is  common  *it]i«*r  t-i  tin 
Slnrian  system  lielow  or  the  CarlHiniferons  alK»ve.  Among  iln-  rri;:-i>« 
fimnSf  the  genera  Cyathoplnjllum^  Actrvuhma,  and  Cfjffllphyilum  hh  ijjaiiii;- 

■  Dn]»on1,  J/iilt,  Acad.  Hoy.  Belgi'ine  '3)  ii  ;  CompOn  nnd.  Fil*.  \>.  JS-»:      'In. 
Aouni-iit  fcin;;nlurly  Icnticula  chiiracttT  i>{  Palaozoic  liiiH-Btom;.-  i^  <.'Aj'ii«Mi.i-  i.i' 

uuicilion  thnt  in  mmiy  cases  they  ctcw  up  in  natohiM  iift«'i  tin-  iiiurtm'  «■■  ii»..ni: 


lujplion  ihnt  ia  nmny  cases  they  grew  up  in  patohi- 

I-Tv^fn.    Tlic  intemipted  banda  of  alinlo  in  tin;  WV^hwi  J>i'siniii!r    Inn.  r- ..i 

j^Mrdcd  by  M.  Dapont  as  representing  thii  lagrx;nii  thut  \^i.-i'    ljli«'(i  uj-  *i\.    nnianv 

^«R  Knywsr,  Ahhandh  Speeinlkart'  Vrrvfitn  IT.  If.M  I.  1>'7> 
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teristic.  Tlie  tabulate  kintla  l)eloug  chiefly  to  the  two  important 
genera  of  Favotilea  and  AlveoUlet.  Of  the  echinodenns  by  far  the  most 
abundant  roprcsontatives  are  criuoids,  wliioh  occur  in  great  proft 
the  linietitoDca,  sometimes  forming  entire  beds  of  rock.  They  belong 
chiefly  to  two  families — tlie  Cgathocrinidte,  simple  peduncnlat«  forms  witli 
five  branching  arms,  and  Caprestocrmidx,  having  five  arms  which 


rtt.  glu  ind  lugnlflHl  (Lawn-  Old  Red  8«nd]toci«) -,  \  Enlg-a 

jp.,  imgnlflrd  (Upper  DevobImu)  ;  c,  Egryplmu  pygnurnii,  S«1t.CLo-^ 

nUHif)  I  d.  ItcTTRMiu  inillcua.  Ag.  (Lower  Old  Red  BtDdttonp) ;  t,  Pbtraja  W"^ 

rcDrvnBlin);/.  JtninWtu  lUbellirrr.  Ooldf.  (Lawn  Devniui)  i  ^  Homalonotui  - 

^T  DerwnUn). 


folded  up  fonn  a  jwutagonal  p\Tamid,  the  accurate  fitting  of  whi^^^ 
recalls  the  ambulacra  of  soa-urcbiiis, '  ITie  C'ystideans  appear  to  ha"*' 
dietl  out  in  the  Devonian  period.  True  star-fisliesalsooccTir(lWtaiilio»t^'l 
Attropecleu,  Calaster). 

The  kiifiwn  cruBtacean  fauna  of  tho  Devonian  period  indicates 


V 
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iking  diminution  both  in  number  of  individuals  and  of  species  of 
.obites  (Fig.  329).  Most  of  the  genera  so  abundant  and  cbaracteristic 
ong  the  Silurian  rocks  are  now  absent,  the  most  frequent  Devonian 
ma  being  species  of  Phacapa,  Cryphseus^  Homahnotus,  Dalmanites,  and 
nUeus.  The  ostracods  are  chiefly  represented  by  the  genus  Entomis 
gpridtna),  which  occurs  in  enormous  numbers  in  some  Upper  Devonian 
lea  ("  Cypridinen  -  schiefer  ").  The  phyllopods,  eurypterids,  and 
riapods  appear  chiefly  in  the  Old  Bed  Sandstone,  and  are  noticed 
p.  710  (Fig.  329,  a,  c,  d).  Altogether  45  genera  and  290  species  of 
ironian  Crustacea  are  known. 

Among  the  mollusca  of  the  Devonian  rocks  remains  of  the  pteropod 
UacuUieB  are  not  imcommon.  The  brachiopods  now  reached  perhaps 
ir  maximum  development,  whether  as  regards  individual  abundance 
number  of  specific  and  generic  forms ;  no  fewer  than  61  genera  and 
K)  species  having  been  described.  They  compose  three-fourths  of  the 
ywn  Devonian  fauna.  While  all  the  families  of  the  class  are  rejire- 
ted,  the  most  abundant  are  the  Spiriferidge,  including  the  genera 
ri/era^  Cyrtia,  Athyria  (Spirigera)^  Undies^  and  Atrypa,  and  the  Bhyn- 
wdUd»  (Shynchmella^  Camarophona^  Pentamei-ufi).  The  Strophomenids 
Qrthids,  so  abundant  in  the  Silurian  rocks,  are  now  represented  by 
waning  number  of  forms,  including  the  genera  Orthis,  Strophomena, 
8piorhynchus,  and  Leptsena,  The  Productids  made  their  appearance  in 
nrian  times,  but  were  more  abundant  in  the  Devonian  seas,  where 
ir  most  frequent  genera  were  Chonetea  and  Produdua,  both  of  which 
seined  their  maximum  development  in  the  Carboniferous  period.  One 
the  most  characteristic  and  largest  Devonian  brachiopods  is  Stringo- 
hcivM — a  genus  allied  to  Terehratula,  but  entirely  confined  to  this 
logical  system  (Fig.  330).  Another  characteristic  terebratula-liko 
m  is  Benaaeleria. 

The  known  Devonian  lamellibranchs  number  90  genera  and  900 
cies,  belonging  chiefly  to  the  genera  Pterinea,  Cardiola^  Megalodon, 
immyaia,  Oueatleea^  Curtonotua,  Lucina,  and  Aviculopecten  ;  Pterinea  being 
cially  abimdant  in  the  lower,  Cuculleea  and  Curionoiua  in  the  upper 
•division  of  the  system.     The  most  important  genera  of  gasteropods 

Euomphcdua,  Murchiaonia,  Loxonema^  Macrocheilua,  Gapulua^  and  Plen^ 
maria,  with  the  heteropods  Bellerophon  and  PorcelUa.  The  cephaloj>ods 
brace  representatives  of  both  the  tetrabranchiate  families  of  Nautilids 
L  Ammonitids.  Among  the  Nautilids  are  the  genera  Clymenia  (50 
cies),  an  especially  abundant  form  in  some  of  the  Upper  Devonian 
les  and  limestones,  Gyrocerda,  Orihoceraa  (130  species),  Cyrtoceraa  (60 
cies),  and  Oomphoceraa.     The  great  family  of  the  Ammonites  had,  in 

Devonian  waters,  representatives  of  the  more  abundant  coiled  forms, 
the  characteristic  genus  Ooniatitea  (1 68  species),  and  of  the  straight 
US,  in  Bactritea  (9  species).  In  the  Devonian  rocks  of  Central  Europe, 
nty  remains  of  the  great  fish  fauna  of  the  Old  Red  Sandstone  have 
n  found,  more  especially  in  the  Eifcl,  but  seldom  in  such  a  state  of 
aervation  as  to  wan*ant  their  being  assigned  to  any  definite  place  in 
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tho  zoijlogical  scale.  Professor  Beyricli  has  described  from  GerolBtein 
ill  tlic  Ktfel  ail  undonlrtod  species  wf  Plerichthyt,  which,  as  it  cannot  bo 
certflinly  identified  witli  any  known  fonn,  he  lias  nained  P.  rhenanut.  A 
Coet-otlciit  has  l>cen  descrilwd  by  F.  A.  Roemer  from  tho  Harz,  and  more 
recently  one  lias  l«en  cit«l  fn)m  Bicken  near  ircrl>om  by  Von  Koencn ; 
but,  as  Huyrich  jviinfs  out,  thero  may  he  snmo  doubt  as  to  whctlicr  the 
latter  is  not  a  Plerichlliij»}  A  Cteniicnnthm,  sccmiiiRly  Tindistinguishablo 
from  the  0.  hohemirus  of  Rarrniidc's  ^taM  G,  has  also  Iwen  obtainod  from 


(inl,  lvr.;n>,  tto.  Jmttnl, 
HI  (ilt-Jniicu).  Sow.  I    lii, 

tho  Luwev  Uovonittii  "  Koreitenschichten  "  of  Thiiringia,'  Two  sharl-^^-** 
(^Palailajihts  iccmt'ienrnt  and  Sijsfamntltag  GoeaeUtij  have  beeu  obtaine::^*" 
from  the  Belgian  and  north  of  France  area.  Tho  characteristic  Hohpl,  "^t" 
ehiuM  }U'h!Ui»iiii»8  has  recently  been  detecteil  in  tho  Fsaiiiiiiite  Jo  Condrod^:^'^ 
which  in  Belgium  forme  a  characteristic  sandy  portion  of  tho  Upp- — ^^ 
Doviuiiiiii  rocks,    Tlieso  are  interesting  facta,  as  helping  to  link  t  'Jio 


'  X'ilirh.  Thvt»el\.  GmiI.  GewH.  irix.  751. 


»  Op.  nil.  42* 
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Dovonian  and  Old  Eed  Sandstone  types  together.  But  thoy  are  as  yet 
too  few  and  unsupported  to  warrant  any  large  deduction  as  to  strati- 
graphical  correlations  between  those  types.  The  fishes  of  the  Old  Kod 
Sandstone  are  noticed  on  p.  710. 

§  2.    Local  Deyelopmont. 

Britain.' — The  name  "Devonian**  was  first  applied  by  Sedgwick  and  Murchison 
to  tho  rocks  of  North  and  Sonth  Devon  and  Cornwall,  whence  a  suito  of  fossils  was 
obtained  which  Lonsdale  pronounced  to  be  intermediate  in  character  between  Silnrian 
and  Carboniferoos.  The  passage  of  these  strata  into  Silnrian  rocks  has  not  been  satis- 
foctorily  determined,  but  they  clearly  graduate  upward  into  OarboniferouB  strata.  Thej 
may  be  arranged  into  three  divisions,  as  in  the  subjoined  table : — 

IPilton  and  Pickwell-Down  Group.— Grey  slate  with  conrses  of  impure 
limestone  (Pilton),  passing  down  into  yellow,  brown,  and  red  sand- 
stones (Baggy  Point,  Marwood),  and  a  series  of  hard  grey  and  retl 
sandstones  and  micaceoos  flagstones  at  the  base  (PickweU-Down,  Dal- 
verton,  Morte  Bay). 
IUfracombe  Group.--Grcy  unfossiliferous  slates  (Morte  Hoe,  Woolacombe, 
and  Lee  Bay)  passing  down  into  calcareous  fossiliferous  slates  and 
limestones  (llfracombe.  Combe  Martin,  Torquay,  Plymouth),  resting 
on  hard  green,  grey,  and  red  grits,  sandstones,  and  conglomerates 
(Hangman  Hill). 
ILynton  Group. — Soft  slates  with  thin  limestone  and  sandstone  bands 
(Lynton),  resting  on  lowest  schists  and  red-grey  micaceous  sandstones 
(Lynton,  Lynmoutb,  Foreland,  &c.).    Base  not  seen. 

The  total  thiokness  of  these  rocks  is  given  by  Dr.  Haughton  at  0600  feet.  Their 
enclosed  fanna  numbers  about  400  species,  chiefly  found  in  the  middle  group. 

Lower. — ^The  clay-slate  of  Looe,  Cornwall,  has  yielded  a  species  of  Pierojipis^  also 
Plewrodidifum  pnMematicum,  The  lower  gritty  slates  and  limestone  bands  of  North 
Devon  contain,  among  other  fossils,  Favonites  eervicorntB,  Cyathopht/Uum  heltanthoidet, 
Petraia  eeltica,  PUurodidtjum  prdblematicum,  Cijathocrinw  (two  species),  Homalonotm 
(two  species),  PhaeopB  laeiniaiWy  Fene9UU<i  antiqita,  Atrypa  reticnlarisy  Orthfe  arenaiat 
J^ri/era  eanaliferaj  8,  Uevicwta^  Pterinea  spinoMy  &c. 

The  British  Lower  Dovonian  rocks  appear  us  yet  to  have  supplied  no  gasteropod  nor 
cephalopod,  and  only  2 1  species  of  braohiopods.  Traces  of  fish  remains  have  been  obtained 
among  them  in  itbe  form  of  bones  and  coprolitic  de'bris.  So  far  as  observation  has  gone, 
not  a  single  Silurian  species  has  been  certainly  detected  in  the  Devonian  rocks  of  Britain, 
with,  according  to  Mr.  Etheridge,  the  sole  exception  of  tho  long-lived  and  universally 
diffnaed  Atrypa  reticularis.  There  can  be  no  doubt,  however,  from  the  meagre  list  of 
foasils  from  the  Lower  Devonian  rocks  of  Devon  and  Cornwall,  that  either  the  conditions 
for  the  existence,  or  those  for  the  fossilization,  of  the  early  Devonian  fauna,  must  have 
been  singularly  unfavourable  in  the  south-west  of  England.'  It  would  be  rash  to  aigue 
as  to  the  extmotion  of  the  Silurian  fauna  from  the  unsatisfactory  evidence  of  these  rocks. 

M  i  d  d  1  e.— As  above  remarked,  this  is  the  great  storehouse  of  Devonian  fossils  in  tho 


op.  _ 

bibliography  up  to  date  will  be  found ;  also  op.  cit.  xxxvii.  Address,  p.  178.  W.  A.  E. 
Usher,  GM.  Mag.  1881,  p  .441.  A.  Champemowne  and  W.  A.  E.  Usher,  Q.  J,  QeoL 
Sac  1879,  p.  582. 

•  The  Devonian  rocks  of  Cornwall  and  Devon  have  undergone  much  crumpling  and 
have  suilered  couBiderablo  metamorphism.  Their  fossils  are  often  singularly  distorted, 
and  mica  has  been  almost  everywhere  abundantly  developed  in  their  argillaceous  and 
calcureouB  portions.  Much  of  the  so-called  "slate"  or  "killas  "  of  these  districts  is  Oi 
lustrous  phyllite.    On  distortion  of  tho  fossils,  see  D.  Sharpo^  Q.  J.  Oeol.  Soc,\\\. 
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Bouth-wcst  of  England.  In  this  fauna,  as  tabulated  by  Mr.  Etheridge,  there  are  8 
protozoa,  including  5  spccios  of  Stromatopora,  of  which  8,  coneentrica  and  8,  piaeenta 
are  characteristic;  24  genera  and  48  species  of  actinozoa,  among  which  the  corals 
A^trvularia  (7  species),  Alveolites  (4),  Cyathophjllum  (12),  Favosites,  Pleurodictynm,  and 
Vetraia  are  conspicuous ;  G  genera  and  12  species  of  crinoids  (JBezaertniw,  CyaihoerintUt 
Cupressocrinus,  &c.);  &  pteropod  (Tentaculites  annulatm);  5  genera  and  6  species  of 
crustaceans,  which  are  all  trilobites  (Phacops  grannlatus,  P.  laiifftmB^  P,  puneiattu, 
JBronteus  flaheliifer,  Cheirurm  articulatM,  Harpes  macrocephdlus).  The  brjosoa  are 
represented  by  6  genera  and  7  species.  The  brachiopods  are  the  most  abundant  fonns, 
numbering  at  present  23  genera  and  80  species  out  of  a  total  British  Devonian  list  of  26 
genera  and  116  species.  Among  them  are  Athyris  coneentrica^  A.  lachryma^  Atrypa 
reticul^iriif,  A  deifquamataf  Camarophoria  rhomboidea,  Cyrtina  Lemarliij  OrihU  <<rtafti/a, 
Rhynclionella  acuminaia,  R.  pugnus^  Pentamerut  hreviroHris,  Spirifera  Vemeuili  (dtt- 
juncta),  Sfringocephalua  Burtinij  Uncitea  gryphuBy  &c.  The  lamellibranchs  are  pooriy 
represented,  13  genera  only  occurring,  many  of  them  represented  by  only  one  species  ; 
the  most  common  genera  are  Pterinen,  Avtculopecten,  and  Megalodon,  The  gastero- 
pods  are  likewise  present  in  but  small  numbers  and  Toriety ;  12  genera  and  36  species  have 
been  enimierated.  O  f  these  species,  5  {Acroculia  vetwtay  Loxonema  rtigt/emm,  L.  tumidum, 
Murchisonia  angulatay  and  M,  Bpinosa)  surriTod  into  the  Carboniferous  period.  The 
cephalopods  are  reprcECutcd  by  5  genera,  the  most  abundant  specifically  being  Cyrtoeemt 
(12  species),  Orthoceras  (8),  and  Goniatites  (12);  one  species  of  Nautilus  also  oocurs. 
Of  the  total  list  of  fossils  a  largo  proportion  is  found  in  the  middle  Devooian  rooks  of 
the  continent  of  Europe. 

U  p  p  c  r. — From  the  calcareous  portions  of  the  Petherwin  and  Pilton  beds  of  Cornwall 
and  Devon  a  considerable  number  of  fossils  has  been   obtained.     Among  the  more 
characteristic  of  these  we  find  11  species  of  the  coiled  cephalopod  Clymenia  (C  wsdulatoy 
C.  hxvigata,  C.  striata},  a  number  of  species  of  Goniatites  (G.  intumesoensy  G,  mtUiUobatus, 
(r.  retrorsuny  G.  auris),  Bactrites  Schlotheimi,  the  trilobites  Phacops  granulatus  and 
P,  latifron^y  the  email  ostracod  Entomis  {Cypridina)  serrato-striatay  the  brachiopods* 
Spirifera   Vernenili  or  disjuncta,  Slrophomena  rhomboidaliSy  Chonetes  hardretmSy 
ductus  fuhaculeatuBy  and  the  lamellibranch  CucuUtea  Hardingiu    Some  traces  of 
referred  to  Coccosteus  (?),  have  been  found.    The  Marwood  and  Baggy  Point  beds  have 
also  yieldcil  traces  of  land-plants,  such  as  Knorria  dichotoma  and  Palxopteris  hibemiea,^ 
the  latter  fern  being  common  in  some  parts  of  the  Upper  Old  Red  Sandstone  of  Ireland.^ 

The  higher  red  and  yellow  sandy  portions  of  the  Upper  Devonian  rocks  shade  u] 
insensibly  at  Barnstaple  in  North  Devon  into  strata  which  by  their  fossils  are  placed  at 
the  base  of  the  Carboniferous  Limestone  series.    But  in  no  other  British  locality  save 
these  south-western  districts  can  such  a  passage  be  observed.    In  all  other  places,  the 
Carboniferous  system,  where  its  true  base  can  be  seen,  passes  down  into  the  red 
and  marly  strata  of  the  Upper  Old  Red  Sandstone  without  marine  fossils.    Of  the  totaK 
known  Devonian  organisms  of  Britain,  32  genera  and  51  species  pass  up  into  the  CSarboni — 
ferons  syst4?m. 

Central  Etirope.—  A  large  tract  of  Devonian  rooks  extends  across  the  heart  of  EuropcL,^  '^^ 
from  the  north  of  France  through  the  Ardennes,  the  south  of  Belgium,  and  Rhenisfav:  ^  '^ 
Prussia,  AVestphalia  and  Nassau.  But  that  the  same  rocks  have  a  much  wider  spreaC:^  -^ 
under  younger  formations  which  cover  them  is  shown  by  their  reappearance  fax  to  thei^  -** 
west  in  Brittany,'  and  to  the  east  in  the  Harz  and  the  Thuringer  Wald.  They  present^"  ^* 
a  much  clearer  sequence  of  strata  than  their  British  equivalents,  for  they  can  be 
in  many  places  to  pass  down  into  Silurian  beds  as  well  as  to  graduate  upward  into  th< 
Carboniferous  system.  In  the  Belgian  and  Elfelian  tracts  they  have  been  subdivided 
under : — 


'  A  ridge  of  Devonian  rocks  stretches  eastward  under  the  south  of  England 
its  existence  has  been  proved  by  well-borings  at  London),  and  no  doubt  joins  th< 
Devonian  area  of  the  Boulonnais. 


r.  iu.  I.  §  2.] 
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Belgium  and  the  North  of  France.^ 

Tamennieii,'  coosistiDg  of  two  facics : 

(6)  Psammites  da  Condros  (Con- 

drasien),    in   which   six   zones 

are     distingaished     (Cucullsea 

Hardingii,   Spirifera   Veriieuiii, 

Rhynchonella  Jhimonti,   Orthis 

crerUstrui,    Phacops    hUfrons, 

PalcBopteris   hibcmica^  Spheno- 

pteris  fiaccida,  &c.). 

(a)  Schisiea  de  Famenne,  divisible 

into   four   zones    (1)   that  of 

Spirifera  distans^  (2)  of  Jthyn- 

(Swnella  letiensiSf  (3)  of  Jihyn" 

choneUa  Dumoati^  (4)  of  BhyU' 

chonella  Omaliusi, 

F  r  a  8  n  i  e  n,  varying  in  composition  and 

organic  contents  in  different  parts 

of   the   Devonian    basins.    In    the 

Dinant  basin  it  consists  of 

(6)  Schistes  de  Matagne  (Gonia- 

tit€8    retrorsuSf    Cardium  pal- 

nuitum,   Cktmarophoria  twnidaj 

Bactritea    8ttbconicitSf    Entotnis 

{^Cypridind]  serrato-striatd), 

(a)  Calcaires  et  schistes  de  Frasne, 

with  abundant  fossils  {Bronteus 

fiabellifer^    Ooniatites   intumes" 

censj   Spirfera    Vemeuiiif    Sp, 

pachyrhyticha,     Sp.     orbelianay 

Spirigera   concentricOf   Atrypa 

reticulariSf  RhyjichoneUa  cuboid 

deSj  Camarophoria  formosoy  RC' 

ceptacuiites  NeptunC). 

'Givetien. — ^The  great  limestone  of 
the  middle  Devonian  series,  well 
seen  at  Givet.  Among  the  abundant 
characteristic  fossils  are  Spirifera 
mediotexta,  Sp.  undifera^  Strimjo- 
ccphcUus  Burtini^  Uncites  gryphus^ 
Megaiodon  cucttiiatus,  Murchisonu.i 
coronatcL,  M.  hiUneatOj  CyathophyUum 
quadrigeminumj  ffelioiites  porosa. 

In  the  basin  of  Namur  the  conglo- 
merate of  Pairy-Bony  lies  below  the 
limestone,  and  contains  a  band  of 
sandstone  with  plants  {Lepidoden- 
dron  gaspianum). 

£  i  f  ^  1  i  e  n,  Shales  (Schistes  de  Cou- 
vin),  with  Caloeola  sandalinoj  Pha" 
cops  latifronSy  Spirifera  currataj  Sp. 
subctispidatay  Sp.  elegans,  Spirigera 
concentrica^  Pentamerus  gaieatus, 
Stropfuiiosia  productoidc^y  &c. 


Rhinelaod.* 


■ 


(c)  Sandstone    and    shales   (Spirifera 
Vemeuilij    Productua    subaculeatuSf 
Cucuiltea  Hardingii,  EfU<nni8   [OJy- 
pridind]  scrrato-striata). 


(hi)  Shales  and  marls  (Goniatites  ret- 
rorsuSf  G.  primordicUiSf  Orthoceras 
subflexuosum,  Bactritea  gracUis^  Pleu- 
rotomaria  turbineay  Cardioia  retro- 
striata,  Entomis  serrato-striata,  kc). 


(a)  Cuboides  beds, — nodular  crum- 
bling limestone  (Kramenzelkalk), 
dolomitic  marl,  and  shaly  lime- 
stone (Spirifera  VemenUif  Sp.  Urii, 
Atrypa  reticularis,  Phynchoneiia 
cuboides,  Productus  subacuieatuSf 
CamaropJtoria  formosa,  EeceptacU' 
lites  NeptunC). 

(b)  Stringocephalus  group,  consisting 
of  the  great  Eifel  limestone  with 
underlying  crinoidal  beds  (Stringo- 
cephalus  Burtini,  Spirifera  undata, 
Productus  suhaculeatus,  Pentamerus 
galeatus,  Atrypa  reticularis,  Caloeola 
sandaUna,  and  many  corals  and 
crinoids). 

(a)  Calceola  Group, — marly  limestones 
full  of  Calceola  sandaliwt,  Spirifera 
concentrica,  Camarophoria  micro- 
rhyncha,  &c.,  resting  upon  impure 
shaly  ferruginous  limestone  and 
grey  wacke,  marked  by  an  abundance 
of  Spirifera  cultrijugata,  Shyncfto- 
nella  orbignyana,  Atrypa  reticularis, 
Phacops  latifrons,  &c. 


*  Bee  Dewal^ue'8  'Prodrome,'  Mourlon'e  *Geologie  de  la  Belgique,'  and  e»pecially 
wlet^B '  EsqnuBe  O^logiqne.' 

•  flee  the  series  of  elaborate  papers  by  R  Kayser  in  the  Zeitschrift  Dtutfch.  Gfol. 
•A  vols.  xxiL  (1870)  to  xxxiii  (1881).  and  Abhand.  Geol  Specialkarte  PrtusMen,  hand 

HeA  4,  1878.  For  the  classification  of  the  Lower  Devonian  rooks  between  th«j 
mm  ftnd  Weaterwald,  see  G.  Koch,  Jahrb.  K.  Preuss.  Geol.  Landcsaust.  Itibi); 
Xmer,  N.  Jahrb.  1880, 1882. 

*]L  UoorloDt  'Monograpliie  du  Famenuien/  Bull  Acad.  Boy.  Jklgi^^ut,  lt5<u^ 
tti 
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IVlgium  and  tbe  >'ortU  of  Franco. 

'C 0 b  1  c  11  z  i  e  n  or  G rau  wacke,  eoin- 
I»oseil  of  four  zones  of  greywacko, 
saiul.'ttones,  shales,  and  conglome- 
rate (Poudiugue  dc  Burnot,  Ahrieu, 
Iliindsruckien),  with  PlntrodicVjiun 
proljh'nmticum,  Choiveks plchciUy  Stro' 
j/homcrui  dejtrcssay  Strophomena  da- 
IruiensiSy  Lcptxna  Murchvsonii,  Rhjii' 
choncUa  (/liitjnyana,  Spirifcra  siOt- 
cuifjndat^i,  Sp.  ctdtrijwjata,  Sp,  purU' 
dnx'iy  Cakcvla  g<mdalinay  nunicroos 

T  ft  u  11  u  s  i  e  n,  consisting  of  the  Gi^s 
d'Anor  (^Spirifcra  iHirmloxa,  Sp, 
JJiSihoffi^  Spirit/era  undnt'(f  &c.). 


Gedinuicn,  comprising  nn  upper 
gritu})  of  shales  and  sandstones  and 
n  lower  group  of  fossiliferous  shales, 
quaitzo-phyllades,  quartzites,  and 
LMjugluinerates.  The  fossils  in  the 
lower  group  comprise  Dalmaniten^ 
Jloiiudonottts  Hntncrif  Prhmtia 
JoiU'siij  Tentaculitcs  fjrandis,  T.  i'/*- 
regnlaristf  Spirifcra  ifvrcuri^  Orthis 
Vcnictiili,  Fkriiiea  ovaliSf  &o. 


lUiineUimL 


(c)  Upper  Qrerwacke  (Vichtersdiich- 
tenX  with  Vkonete*  aarcinidHta,  CU, 
diiatata,  ^ynch(meUa  or6£/»^aiid, 
numeroui  PierincK. 

(Ji)  Ahr  group,  —  greywacke,  shales 
with  ChoruUs  sardnuhta,  C.  diUi- 
tifta^  Jihi/Hchottelta  lieoniea,  Sjnri' 
fcra  paradoxa,  Sp,  s/ic*cio«u«,  many 
species  of  Ptcrinea,  Plcurtftoriuirit^ 
and  ifurchisoiiiii. 

(ii)  (/oblentz  group, — greywacke  aiiJ 
clay-slate  {LepixiM  hticosta,  Chi>- 
iiitcs  siircinuiaiay  RhynchMcUa  ii- 
maica^PleurodictytWiprifbletHaticutrt, 
&c.). 


la  tho  Harz,  according  to  tho  rescaiohcs  of  F.  Roemcr'  and  K.  A.  Loseen^'tbe 
Devonian  system,  which  is  there  largely  developed,  consists  of  (1)  a  lower  group  of 
quart zites,  grey wackes,  flinty  slates,  cluy-slutes,  and  associated  bands  of  diabase  (Tannu* 
qunrtzite,  HuRsrilck  shales,  &c.,  resting  upon  tlio  graptolitic  Wiedcr  shules  and  Tanntr 
groy  wacko,  which  arc  referred  to  tho  Silurian  system) ;  (2)  a  middle  group  oomp(>sed  of  (a) 
Culotola-bcds  (S}tirifcra  cuUrijugata,  Calceola  miidalina)  and  (h)  Striiigoccphaliu  linit^ 
stone  ((.'onbisting  of  a  lower  crinoidal  band,  33  feet,  and  a  massive  limestone  sometimes  1300 
f«.ot  thii'k);  and  (3)  an  upper  group  consisting  of  (a)  Cuboides-beils,  limestones  and  marls 
(/>)  Goniutitc  shales,  (r)  Cyi>ridina  shnles.  Ileprcsontatives  of  tho  same  system  reop^'i-ar 
with  loeal  iK'trojJcrftphical  modifications,  but  with  a  remarkable  i)ersistence  of  geneml  [4- 
luji»iitologioiil  cliaracttrs,  in  Eastern  Thuringia,  Franconia,  Saxony,  Silesia,  the  n-Ditli 
of  IMoruvitt,  and  East  (Jnllicia.  Devonian  rocks  have  been  detected  among  the  cruuijileti 
formations  of  the  fityrian  Alps  by  means  of  the  evidence  of  abundant  cunds,  oiymciiiaa. 
ga.sterojK)ds,  lamoUibrauchy,  and  other  organic  remains.  Perhaps  in  other  traeU  of  the 
Alps,  as  well  us  in  the  Carpathian  range,  siinilnr  shales,  liniestnuei?,  and  dolomitt-?. 
tiiough  as  yet  unfossilifcrous,  but  containing  ores  of  silver,  lead,  mereiiry,  zinc,  c^jlult, 
and  other  metals,  may  be  retemblo  to  the  Devonian  system.  To  the  west  of  tiio  centrJ 
area  tht;  systi^n  has  bren  recognised  by  its  fossils  in  tho  Doulonnais,  where  its  middle 
and  upjK.r  njcnibers  ((rivetian,  Fiasnian,  Famenuian) arc  well  exposed.  In  N  ormandy 
and  M  a  i  n  v,  sandstones  (with  Orthitt  Moniiitri},  followed  by  limestones  (with  iioMalHia- 
iiiM,  Crifjihutat,  I'hacops,  &c.),  and  by  upper  greywackes  and  sliales  (with  Plewdk' 
tijuiit  jiiohh  iiuitiruiii)  are  reft-rrod  to  the  Lower  Devonian  series.  In  Brittany  abo^LoW 
Devonian  strata  are  found  containing  a  mixture  of  Silurian  and  Devonian  gpedfOk* 
AuMiii,  tlir  centntl  Silurian  zone  of  the  Pyreneos  is  flanked  on  the  north  and  ioiili 
by  \iuid>  nf  I),  vonian  rocks  (with  broad-winged  spirifer?  and  other  charnrtrii^c  ftwb). 


'  *  Vtrstt  in«  rungen  des  Ilarzgebirges,'  1843;  *Ilhuuifich,  Ucbui;iui^»4:tl.i'-  .  i  '^■ 
-  '<;eolo;iiseh.  i;ibLr?siehtskartoUara/lt;81. 
•'  liarjoif^,  Ann.  Soc.  iUol.  Nord.  Vf, 
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lieh  have  been  greatly  diiitorbed  and  altered.  In  tho  Asturias,  according  to  Barroid, 
oass  of  strata  about  3280  feet  thick  contains  representatives  of  the  three  divisions  of 
>  Bevoqian  series,  and  has  yielded  an  abundant  fauna,  numbering  upwards  of  180 
Mueg,  among  which  the  corals  and  brachiopods  are  specially  abundant.* 
Throughout  central  Europe  there  occurs,  in  many  parts  of  the  Devonian  areas, 
Idenoe  of  contemporaneous  volcanic  action  in  the  form  of  intercalated  beds  of  diabase, 
tbaae-tufl^  schalstein,  and  porphyroid.  These  rocks  are  conspicuous  in  the  **  grecn- 
me  **  tract  of  the  Harz,  in  Nassau,  Saxony,  Westphalia,  and  the  Fichtelgebirgo.  Hero 
d  there,  the  tuff-bands  ara.crowded  with  organic  remains.  It  is  also  deserving  of 
ooark  that  over  considerab]|^  areas  (Ardennes,  Harz,  Sudeten-Gebirge,  &c.)  the  Devonian 
Umentary  formations  have  assumed  a  more  or  less  Bchistose  character,  and  appear  as 
artzb-phyllades,  quartzites,  and  other  more  or  less  crystalline  rocks  which  were  at  one 
le  supposed  to  belong  to  the  Arclnean  series,  but  in  which  recognisable  Dovoniun 
sila  have  been  (bund  (antet  p.  569).  At  numerous  places,  also,  they  have  been  invaded 
maasei  of  granite,  quartz-porphyry,  or  other  eruptive  rocks,  round  which  they  present 
)  efaaracteristio  phenomena  of  contact  metamorphlsm  (p.  5G4).  These  changes  may 
▼6  led  to  the  subsequent  development  of  the  abundant  mineral  veins  (Devoa,  Com- 
11,  Westphalia  &c},  whence  large  quantities  of  iron,  tin,  copper,  and  other  metals 
Ye  been  obtained. 

Kuflsia. — In  the  north-east  of  Europe  the  Devonian  and  Old  Bed  Sandstone  types 
pear  to  be  united,  the  limestones  and  marine  organisms  of  the  one  being  iuteratratified 
th  the  fish-bearing  sandstones  and  shales  of  the  other.  In  Bussia,  as  was  shown  in 
e  great  work  'Bussia  and  the  Ural  Mountains'  by  Murcliison,  De  Yemeuil  and 
^yserUng,  rocks  intermediate  between  the  Upper  Silurian  and  Carboniferous  Limestone 
Illations  cover  an  extent  of  surface  larger  than  the  British  Islands.  This  wide 
▼elopment  arises,  not  from  tho  thicknesB,  but  from  the  undisturbed  horizontal  cha- 
ster of  the  strata.  Like  the  Bussian  Silurian  deposits,  they  remain  to  this  day  nearly 
flat  and  unaltered  as  they  were  originally  laid  down.  Judged  by  mere  vertical  depth, 
dj  present  but  a  meagre  representation  of  the  massive  Devonian  greywaeke  and  lime- 
HM  of  G^many,  or  of  tho  Old  Bed  Sandstone  of  Britain.  Yet,  vast  as  is  the  area  over 
lioh  they  constitute  the  surface-rock,  it  probably  forms  only  a  small  portion  of  their 
al  extent ;  for  they  are  found  turned  up  from  under  the  newer  formations  along  tlie 
ok  of  the  Ural  chain.  It  would  thus  seem  that  they  spread  continuously  across  the 
lole  breadth  of  Bussia  in  Europe.  Though  almost  everywhere  undisturbed,  they 
Toid  evidence  of  some  terrestrial  oscillation  immediately  previous  to  their  deposition, 
r  they  are  found  gradually  to  overlap  Upper  and  Lower  Silurian  beds. 
The  chief  interest  of  the  Bussian  rocks  of  this  age,  as  was  first  signalised  by  Mnrchison 
d  his  associates,  lies  in  the  union  of  the  elsewhere  distinct  Devonian  and  Old  Bed 
Adstone  types.  In  some  districts,  these  rocks  consist  largely  of  limestones,  in  others  of 
d  sandstones  and  marls.  In  the  former,  they  present  mollusks  and  other  marine 
ganisins  of  known  Devonian  species ;  in  tho  latter,  tliey  afford  remains  of  fishes,  some 
which  are  specifically  identical  with  those  of  the  Old  Bed  Sandstone  of  Scotland. 
tie  distribution  of  these  two  palaBontological  facies  in  Bussia  is  traced  by  Mnrchison 
the  llthological  characters  of  the  rocks,  and  consequent  original  diversities  of  physical 
nditioDB,  rather  than  to  differences  of  age.  Indeed,  cases  occur  where,  in  the  samo 
ad  of  rook,  Devonian  shells  and  Old  Bed  Sandstone  fishes  lie  commingled.  In  the 
it  of  tho  formation  which  extends  southwards  from  Archangel  and  the  White  Sea, 
e  strata  consist  of  sands  and  marls,  and  contain  only  fish  remains.  Traced  through 
e  Baltic  provinces,  they  are  found  to  pass  into  red  and  green  marls,  clays,  thin  lime- 
mes,  and  sandstones,  with  beds  of  gypsum.  In  some  of  the  calcareous  bands  such 
Mb  occur  as  Orlhis  driatulii,  Spiriferlna  priscuy  Leptiviui  prtuhictoitUi,  Sjnri/era 


*  "Becherches  sur  les  Tcrra'us  ancicns  des  Asturics,"  &c.,  Mem.  Si*c,  GioL  Nonl  ii. 
(82. 
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calcarata,  Spirorhis  omphaloides,  and  Orthoceras  sub/mi/onne,  la  the  higher  beda 
Hohptychius  and  other  well-known  fishes  of  the  Upper  Old  Bed  Sandstone  oocor. 
Followed  still  farther  to  the  south,  as  far  as  the  watershed  between  Orel  and  Wonmeseh, 
the  Devonian  rooks  lose  their  red  colour  and  sandy  character,  and  become  thin-bedded 
yellow  limestones,  and  dolomites  with  soft  green  and  blue  marls.  Traces  of  salt 
deposits  are  indicated  by  occasional  saline  springs.  It  is  evident  that  the  geographical 
conditions  of  the  Bussian  area  during  the  Devonian  period  most  have  resembled  those  oC" 
the  Bbine  basin  and  central  England  during  the  Triassic  period. 
The  Bussian  Devonian  rocks  have  been  classified  as  follows : — 

IRed  and  white  sandstone  and  green  marls, — numerous  fish  remains,  par- 
ticularly Hotoptychim  nobUussimus,  Glyptosteus  facosuSf  IHphpUnu 
macrocephatus. 
j.r  r Limestones,  clays,  marls,  dolomite,  and  gypsum, — numerous  character- 

*\     istic  Devonian  shells  and  crinoids,  also  Hoioptychiua  nobUissunHS. 

I  In  some  districts  red  and  green  limestones  with  red  marls  and  Middle 
Devonian  fossils ;  in  others  (North  Livonia)  sandstones  and  days,  with 
numerous  fish  remains  of  the  genera  Osteoiepis,  Dipterus,  Dipiopterusy 
AsteroiepiSy  and  others  found  also  in  the  Caithness  flags  of  Seotland. 

There  is  an  unquestionable  passage  of  the  uppermost  Devonian  rocks  of  Bossia  in.'fc 
the  base  of  the  Carboniferous  system,  but  a  complete  break  between  them  and 
highest  Silurian  strata.    The  lowest  parts  of  the  British  Old  Bed  Sandstone,  cent 
PtenjgotuSt  CephdUupis,  PteraspUt  &c.,  are  wanting. 

North  Amerioa. — ^The  Devonian  system,  as  developed  in  the  Northern  States, 
eastern  Canada  and  Nova  Scotia,  presents  much  geological  interest  in  the  union  wb&ol 
it  contains  of  the  same  two  distinct  petrographical  and  biological  types  found  in  £iir»fje. 
Traced  along  the  Alleghany  chain,  through  Pennsylvania  into  New  York,  the  Devon  £«o 
rocks  are  found  to  contain  a  characteristic  suite  of  marine  organisms  comparable  ivitb 
those  of  the  Devonian  system  of  Europe.    But  on  the  eastern  side  of  the  great  range  of 
Silurian  hills  in  the  north-eastern  States,  we  encounter  in  New  Branswick  and  Ifofs 
Scotia  a  succession  of  red  and  yellow  sandstones,  limestones,  and  shales  nearly  devoid  0/ 
marine  organisms,  yet  full  of  land-plants,  and  with  occasional  traces  of  fish  remaini. 

The  marine  or  Devonian  type  has  been  grouped  in  the  following  sabdivisione  by  (be 
geologists  of  New  York  : — 

Catskill  Red  Sandstone. 
Chemung  group. 
Portage  group. 
Genesee  group. 
Hamilton  group. 
,  Marcel  lus  group. 

(Corniferous  or  Upper  Helderberg  group. 
Schoharie  Grit. 
Cauda-galli  Grit. 

In  the  Lower  Devonian  series,  traces  of  terrestrial  plants  (PHlophyton,  CauhfUfit^ 
&c.)  have  been  detected,  even  as  far  west  as  Ohio.  Corals  (cyathophylloid  forms,  with 
FavonteSy  Syringoporaj  &e.)  abound,  especially  in  the  Corniferous  Limestone,  pezfatp* 
the  most  remarkable  mass  of  coral-rock  in  the  American  PalfiM)zoio  series,  and  fitoo 
which  Hall  has  made  a  magnificent  collection  of  specimens.  Among  the  brachiopo^' 
are  species  of  Pentamerus^  StrieMandinia^  BhynchoneUay  and  others,  with  the  chai*^ 
teristio  European  form  Spirifera  cuUriJugata,  and  the  world-wide  Atrypa  rfUcuionf- 
The  trilobites  include  the  genera  Dalmanites,  Proi-tus^  and  Phctoopt,  Bemains  of 
fishes  occur  in  the  Corniferous  group,  consisting  of  ichthyodorulites,  and  teeUi  of 
cestraciont  and  hybodont  placoids,  with  plates,  bones,  and  teeth  of  some  peculiar  ganoids 
{Macro^taliohtltys,  Onychodua)^ 


Upper  Devonian 
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la  the  Hamilton  fonuation  (embracing  the  Marcellus  sliale,  the  Hamilton  beds,  and 
be  Genesee  shale}  remains  of  land-plants  occur,  but  much  less  abundantly  than  among 
be  rocks  of  New  Brunswick.  Here  also,  as  already  stated,  the  last  of  the  graptolites 
uJce  their  appearance  (Dietyograptus).  Brachiopods  are  especially  abundant  among 
he  sandy  beds  in  the  centre  of  the  formation.  They  comprise,  ns  in  Europe,  many 
road-winged  apirifers  (8,  mueroiiatm^  &cO,  witli  species  of  ProduduSj  CJionetet, 
ikffrUj  &0.  The  earliest  American  goniatites  havo  been  noticed  in  Uiese  beds. 
fewberry  has  described  a  gigantic  fish  (Dinichthye)  from  the  Black  Shale  of  Ohio. 

The  Portage  and  Chemung  groups  have  yielded  land-plants  and  fucoids,  also 
me  crinolds,  numerous  broad-winged  spirifers,  with  Aviculse,  and  a  few  other  lamel- 
branchs.  These  strata,  in  the  New  York  region,  consist  of  shales  and  laminated 
mdatones,  which  there  attain  a  maximum  thickness  of  upwards  of  2000  feet,  but 
a  out  entirely  towards  the  interior.  They  are  covered  by  a  mass  of  red  sandstones 
id  conglomerates— the  Catskill  group,  which  is  2000  or  3000  feet  deep  in  the  Gatskill 
ountains,  and  thickens  along  the  Appalachian  region  to  5000  or  6000  feet  These 
1  arenaceous  rooks  bear  a  striking  similarity  in  their  litbological  and  biological 
laraoters  to  the  Old  Red  Sandstone  of  Europe.  As  a  whole  they  are  unfossiliferous, 
tt  they  have  yielded  some  ferns  like  those  of  the  Upper  Old  Bed  Sandstone  of 
eland  and  Scotland  (Palxopteris)^  some  characteristic  genera  of  fish,  as  Holoptychius 
td  BcihrioUpi$,  and  a  large  lamellibranch  closely  resembling  the  Irish  Anodonta. 
lie  Old  Bed  Sandstone  development,  found  on  the  eastern  side  of  tho  crystallino 
Ige  which  runs  southwards  from  Canada  far  into  the  States,  is  described  at  p.  717. 

Asia. — ^From  south-western  China,  Bichthofen  has  brought  a  series  of  marine  fossils 
lieh  show  the  presence  there  of  strata  probably  referable  to  Middle  and  Upper 
yronian  horizons.  Out  of  28  species  named  by  Eayser,  no  fewer  than  13  are  cosmo- 
UtaD,  including  such  familiar  forms  as  Bhynchonella  cuboideSf  R.  jmgnvs,  PerUamerwf 
ie(Uu9y  Atrypa  reticularis  (var.  detquamata),  Merista  plebeian  Spirifera  Vemeuilit 
rihit  striaivia,  Productus  subaculeatua,  Slrophcdosia  productoide$j  Aulopora  tubxf&rmis} 

Australasia. — In  Now  South  Wales,  the  presence  of  Devonian  rocks  was  determined 
^  W.  B.  Clarke  from  the  evidence  of  fossil  remains.  The  thickness  of  strata  (sand- 
mes,  quartzites,  conglomerates,  shales  and  limestones)  is  in  some  places  estimated  at 
it  less  than  10,000  feet,  passing  down  into  Silurian  and  upwards  into  Carboniferous 
di.     Among  the  numerous  fossils  are  many  forms  familiar  in  corresponding  strata 

Enrope  and  America,  such  as  Cyaihophylluvi  damnoniense,  Favontes  reticulata^ 
.fibrosoj  Ileliolites poroiuSy  Chonetes  Jiardrensi»,  Orihis  striatula,  Bhytichonella  pleurodon^ 
.  pttgnus,  B.  cuhoideSf  Atrypa  reticularis^  Spirifera  Verneuili.^ 

Devonian  locks  play  an  important  part  in  the  structure  of  New  Zealand.  To  the 
wer  part  of  the  system  are  assigned  quartzites,  cherts  and  limestones,  which  in  the  South 
land  at  Beefton  have  yielded  Spirifera  re^pertilio  and  HomaJonotus  expansus.  To  the 
pper  Devonian  series  should  probably  be  referred  tho  enormously  thick  Te  Anau  group 
'  *^  greenstone-breccias,  aphanite-slates,  diorite-sandstones,  with  great  contemporaneous 
)WB  and  dykes  of  dbrite,  serpentine,  syenite  and  felsito."  These  rocks  form  important 
ouutain  ranges  in  the  South  Island,  and  at  Beefton  are  the  matrix  of  the  auriferous 
efs.  They  rest  unconformably  on  the  Lower  Devonian  beds,  and  pass  up  into  tlie 
Altai  series  (Carboniferous).' 


»  Bichthofen,  *  China,'  vol.  iv.,  p.  75. 

2  See  the  authors  cited  on  p.  692,  note  4. 

'  Hector,  *  Handbook  of  New  Zealand/  p.  36. 
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II.  OLD  RED  SANDSTONE  TYPE. 
§  1.    General    Characters. 

Under  the  name  of  Old  Rod  Sandstone,  ia  comprised  a  vaat  and  still 
imperfectly  descrilKMl  series  of  red  sandstones,  shales,  and  oonglomenites, 
intermediate  in  age  l)etween  the  Lndlow  rocks  of  the  Upper  Silnritn 
and  the  Irase  of  the  Carboniferons  system  in  Britain.  These  rocks  were 
termed  ''  Old  "  to  distinguish  them  from  a  somewhat  similar  series  over* 
lying  the  Coal-measures,  to  which  the  name  "  New"  Bed  Sandstone nu 
applied.  When  the  term  Devonian  ^vas  adopted,  it  speedily  supplanted 
that  of  Old  Red  Sandstone,  inasmuch  as  it  was  founded  on  a  type  of 
marine  strata  of  wide  geographical  extent,  whereas  the  latter  term  de- 
scribed what  api)eared  to  be  merely  a  British  and  local  development 
For  the  reasons  already  given,  however,  it  is  desirable  to  retain  the  title 
Old  R^l  Sandstone  as  descriptive  of  a  remarkable  suite  of  deposits  to 
which  there  is  little  or  nothing  analogous  in  tyi>ical  Devonian  rocks. 
The  Old  Red  Sandstone  of  EuroiK)  is  almost  entirely  confined  to  the 
British  Isles.  It  was  de2X>sited  in  sei)arate  areas  or  basins,  the  sites  of 
some  of  which  can  still  be  traced.  Their  diversities  of  sediment  and  du- 
crepance  of  organic  contents  point  to  the  absence,  or  at  least  rare  existence, 
of  any  direct  communication  between  them.  It  was  maintained  many 
years  ago  by  Mr.  God  win- Austen,  and  has  been  more  recently  enforced 
by  Sir  A.  C.  Ramsay,  that  these  basins  were  lakes  or  inland  seas.  Tke 
character  of  the  strata,  the  absence  of  unequivocally  marine  fossils,  the 
presence  of  land-plants  and  of  numerous  ganoid  fishes,  which  have  their 
motlem  representatives  in  rivers  and  lakes,  suggest  and  support  this 
opinion,  which  has  lx>en  generally  adopted  by  geologists.  The  red 
arenaceous  and  marly  ]>eds  which,  with  their  fish  remains  and  land- 
plants,  occupy  a  depth  of  many  thousand  feet  between  the  top  of  the 
Silurian  and  the  base  of  the  Carboniferous  systems,  are  regarded  as  the 
deposits  of  a  series  of  lakes  or  inland  seas  formed  by  the  uprise  of 
pn-tions  of  the  Silurian  sea-floor.  The  length  of  time  during  which 
these  lacustrine  Iwvsins  must  have  existed  is  shown,  not  only  by  the 
thickness  of  the  dejwsits  fonned  in  them,  but  by  the  complete  change 
which  t^x)k  place  in  the  marine  fauna  lx>tween  the  Silurian  and  Carhooi- 
ferous  iKjrioils.  The  prolific  fauna  of  the  Wenlock  and  Ludlow  rocb 
was  driven  away  from  western  EuroiK)  hy  the  geographical  revolution 
which,  among  other  changes,  produced  the  lake-basins  of  the  Old  Bed 
Sandstone.  When  a  marine  i)opulati()n — crinoids,  corals,  and  sheila^ 
once  more  overspread  that  area,  it  was  a  comjdetely  different  one.  So 
thorough  a  change  must  have  demanded  a  long  interval  of  time. 

Rocks. — As  shown  by  the  name  of  the  tyi)e,  red  sandstone  is  the 
predominant  rock.  The  colour  varies  from  a  light  brick-red  to  a  deep 
chocolate-brown,  and  occasionally  passes  into  green,  yellow,  or  mottled 
tints.     The  sandstones  are  for  the  most  part  granular  siliceous  rocbi 
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wherein  the  oomponent  grains  of  dear  qnartz  are  coated  and  held  together 
by  a  crust  of  earthy  ferric  oxide.  Scattered  pebbles  of  quartz  or  of  various 
crystalline  rocks  are  frequently  noticeable  among  the  sandstones,  and  this 
character  affords  a  passage  into  conglomerate.  The  latter  rock  forms  a 
conspicuous  feature  in  many  Old  Bed  Sandstone  districts.  It  varies  in 
thickness  from  a  mere  thin  bed  up  to  successive  massive  beds,  having  a 
united  thickness  of  several  thousand  feet.  The  |)ebbles  vary  much  in 
oomposition.  In  some  beds  they  are  chiefly  of  quartz  or  quartzite,  in 
others  of  granite,  syenite,  quartz-porphyry,  gneiss,  greywacke,  or  other 
crystalline  or  compact  rocks.  They  are  sometimes  tolerably  angular, 
particularly  where  the  conglomerate  rests  upon  schists  or  other  rocks 
which  weather  into  angular  blocks.  In  the  upper  Old  Red  Sandstone, 
thick  accumulations  of  subangular  conglomerate  or  breccia  recall  some 
glacial  deposits  of  modem  times.  For  the  most  ^mrt  the  stones  in  the 
conglomerates  are  well  rounded,  sometimes  indeed  remarkably  so,  even 
when  they  are  a  foot  or  more  in  diameter.  Their  size  ranges  up  to 
blocks  five  feet  or  more  in  length ;  but  these  larger  masses  are  usually 
angular  fragments  that  have  been  derived  from  rocks  in  the  immediate 
neighbourhood.  The  smaller  rounded  blocks  must  often  have  come  from 
some  distance ;  at  least  it  is  impossible  to  discover  any  near  source  for 
them.  Bands  of  red  and  green  clay  or  marlite  occur,  in  which  seams 
and  nodules  of  comstone  may  not  infrequently  be  ol)served.  Here  and 
there,  too,  the  sandstones  assume  a  flagg}''  character,  and  sometimes  ^vass 
into  fine  grey  or  olive-coloured  shales  and  flagstones.  Organic  remains 
occur  in  some  of  these  grey  beds,  but  are  usually  absent  from  the  red 
strata,  though  in  some  of  the  conglomerates  teeth,  scales,  and  broken 
bones  of  fishes  are  not  uncommon.  In  the  north  of  Scotland,  i>eculiar 
very  hard  calcareous  and  bituminous  flagstones  are  largely  develoi>ed, 
and  have  yielded  the  chief  part  of  the  remarkable  ichthyic  fauna  of  the 
system.  In  Scotland,  also,  contemporaneously  erupted  diabases,  jx^rphy- 
rites,  felsites,  and  tuffs  play  an  important  part  in  the  petrography  of  the 
Old  Red  Sandstone,  seeing  that  they  attain  a  thickness  in  some  places  of 
more  than  6000  feet,  and  form  imix)rtant  ranges  of  hills. 

Life. — No  greater  contrast  is  to  be  found  between  the  organic  con- 
tents of  any  two  successive  groups  of  rock  than  that  which  is  presented 
by  a  comparison  of  the  Upper  Silurian  and  Old  Red  Sandstone  systems 
of  western  Europe.  The  abundant  marine  fauna  of  the  Ludlow  i>eriod 
disappeared  from  the  region.  As  soon  as  the  red  rocks  begin,  the 
fossils  rapidly  die  out.  Yet  that  the  Upper  Silurian  fauna  continued 
to  live  on  outside  of  the  Old  Red  Sandstone  areas  is  proved  by  the 
occurrence  of  a  graptolite  and  an  Upper  Silurian  species  of  Orthoceras,  in  a 
zone  of  the  Scottish  Old  Red  Sandstone  5000  feet  above  the  bottom  of  the 
system,  as  graptolites  survived  in  central  Europe  till  the  Lower  Devonian 
period  (p.  713).  On  the  land  that  surrounded  the  lakes  or  inland  seas 
of  the  period,  there  grew  the  oldest  terrestrial  vegetation  of  which  more 
than  mere  fragments  are  known.     It  has  been  scantily  preserved  in  the 
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OLD  BED   SANPSTOSE. 


im 


ITie  iotereijt  of  tlik  florft  a  heightenwl  l.y  tlio  <Uawver\-  of  tlie  faut 
*liat  tlie  primeval  forests  were  not  without  tlio  lutiu  of  iunect  life.  Tin, 
most  Mioicnt  kuo\vn  roli«t  of  insoct  fonos  Imve  Wii  retoveml  fruin  tJio 
Devonian  utrata  of  New  Brunswick.     ITiey  are  all  iieuroptermw  wings, 


1  Manb..  mund 


I.  OkU-'iIi'pIb  mlc  rul<']>l<luiu>.  tktlgu . 


b^Hr.  n 


ami  have  l)een  reffrrofl  liy  Mr.  SciuWer  of  Itrnfuii  t<>  four  si)ecieB  coni- 
hininp;  a  rcniarkalile  uuiun  of  cliaracterH  uow  faniiil  in  distinct  orders 
of  inscctN.  In  one  frngiiiciit  ho  o^)Ber^-Oll  a  Htnictiirc  which  ho  could 
imly  comiwro  to  the  stridulatiug  tirgan  of  some  male  Orthoptera.  Another 
wing  iudicatctj  tho  existence  of  a  gigautie  ExHiemeni,  Midi  a  xprciid  of 
wiiij;  extending  tu  tive  iuohes. 
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Tho  oxistenco  of  myriapoda  in  tho  foresta  of  Ais  ancient  period  lias 
recoiitly  been  shown  by  Mr.  B.  N.  Peaeli,  who  finds  that  the  atMJ^ed 
Kampecarii,  hitherto  regarded  as  a  larval  fiirra 
of  isopod  crustacean,  really  contains  two  genen 
of  ohilognathous  mj-riapods,  dificring  from  other 
known  fomis,  fossil  and  recent,  in  their  lew 
differentiated  structure,  each  body  segment 
Iwing  8Cl)arftt«,  and  supplied  with  only  one  pair 
of  walking  legs.  There  were  also  pnlmimiferoni 
shells,  of  which  one  species  (Strophitea  jjroiMteM, 
Dawson)  occnrs  in  the  plant-beds  of  Bt.  JoIui> 
Now  BmnHwiclc. 

Tho  water-basins  of  tho  Old  Hed  Smidstdw 
wore,  on  the  whole,  singularly  devoid  of  life; 
at  least,  remains  of  it  have  been  but  meagrely 
pre8er\'ed.  Tho  fauna  coDsista  almost  wht% 
of  fishes.  Among  these  the  Pteraipu  surrivB! 
iiir  a  while  fiimi  Upinsr  Silurian  times.  With 
it  there  lived  other  meniben  of  the  same  sub- 
order of  placodermatous  ganoids,  notably  the 
curious  sadcllor's-kiiife-like  Cephalatpu,  the  allied 
Auehenaapia,  tho  Coceotleut,  and  Pleriehthyt  (Fig. 
336),  The  snbnjrder  of  Acanthodians  attained 
its  chief  development  in  these  lakes,  the  genen 
AciiiUkodei,  Diplacanthui,  and  Chetracantiut  being  characteristic  and  abnn- 
duiit.  The  Crottnpterygidte,  so  remarkable  for  the  central  scaly  lobe  of 
tlicir  fins,  aud  represented  at  tho  present  time  by  Polyplemt,  swamed 
in  the  waters,  wnue  of  tho  most  characteristic  genera  being  OtUol^ 
Diplopterus,  Holopfgchiut,  Glj/pldepin,  Phanerophuron,  Glyptoimmut,  Bljf^ 
jiomuM.  The  modem  Ceralodut  of  tlie  Queensland  rivers  had  a  closely 
tillicd  representativo  in  the  abundant  Dipleria  of  tho  Old  Red  Sandsttiw 
lakes.  Tho  largest  fish  of  tho  Eurojiean  l)asin  was  tho  Atterolepu,  die 
cuiraKH-liko  cephalic  sliield  of  which  Hometimes  reaches  a  length  of 
twenty,  with  a  breadth  of  sixteen  inches.  IVobably  more  gigantic  vu 
tho  Dinichihga,  alreaily  referred  to  as  occurring  in  the  Devonian  rocks  of 
North  America,  of  which  the  head,  encased  in  strong  jdates,  attained  » 
length  of  throo  feet,  and  was  armed  with  a  funuidablo  ap^Mratus  of  teath. 
A  fow  eurjpterids  occur,  osjiecially  of  tho  genera  Eurj/pUrv*  inA 
Pleryyolm.  The  si>ecies  of  the  former  are  small,  but  one  of  the  hitter, 
P.  aagllcm  (Fig.  320),  is  found  in  Scotland,  which  must  have  h»A  » 
length  of  five  or  six  feet. 

5  2.    Local  Dovclopmeut. 

Britain.— Murchiaon,  who  etronKly  atlvoratc<l  tho  opinion  Uiat  the  Old  Btd 

^ndetone  nnd  DoToniaQ  rockii  tepment  Aiftenat  geographical  ooadilione  of  tte 

euine  period,  and  wbo  liad  irith  satiBfaction  seen  tho  adaption   of  tho  Dereeiu 

Gfasaifieatton  by  Continental  geolo^tta,  e&&tn.tainQ\  \n  ^xwn  Iti  tK«  Old  Red  B 
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of  Britam  a  threefold  diyision,  like  that  which  hud  been  accepted  for  the  Devonian 
ijTBtem.    He  accordingly  arranged  the  formations  as  in  the  subjoined  table  :— 


S^  1  Tellow  and  red  8and:»tone«  and  conglomerates  {Pterichthys  umjorf  ffoh* 
"**      pbjchius  nobiiusiimiSj  &c.)  =  Dura  l>cn  beds. 


2  a 

O 


« ce  '^  ""  ^^^y  ^^'^  ^^^®  calcareous  and  bituminous  flagstones,  limestones,  and  red 
^  "a  "i «  ?  sandstones,  and  conglomerates  (Dipterits,  OstctAepis^  Astcrolcpis^  Aain- 
'2  J  S   S  I     thodes,  Ftcrichthi/Sf  &c.)  =  Caithness  flags. 


»4 


Red  and  purple  sandstones,  grey  sandy  flagstones,  and  coarse  conglo* 
merates  (Ccphalaspis,  Pteraspis,  Ptcrygotus)  =  Arbroath  flags. 


It  is  important  to  observe  that  in  no  district  can  these  three  subdivisions  be  found 
together,  and  that  the  so-called  ** middle"  formation  occurs  only  in  one  reja^ion— the 
north  of  Scotland.  The  classification,  therefore,  docs  not  rest  upon  any  actually 
Moertained  stratigraphical  sequence,  but  on  an  inference  frdm  the  organic  remains* 
The  Talue  of  this  inference  will  be  estimated  a  little  further  on.  All  that  can  be 
sfflnned  from  stratigraphical  evidence  in  any  Old  Red  Sandstone  district  in  Britain  is 
that  a  great  physical  and  paltcontological  break  con  generally  be  traced  in  the  Old  Bod 
fiandstone,  dividing  it  into  two  completely  distinct  series.* 

As  a  whole,  the  Old  Bed  Sandstone,  where  its  strata  are  really  red,  is,  like  other 
maasfts  of  red  deposits,  singularly  barren  of  organic  remains.  The  physical  conditions 
under  which  the  precipitation  of  iron  oxide  took  place  were  evidently  unfavourable  for 
the  development  of  animal  life  in  the  same  waters.  Sir  A.  C.  Bamsay  has  connected 
the  occurrence  of  such  red  formations  with  the  existence  of  salt  lakes,  from  the  bitter 
wvtcFB  of  which  not  only  iron  oxide  but  often  rock-salt,  maguesian  limestone,  and 
gyfiBum  were  thrown  down.*  He  points  also  to  the  presence  of  knd-plants,  footprints 
of  amphibia,  and  other  indications  of  terrestrial  surfaces,  while  truly  marine  organisms 
are  either  found  in  a  stunted  condition  or  are  absent  altogether.  Where  the  strata  of 
the  Old  Bed  Sandstone,  losing  their  red  colour  and  ferruginous  character,  assume  grejr 
or  yellow  tints  and  pass  into  a  calcareous  or  argillaceous  condition,  they  not  infrequently 
beoomo  fossiliferous.  At  the  same  time,  it  is  worthy  of  remark  that  the  red  conglome- 
imtoe,  which  might  be  supposed  little  likely  to  contain  organic  remain?,  are  occasionally 
found  to  be  full  of  detached  scales,  plates,  and  bones  of  fishes. 

The  Old  Bed  Sandstone  of  Britain,  according  to  the  author's  researches,  consists  of  the 
following  subdivisions : 

1.  LowEB. — Bed  sandstones,  conglomerates,  flagstonen,  and  associated  igneous 
locks,  passing  in  some  places  conformably  down  into  Upper  Silurian  formations-^ 
IHpUruf,  CoccofteWy  CephalatpU,  PterygotWj  &c. 

In  a  memoir  on  the  Old  Bed  Sandstone  of  Western  Euroi>e,  the  author  has  proposed 
short  names  for  the  different  det(tche«l  basins  in  which  the  Lower  Old  Bed  Sandstone 
was  accumulated.*  The  most  southerly  of  these  (the  Welsh  Lake)  lies  in  the  Silurian 
ngion  extending  from  Shropshire  into  South  Wales.  Here  the  uppermost  purtti 
of  the  Silurian  system  graduate  into  red  strata,  not  less  than  10,000  feet  thick,  which  in 
torn  pass  np  conformably  into  the  base  of  the  Carboniferous  system.  This  vast  accumu- 
lation of  red  rocks  consists  in  its  lower  portions  of  red  and  green  shnlos  and  ilagstonco, 


«  Sec  Q.  /.  Ged.  Soc.  vol.  xviii.  (1860)  p.  312. 

*  Professor  Gosselet  contends  that  the  precipitation  of  iron  might  ([uite  well  hav« 
taken  place  in  the  sea,  and  he  cites  the  cose  of  the  Devoniiin  basin  of  Dinani,  when-  th« 
iMfH*  beds  are  in  one  part  red  and  horren  of  organic  remains,  und  in  another  part  of  tip 
^mo  area  aie  of  the  usual  c^dours,  and  are  full  of  marine  f(4wils.    But  the  re<l  colour  o! 
the  Old  Bed  Sandstone  is  general,  and  is  accompanied  with  other  pnwls  of  isolation  in 
the  banns  of  deposit 

'  TiroM.  Roy,  8ne.  Edin.  vol.  xxviii.  1870. 
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with  some  white  sancUtoncfl  and  thin  cornstones ;  in  the  central  and  chief  diviaicm,  of  red 
and  green  spotted  sandy  marls  and  clays,  with  red  sandstones  and  comstonos;  in  the 
higher  parts,  of  grey,  rod,  chocolate-coloured,  and  yellow  sandstones,  with  bonds  of  con- 
glomerate. No  unconformability  has  yet  been  proved  in  any  port  of  thia  series  of  rods, 
tliough,  from  the  observations  of  De  la  Beche  and  Jnkes,  it  may  be  suspected  that  the 
higher  strata,  which  graduate  upwards  into  the  Carboniferoos  formations»  are  separated 
from  the  underlying  portions  of  the  Old  Red  Sandstone  by  a  distinct  discordance.' 

Althoughf  as  a  whole,  barren  of  organic  remains,  these  red  rocks  have  here  and 
there,  more  particularly  in  the  calcareous  zones,  yielded  fragments  of  fishes  a&d 
crustaceans.  In  their  lower  and  central  portions,  remains  of  the  ganoids  CephalaipUi 
Didijmagpie,  Scaphafpis,  Plerafpis,  and  Cyathaspis,  have  been  found,  together  with 
crustaceans  of  the  genera  Styhnurus^  Pterygatus,  Prearcturus^  and  obscure  traoes  of 
plants.  The  upper  yellow  and  red  sandstones  contain  none  of  the  cephalaqnd  fldMB, 
which  are  there  replaced  by  Pterichthys  and  HohptychiuSf  associated  "with  disimci 
impressions  of  land-i)lants.  In  some  of  the  higher  parts  of  the  Old  Bed  Sandstone  of 
South  Wales  and  Shropshire,  Serpida  and  Conularia  occur,  but  these  are  exceptioDil 
cases,  and  point  to  the  advent  of  the  Carboniferous  marine  fauna,  which  doubtles 
cxistod  outside  the  British  area  before  it  spread  over  the  site  of  the  Old  Bed  Sandstone 
basins  (see  p.  715). 

It  is  in  Scotland^  that  the  Old  Bed  Sandstone  shows  the  most  complete  and 
varied  development,  alike  in  physical  structure  and  in  oigauic  contents.  Throughont 
that  country,  the  system  is  found  everywhere  to  present  a  division  into  two  well-marind 
groups  of  strata,  se}>arated  from  each  other  by  a  strong  unconformability  and  a 
complete  break  in  the  succession  of  organic  remains.  Each  subdivision  ocean  in 
distinct  basins  of  dcjiosit.  The  most  important  basin  of  the  Lower  Old  Bed  Sandstooe 
occupies  the  central  valley,  between  the  base  of  the  Highland  mountains  and  the 
uplands  of  the  southern  counties  (Lake  Caledonia).  On  the  north-oast,  it  presmte  a 
bcries  of  noble  cUlf-scctions  along  the  coast-line  from  Stonehaven  to  the  mouth  of  the 
Tay.  On  the  south-west  it  ranges  by  the  island  of  Arran  across  St.  George's  Channd 
into  Ireland,  where  it  runs  almost  to  the  western  seaboard,  flanked  on  the  north,  as  in 
Scotland,  by  hills  of  crystalline  rocks,  and  on  the  south  chiefly  by  a  Lower  Silnzian 
belt.  Another  distinct  and  still  larger  basin  (Lake  Orcadie)  of  the  same  lower 
subdivision  lies  on  the  north  side  of  the  Highlands,  but  only  a  portion  of  it  cmefgee 
a1x>vc  the  sea  in  the  north  of  Scotland.  Skirting  the  slopes  of  the  mountains  along  the 
Moray  Firth  and  the  east  of  Boss  and  Sutherland,  it  stretches  through  Oaithness  and 
the  Orkney  Islands  as  far  as  the  south  of  the  Shetland  group,  and  may  possibly  haw 
been  at  one  time  continued  as  far  as  the  Sognefjord  and  Dalsfjord  in  Norway,  where  red 
conglomerates  like  those  of  the  north  of  Scotland  occur.  There  is  even  reason  to  infer 
that  it  may  have  ranged  eastwards  into  Bussia,  for,  as  already  stated,  some  of  its  moit 
characteriatic  organisms  are  found  also  among  the  Devonian  strata  of  tlmt  country.  A 
third  minor  area  of  the  Lower  Old  Red  Sandstone  (Lake  Cheviot)  lay  on  the  south  «d» 
of  the  southern  uplands,  over  the  east  of  Berwickshire  and  the  north  of  Northumberlaad, 
including  the  area  of  the  Cheviot  Hills.  A  fourtli  (Lake  of  Lome)  occupied  a  basiD  on 
tlie  flanks  of  the  south-west  Highlands,  whicli  is  now  partly  marked  by  the  tertaoed 
volcanic  hills  of  Lome.  There  is  sufficient  diversity  of  lithological  and  paleontok^ieal 
characters  to  show  that  these  several  areas  were  on  the  whole  distinct  basins,  separated 
both  from  each  other  and  f^om  the  sea.  The  interval  between  the  Lower  and  Upper 
Old  Red  Sandstone  was  so  protracted,  and  the  geographical  changes  acoompliahed 


»  De  la  Beche,  Mem.  Geol.  Surv.  vol.  i.  (184(>)  p.  50.  J.  B.  Jukes,  •  Letters,  &c.'  187J, 
p.  508:  letter  to  A.  C.  Ramsay,  dated  1857. 

2  See  Hugh  Millers's  *  Old  Red  Sandstone,'  and  •  Footprints  of  the  Creator*; 
J.  Anderson's  *  Dunv  Den  *;  Explanations  Oeol  i^urv.  SScotlamly  sheets  14, 15,  28,  24, ». 
d3,  34 ;  and  memoir  cited  on  previous  p»vge. 
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during  it  were  so  extensive,  that  tlio  1)a8inB  in  which  the  late  parts  of  the  sytttcui  were 
deposited  only  partially  corresiwnd  with  those  of  the  older  lakes. 

In  the  central  basin,  or  Lake  Caledonia,  both  divisions  of  the  Old  Red  Sandstone  arc 
typically  seen.    The  lower  series  of  deposits  attains  a  maximum  depth  of  upwards  of 
20»000  feet    These  strata  everywhere  present  traces  of  shallow-water  conditions.    The 
accumulation  of  so  great  a  thickness  can  only  be  explained  on  the  supposition  that  tho 
subterranean  movements,  which  at  first  ridged  up  the  Silurian  sea-iloor  into  land,  enclos- 
ing separate  basins,  continued  to  deepen  these  basins,  uutil,  eventually,  enormous  masses 
of  sediment  had  slowly  gathered  in  them.    There  are  proofs  that  the  subsidence  was  inter- 
mpted  by  occasional  local  elevations.  This  massive  series  of  deposits  passes  down  conform- 
ably in  Lanarksliire  into  Upper  Silurian  rocks ;  elsewhere  its  base  is  concealed  by  later 
formations,  or  by  the  tmconformability  with  which  different  horizons  rest  upon  the  older 
rocks.    It  is  covered  uneonformably  by  every  rook  younger  tlinn  itself.    It  consists 
of  reddish-brown  or  chocolate-coloured,  grey,  and  yellow  sandstones,  rod  sliales,  grey 
flagstones,  coarse  conglomerates,  and  occasional  bands  of  limestone  and  comstone.    The 
grey  flagstones  and  thin  grey  and  olive  sliales  and  '*  colmstones"  ore  almost  confined  to 
Forfarshire,  in  the  north-east  part  of  the  basin,  and  are  known  as  the  "  Arbroath  flags." 
One  of  the  most  marked  lithological  features  in  this  central  Scottish  basin  is  the 
oocurroQoe  in  it  of  prodigious  masses  of  interbedded  volcanic  rocks.    These,  consisting  of 
diabases,  porphyritcs,  felsitcs,  and  tuffs,  attain  a  thickness  of  more  than  0000  feet,  and 
form  important  chains  of  hilh},  as  in  the  Pentland,  Ochil,  and  Sidlaw  ranges.    They  lie 
several  tliousand  feet  above  the  base  of  tlie  system,  and  are  regularly  interstratified  hero 
and  there  with  bands  of  the  ordinary  sedimentary  strata.    Tliey  point  to  the  outburst 
of  numerous  volcanic  vents  along  the  lake  or  inland  sea  in  which  the  Lower  Old  Red 
Handstone  of  central  Scotland  was  laid  down ;  and  their  disposition  shows  tlmt  tho 
vents  ranged  themselves  in  lines  or  linear  groups,  parallel  witli  the  general  trend  of  the 
great  central  valley.    The  fact  that  the  igneous  rocks  are  succeeded  by  thousands  of 
feet  of  sandstones,  shales,  and  conglomerates,  witliout  any  intercalation  of  lava  or  tuff, 
proves  that  the  volcanic  episode  in  the  history  of  the  lake  came  to  a  close  long  beforo 
the  lake  itself  disai>peared.    As  a  rule,  the  deposits  of  this  basin  are  singiUnrly  unfos- 
riliferous,  though  some  portions  of  them,  particularly  in  the  Forfarshire  CArbroatli)  flag- 
stone group,  have  proved  rich  in  fish  remains.    In  Lanarksliire,  about  5000  feet  above 
the  base  of  the  system,  a  thin  band  of  shale  occurs,  containing  a  greptolitc>,  with  8piwrhi« 
Leicisn  and  Orthoceras  dimidiutumj  to  which  allusion  has  already  (p.  707)  been  made. 
This  interesting  fact  serves  to  indicate  that,  though  geogi-aphical  changes  had  elevated 
the  Upper  Silurian  sea-floor  partly  into  land  and  i)artly  into  isolated  inland  water- 
basins^  tho  sea  outside  still  contained  an  Upi)er  Silurian  fauna,  which  was  ready  on  any 
farooiable  opportimity  to  re-enter  tho  tracts  from  whicli  it  liad  been  excluded  (p.  <;20.i. 
The  interval  of  its  reappearance  seems  to  have  been  brief,  however,  for  the  band  of 
shale  containing  these  Upper  Silurian  marine  organisms  is  only  a  few  inches  tlii^'k.  u!j<J 
fhe  fossils  have  not  been  detected  on  any  other  horizon.    With  tliese  QXcC'\>i\(ti.r.  iin. 
fiuma  of  the  formation  consists  entirely  of  fishes  and  crubtaci^ns.    Nine  or  mrTt  r}h"-c;: 
of  crustaceans  have  been  obtained,  chiefly  eurypterids,  but  includiii^r  fiiic   m    :\\t 
phyllopods.    The  large  pterygotus  (P,  anglicw)iH  especially  clianu'tr-rii-ti'-.  uik:  inii- 
have  attained  a  great  size,  for  some  of  the  individuals  indicate  a  length  "(  C  l'.«.'i  v.  u.  . 
breadth  of  1}  feet.    There  occur  also  a  smaller  species  (i\  minor),  two  llt'i,fri' ' ■   ':!^»- 

species  of  Sifflonurui^t  and  abundant  clusters  of  crustacean  egg-piick«.  i^.  (J'".-  /. ..>■'..■ 

Hcventcen  species  of  fishes  have  been  obtained,  chiefly  from  tli<:  Ai^'hiiIj   ii;>-.-        '  •'■■ 
belong  to  tho  sub-orders  Acanthodulx  and  Osfraroitfei  (Via.  -J-'-;     ^"'  ' '"■■ 

abundant  forms  is  tho  little -^/yin^/iwJt'*  jr<7c/K7/ J.    Another ''om mot  l».--       "•- 
gracili$.    There  occur  also  CUmatiuji  Hcutifiery  C.  rfiiruhtu^.  unc   '    i^ ,- /,.    .        ..,.  .. 
iniiurvtu,  Euihaca  nth  us  (four  species),  CephaUtitpia  LijHH:.  a  r  hI  /  7*  a  " .  i  ^  •     J  /  < 
of  the  sandstones  and  shales  are  crowded  with  indiMtiiJ'-lK  pnx  r*;  =  •.  — <  i 
ally  in  snfiicient  quantity  to  form  thin  luiuino)  of  r^fmJ      !•   I  •'-.iir  ii  '  ■•• 

the  shaly  flagitoues  are  now  and  then  covered  wiiii  Jumu-  yiu^  ..  i:     ii> 
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sedgy  vegetation  of  a  lake  or  marsh.  In  Perthshire,  certain  layers  oooar,  chiefly  made 
up  of  compressed  stems  of  P$ilophyion  (Fig.  331).  The  adjoining  land  wbb  doabtlefi 
clothed  with  a  flora  in  large  measure  lyoopodiaocous. 

The  Old  Bed  Sandstone  of  the  northern  basin  (Lake  Orcadie)  lb  typically  dereloped 
in  Caithness,  vrhcre  it  consists  chiefly  of  the  well-known  dark-grey  biiniiiiiioaB  and 
calcareous  flagstones  of  commerce.    It  rests  unconformably  upon  variooa 
schists,  granites,  &c.,  and  must  have  been  deposited  on  the  very  uneven  bottom  of  a  ail 
basin,  seeing  that  occasionally  even  some  of  the  higher  platforms  are  found  mtiiig 
against  the  more  ancient  rocks.    The  lower  zones  consist  of  red  sandsionea  and  cqb- 
glomorates,  which  graduate  upward  into  the  flagstones.    Other  red  sandatonei^  however, 
supervene  in  the  liigher  parts  of  the  system.    The  total  depth  of  the  aeriei  in  OnithneM 
has  been  estimated  at  upwards  of  16,000  feet,    lilurchison  was  the  first  to  attempt  the 
correlation  of  the  Caithness  flagstones  with  the  Old  Red  Bandstone  of  the  leat  of  JBMtain. 
Founding  upon  the  absence  from  these  northern  rocks  of  the  cephalaapidean  fiahee  so 
choroctcribtic  of  the  admitted  Lower  Old  Red  Sandstone  in  the  south  of  Scotland  and  in 
Wales  and  Shropshire,  upon  the  presence  of  numerous  genera  of  fishes  not  known  to 
occur  elsewhere  in  the  true  Lower  Old  Red  SoudHtone,  and  upon  the  discovery  of  a 
Ptenjgoius  in  the  basement  red  sandy  group  of  strata,  he  concluded  that  the  massiTe 
ilugstono  series  of  Caithness  could  not  be  classed  with  the  Lower  Old  Red  Sandstone, 
but  must  be  of  younger  date.     He  supposed  the  red  sandstones,  conglomerates,  and 
shales  at  the  base,  with  their  Pterygoiufj  to  represent  the  true  Lower  Old  Bed  Sand- 
stone, while  the  great  flagstone  series  with  its  distinctive  fishes  was  made  into  a  middle 
divLsion  answering  in  some  of  its  ichthyolitic  contents  to  the  Middle  Devonian  rocki  of 
the  Continent    This  view  has  been  accepted  by  geologists.    Recently,  however,  I  have 
endeavoured  to  show  that  the  Caithness  flagstones  belong  to  the  Lower  Old  Bed  Sand- 
stone, and  that  there  is  no  evidence  of  the  existence  of  any  middle  division.    It  appears 
to  me  that  the  discrepance  in  organic  contents  between  the  Caithness  and  the  Arbroalh 
flags  is  by  no  means  so  strong  as  Murchison  supposed,  but  that  several  spedei  an 
common  to  both.    In  particular,  I  find  that  the  characteristically  Lower  Old  Bed  Sand- 
stone and  Upper  Silurian  crustacean  genus  Pterygotus  occurs,  not  merely  in  the  basement 
zone  of  the  Caithness  flags,  but  also  high  up  in  the  series.     The  genera  ^ooiiAociet  and 
IHplacanthus  are  abundant  both  in  Caithness  and  in  Forfarshire.    Parexus  inemmt 
occurs  in  the  northern  as  well  as  the  southern  basin.    The  admitted  palseontukgicel 
distinctions  are  probably  not  greater  than  the  striking  lithological  differences  between 
tlio  strata  of  the  two  regions  would  occouut  for,  or  than  the  contrast  between  the 
ichthyio  faunas  of  adjacent  but  disconnected  water-basins  at  the  present  time. 

Somewhere  about  sixty  species  of  fishes  have  been  obtained  from  the  Old  Bed  Sand- 
stone of  the  north  of  Scotland.  Among  these,  the  genera  AcatUkodes^  AiUniepiit 
Cheiracanthus,  CHeiroUpU,  Coccostew,  Diplacanthus,  Diplopteru$t  Dipterus^  Olypiolepii, 
O^tcolepis^  and  Pterichthys  ore  specially  characteristic.  Some  of  the  shales  are  crowded 
with  the  little  phyllopod  crustacean  Estheria  meml/ranacea,  Land-planta  abonnd» 
especially  in  the  higher  groups  of  the  flagstones,  where  fonns  of  pBilopkyiony  Lepido- 
dendroti,  Stigmaria,  SigiUaria,  C<ilamite»t  and  Cyclopterif,  as  well  as  other  genera,  ooenr. 
In  the  Shetland  Islands,  traces  of  abundant  contemporaneous  volcanic  rocks  have  been 
observed.  These,  with  the  exception  of  two  trifling  examples  in  the  region  of  the  Many 
Firth,  are  the  only  known  instances  of  volcanic  action  in  the  Lower  Old  Bed  Saadatone 
of  littke  Orcadie.  In  the  other  two  Scottish  basins,  those  of  the  Cheviot  Hills  and  of 
liome,  volcanic  action  continued  long  vigorous,  and  produced  thick  piles  of  lava,  like 
those  of  Lake  Caledonia. 

2.  Upprb. — ^Yellow  and  rod  sandstones,  conglomerates,  marls,  &c.,  passing  op 
conformably  into  the  base  of  the  Carboniferous  system,  and  resting  unconformably  on 
the  Lower  Old  Red  Sandstone  and  every  older  formation — Hohptychim^  Pieriek(kjf9 
major,  &c 

Below  the  Carboniferous  system  there  occur  in  Scotland  certain  red  sandstraies^  daefH 
rod  oJajs  or  marls,  conglomcxales,  «n6L  \skaq\^>^^  «K&!3a^uQ&  \)asaing  into  yellow  or 
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ersn  white.  These  strata,  wbereyer  their  stratigraphical  relations  can  be  distinctly 
traced,  lie  miconformably  upon  every  formation  older  than  themselves,  including 
the  Lower  Old  Bed  Sandstone,  while,  on  the  other  hand,  they  pass  up  conformably 
into  the  Oazbmiiferous  rocks  above.  As  already  remarked,  they  were  deposited  in 
baaiiui  which  only  partially  corresponded  with  those  wherein  the  Lower  Old  Red 
Sandstone  had  been  laid  down.  Studied  from  the  side  of  the  underlying  forma- 
tions, they  seem  naturally  to  form  part  of  the  Old  Red  Sandstone,  since  they 
agree  with  it  in  general  lithological  character,  and  also  in  containing  some  dis- 
tinctively Old  Bed  Sandstone  genera  of  fishes,  such  as  Pteriehthys  and  Halopiyehius ; 
though,  approached  firom  the  upper  or  Carboniferous  direction,  they  might  rather  be 
■SBomed  as  the  natural  sandy  base  of  that  system  into  which  they  insensibly  graduate. 
On  the  whole,  they  are  remarkably  barren  of  organic  remains,  though  in  one  locality — 
Dura  Den  in  Fife — they  have  yielded  a  number  of  genera  and  species  of  fishes,  crowded 
profusely  through  the  pale  sandstone,  as  if  the  individuals  had  been  suddenly  killed  and 
rapidly  covered  over  with  sediment  (see  p.  598).  Among  the  characteristic  organisms  of 
the  Scottish  Upper  Old  Red  Sandstone  are  PtericMhyt  major,  Rolopiijehiw  nobilUiimm, 
H,  Andenoni,  Olypiopomus,  OhjptoUsmuB  and  Phaneropleuron, 

An  interesting  fact  deserves  mention  here,  as  a  corollary  to  what  has  been  stated 
above  regarding  the  survival  of  an  Upper  Silurian  fauna,  outside  tho  area  of  the  British 
Old  Bed  Sandstone  lakes.  In  the  Upper  Old  Red  Sandstone  of  the  basin  of  the  Firth 
of  Clyde,  PteriefUhys  major  and  Holoptychim  occur  at  the  Heads  of  Ayr,  while  a  band 
of  marine  limestone,  lying  in  the  heart  of  the  rod  sandstone  series  in  Arran,  is  crowded 
with  ordinary  Carboniferous  Limestone  shells,  such  as  Productm  gigantsus,  P.  wmt- 
reii€ulatu$,  P.  punetatu$j  Chonetes  hardrenHf,  Spiri/era  lineataj  &c.  These  fossils  are 
absent  from  the  great  series  of  red  sandstones  overlying  the  limestone,  and  do  not 
rei^pear  till  we  reach  the  limestones  in  the  Lower  Carboniferous  series;  yet  the 
organisms  must  have  been  living  during  all  that  long  interval  outside  of  the  Upper  Old 
Bed  Sandstone  area  (p.  619).  Not  only  so,  but  they  must  have  been  in  existence  long 
heiate  the  formation  of  the  thick  Arran  limestone,  though  it  was  only  during  the  com- 
paratively brief  interval  represented  by  that  limestone  that  geographical  changes 
permitted  them  to  enter  the  Old  Bed  Sandstone  basin  and  settle  for  a  while  on  its  floor. 
Thus  we  see  that  while,  on  the  one  hand,  the  older  parts  of  the  Lower  Old  Bed  Sand- 
stoiie  were  coeval  with  an  Upper  Silurian  fauna  which,  having  disappeared  from  the  area 
of  Britain,  survived  outside  of  that  area ;  on  the  other  hand,  the  higher  parts  of  the 
Upper  Old  Bed  Sandstone  were  oontemporaneoas  with  a  Carboniferous  Limestone  fauna 
which,  having  appeared  beyond  the  British  area,  was  ready  to  spread  over  it  as  soon  as 
the  conditions  became  favourable  for  the  invasion.  It  is,  of  course,  obvious  that  such  an 
abundant  and  varied  fauna  as  that  of  the  Carboniferous  Limestone  cannot  have  come 
suddenly  into  existence  at  tho  period  marked  by  the  base  of  the  limestone.  It  must  have 
had  a  long  previous  existence  outside  the  present  area  of  the  deposit  But  it  is  seldom 
that  we  obtain  such  clear  evidence  of  what  may  be  called  a  ^  palieontological  overlap  '*  as 
iu  these  instances  from  the  Scottish  Old  Bed  Sandstone. 

In  the  north  of  Scotland,  on  the  Lowlands  bordering  the  Moray  Firth,  and  again  in 
the  island  of  Hoy,  one  of  the  Orkney  groap,  yellow  and  red  sandstones  (with  inter- 
bedded  diabase  and  tuff),  containing  characteristic  Upper  Old  Red  Sandstone  fishes,  lie 
unoonformably  upon  the  Caithness  flags.  In  these  northern  tracts,  the  same  relation  is 
thus  traceable  as  in  the  central  counties,  between  the  two  divisions  of  the  system. 

Turning  southward  across  the  border  districts  into  the  north  of  E  n  g  I  a  n  d,  we  trace 
the  red  sandstones  and  conglomerates  of  the  Upper  Old  Bed  Sandstone  lying  uncon- 
formably  on  Silurian  rocks  and  Lower  Old  Bed  Sandstone.  Some  of  the  brecciated 
conglomerates  have  much  resemblance  to  glacial  detritus,  and  it  has  been  suggested  that 
they  have  been  connected  with  contemporaneous  ice-action.'    Such  are  tho  breccias  of 

*  The  examples  of  supposed  glacial  strite  in  tho  pebbles  in  these  breccias  may  bo 
merely  frictional  markings  connected  with  faults  or  internal  movemexi^A  ot  ^<^  vy2^i^« 
But  the  forms  of  ihe  pebbles,  tbeir  moreine-like  unstratifiod  or  Tnde\7-BXtv\\\^«^^<«soLm\iN%.- 
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tlio  Ijammennuir  Hilli^,  and  thoHO  which  show  themselves  here  and  there  from  irader  the 
overlying  moM)  of  Carhonitbrous  strata  that  flanks  the  Silurian  hills  of  GnmberlaDd  and 
Westmoreland.  Red  conglomerates  and  sandstones  appear  intermptcdly  at  the  baau  of 
the  Carboniferous  rocks,  even  as  far  as  Flintshire  and  Anglosea.  They  are  oommoolj 
classed  as  Old  Ked  Sandstone,  but  merely  from  their  position  and  lithological  chanoter. 
No  organic  remains  have  been  found  in  them.  They  may  therefore,  in  part  at  leist 
belong  to  the  Carboniferous  system,  having  been  deposited  on  different  sucoemve 
horizons  during  the  gradual  depression  of  tlie  land.  In  Devonsliire,  at  BMrDstaple, 
Pilton,  Marwood,  and  Baggy  Point,  certain  sandstones,  shales,  and  limestones  (already 
referred  to  in  the  account  of  the  Devonian  rocks)  graduate  upward  into  the  base  oC  tiia 
Carboniferous  system,  and  appear  to  represent  the  Upper  Old  Bed  Sandstone  of  the  mt 
of  Britain.  They  contain  land-plants  and  also  many  marine  fossils,  some  of  which  ue 
common  Carboniferous  forms.  They  thus  indicate  a  transition  into  the  geogrmphiod 
conditions  of  the  Carboniferous  i)criod,  as  is  still  more  clearly  illustrated  by  the  oone- 
sponding  strata  in  Scotland. 

The  Old  Red  Sandstone  attains  a  great  development  in  the  south  and  aonth-wett  of 
Ireland.  The  thick  **  Dingle-Beds  "  and  ^  Glengariff  grits  ^  pass  down  into  Upper 
Silurian  strata,  and  no  doubt  represent  the  Lower  Old  Red  Sandstone  of  Scotluid. 
They  are  succeeded  in  Kerry  by  red  sandstones  which  cover  them  unoonforiDably,  and 
resemble  the  ordinary  Upper  Old  Red  Sandstone  of  Scotland.  In  Cork  and  the  south- 
east of  Ireland  they  are  followed  by  the  pale  sandstones  and  shaly  flagstonea  known  u 
the  *^  Kiltorcan  beds,"  with  apimrently  a  perfect  conformability.  The  Kiltorcan  beds 
(which  pass  up  conformably  into  the  Carboniferous  Slate)  have  yielded  a  few  fiihet 
(Bothridepift  CoccoHteus,  PkrichthySj  Ghjpiolepif),  some  crustaceans  {BelinunUy  Ptery^ 
gotu8%  a  fresh-water  lamellibranch  (^Anodonia  Jukesii),  and  a  number  of  ferns  and  other 
laud  plants  (PalmopteriSy  SphenopteriSj  SagenariOt  Knorria,  Cyclottigma)^ 

Norway,  &c, — On  the  continent  of  Europe  the  Old  Red  Sandstone  type  can  hardly 
be  said  to  occur.  Some  outliers  of  red  sandstone  and  conglomerate  (p.  712)  in  northern 
and  western  Norway  reach  a  thickness  of  1000  to  1200  feet.  Near  Christiauia,  thoy 
follow  the  Silurian  strata  like  the  Old  Red  Sandstone,  but  as  yet  have  yielded  no  fosaiU, 
so  that,  as  they  pass  up  into  no  younger  formation,  their  geological  horizon  cannot  be 
certainly  fixed.  The  Devonian  rocks  of  Russia  have  been  above  referred  to  aa  pre- 
senting a  union  of  the  two  types  of  this  part  of  the  geological  series.  The  extension  of 
the  land  of  the  Old  Red  Sandstone  period,  with  its  characteristic  flora,  for  north  within 
the  Arctic  circle  is  indicated  by  the  discoveries  made  a  few  years  ago  at  Bear  Island 
(lat.  70"  30'  N.)  between  the  coast  of  Norway  and  Spitzbergcn.  Certain  seams  of  coal 
and  coaly  shale  occur  ut  that  locality,  underlying  beds  of  Carboniferous  limeatone  and 
overlying  some  yellow  dolomite,  calcareous  sliale,  and  red  shales.  They  have  been 
assigned  by  Heer  to  the  Carboniferous  series,  but  are  regarded  by  Dawson  as  un- 
questionably Devonian.  They  may  be  correlated  with  the  Upper  Old  Red  Sandatone  of 
Britain.  Heer  enumerates  eighteen  species;  only  tliree  are  peculiar  to  the  locality, 
while  among  the  others  are  some  widely-diffused  forms :  Calamites  radialu*  (<ransiitbNaX 
Palseopterit  roemenana,  SphenopU:ris  Sdnmperi,  Cardioj/tiris  frondofna,  LepidodendrOH 
veWieimianum  and  three  other  species,  Knorria  imhricafa^  and  Cyclottiyma  kUtorkenae^ 
In  Spitzbergen  itself,  according  to  the  recent  researches  of  Nathorat,  the  so-called 
'*  Heckla-Hook  formation ''  contains  a  largo  assemblage  of  fish-remains,  shells,  and  plants, 
which  prove  it  to  be  the  equivalent  of  part  of  the  Scottish  Old  Red  Sandstone. 


tion,  and  the  occurrence  of  aggregated  lumps  of  breccia  in  the  midst  of  fine  eandstoiie 
strongly  remind  one  of  the  familiar  features  of  true  glacial  deposits. 

*  Prof.  Hull,  Q,  J.  Gccl,  Soc\  xxxv.  xxxvi. ;  Proc.  Hoy.  Dublin.  Soe.  (new  aer.)  1880; 
Explmiatiom  of  the  GeoL  Survey,  Irelaml,  sheets  167,  &c.,  187,  &c.;  J,  Nolan,  Q.  J.  Gc6L 
h'oc.  1880,  p.  529;  Kinahan,  Trans.  Geol.  So^:  Edin.  1882,  p.  162.  A  recent  perwiial 
examination  has  convinced  me  that  tlio  south  of  Ireland  formed  another  of  the  VM>i^«« 
in  which  the  I^owcr  Old  Red  Sandstone  was  accumulate*!. 
*  Heer,  Q,  J,  GeoL  Soc.  lXN\n.  v»  "V^^*  '^Tiwti,  op.  til.  -^ulIx.  \i.  24. 
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ISTorth  Amerioa.— It  is  intoresting  to  observe  that  in  North  America  represeii- 
tatires  occur  of  the  two  divergent  Devonian  and  Old  Eed  Sandstone  types  of  Europe. 
The  American  Devonian  facies  has  already  been  referred  to.  On  the  eastern  side  of  Uie 
ancient  Archaean  and  Silurian  ridge,  which,  stretching  southwards  from  Canada, 
separated  in  early  Palodozoio  time  the  great  interior  basin  from  the  Atlantic  slopes,  we 
find  the  Devonian  rocks  of  New  York,  PenuBylvania,  and  the  interior  represented  in 
New  Brunswick  and  Nova  Scotia  by  a  totally  different  series  of  deposits.  The  contrast 
strikingly  recalls  that  presented  by  the  Old  Red  Sandstone  of  the  north  of  Scotland  and 
the  Devonian  rocks  of  North  Germany.  On  the  south  side  of  the  St.  Lawrence,  the 
coast  of  Gaspd  shows  rocks  of  the  so-called  '*  Quebec  group  "  unconformably  overlaid  by 
grey  limestones  with  green  and  red  shales,  attaining,  according  to  Logan,  a  total  thick- 
ness of  about  2000  feet,*  and  in  some  bands  replete  with  Upper  Silurian  fossils.  They 
aie  conformably  followed  by  a  vast  arenaceous  scries  of  deposits  termed  the  Gaspe  Sand- 
stones, to  which  the  careful  measurements  of  Logan  and  his  colleagues  of  the  Canadian 
Geological  Survey  assign  a  depth  of  703G  feet.  This  formation  consists  of  grey  and 
drab-ooloured  sandstones,  with  occasional  grey  shales  and  bands  of  massive  con- 
glomerate. Similar  rocks  reappear  along  the  southern  coast  of  New  Brunswick,  where 
they  attain  a  depth  of  9500  feet,  and  ogain  on  the  opposite  side  of  the  Bay  of  Fundy. 
The  researches  of  Sir  J.  W.  Dawson,  already  referred  to,  havo  made  known  the 
remarkable  flora  of  these  rooks.  Some  of  the  same  plants  have  been  met  with  in  the 
Deronian  rocks  to  the  west  of  the  Arohttan  ridge,  so  that  there  can  bo  little  doubt  of  the 
contemporaneity  of  the  deposits  on  the  two  sides.  Besides  tlio  abundant  vegetation,  a 
few  traces  of  the  fauna  of  the  period  have  been  recovered  from  these  Old  Bed  Sand- 
stones. Among  them  are  the  remains  of  several  small  crustaceans,  including  a  minute 
sbrimp-like  Eurypterus^  and  the  more  highly  organised  Amphipeltis^  with  the  snail 
(jStrophites)  referred  to  on  p.  710.  That  the  sea  had  at  least  occasional  access  to  the 
inland  basins  into  which  the  abundant  terrestrial  vegetation  was  washed,  is  proved  by 
iho  occurrence  of  marine  organisms,  such  as  a  small  annelid  (^SpirorhU)  adhering  to  the 
leaves  of  the  plants,  and  (in  Gaspe'  and  Nova  Scotia)  by  the  occasional  appearance  of 
brachiopods,  especially  Lingular  Spirifara^  and  Choneteur 

Section  iv.  Carboniferous. 

§  1.  General    Characters. 

Thi«  great  system  of  rocks  Ixas  received  its  name  from  the  seams 
of  coal  which  form  one  of  its  distinguishing  characters  in  most  parts 
of  the  world.  Both  in  Europe  and  America  it  may  be  seen  passing 
down  conformably  into  the  Devonian  and  Old  lied  Sandstone.  So 
insensible  indeed  is  the  gradation  in  many  consecutive  sections  where 
the  two  S3'stems  join  each  other  that  no  sharp  line  can  there  be  drawn 
l)etween  them.  This  stratigraphioal  passage  is  likewise  in  many  places 
associated  with  a  corresponding  commingling  of  organic  remains,  either 
by  the  ascent  of  undoubted  Devonian  species  into  the  lower  parts  of 
the  Carboniferous  series,  or  by  the  appearance  in  the  upper  Devonian 
beds  of  si^ecies  which  attained  their  maximum  development  in  Carboni- 
ferous times.  Hence  there  can  be  no  doubt  as  to  the  true  i)lace  of  the 
Carboniferous  system  in  the  geological  record.  In  some  places,  however, 
this  system  is  found  resting  unconformably  upon  Devonian  or  older 
rocks,  so  that  local  disturbances  of  considerable  magnitude  occurred 

»  *  Geology  of  Canada,*  p.  393. 

^  Dawsou'S  '  Acadian  Geology/  chaps,  zxi.  and  xxii. 
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before  or  at  the  commoncement  of  the  Carboniferous  period.  It  ib 
deserving  of  notice  that  Carboniferous  rocks  are  very  generally 
arranged  in  basin-shaped  areas.  This  disposition,  so  well  aeen  in 
Europe,  and  particularly  in  the  central  and  western  half  of  the  con- 
tinent, has  in  some  cases  been  caused  merely  by  the  plication  and 
subsequent  extensive  denudation  of  what  were  originally  wide  ooor 
tinuous  sheets  of  rock,  as  may  be  observed  in  the  British  Isles.  But 
the  remarkable  small  scattered  coal-basins  of  France  and  centnl 
Germany  were  probably  from  the  first  isolated  areas  of  deposit,  though 
Ihey  have  suffered,  in  some  cases  very  greatly,  from  subsequent  plica- 
tion and  denudation.  In  Eussia,  and  still  more  in  China  and  western 
North  America,  Carboniferous  rocks  cover  thousands  of  square  miles  in 
horizontal  or  only  very  gently  undulating  sheets. 

KocKS. — The  materials  of  which  the  Carboniferous  system  is  built 
up  differ  considerably  in  different  regions ;  but  two  £EU)ies  of  sedimen- 
tation have  a  wide  development.  In  one  of  these,  the  marine  type,  lime- 
stones form  the  prevailing  rocks,  and  are  often  visibly  made  np  of 
organic  remains,  chiefly  encrinites,  corals,  foraminifera,  and  moUusks. 
According  to  Dumont's  researches  in  the  Carboniferous  Limestone  of 
Belgium  there  are  two  main  types  of  limestone:  (1) the  massive  lime- 
stones formed  by  reef-building  corals  and  coralloid  animals,  and  disposed 
in  fringing  reefs  or  dispersed  atolls,  according  to  their  nearness  to  or 
distance  from  the  coast  of  the  time ;  and  (2)  the  detritic  limestones, 
consisting  either  of  an  aggregation  of  crinoid  stems  or  of  coral-d6briB, 
and  often  stretching  in  extensive  sheets  like  sandstone  or  shale.  The 
limestones  of  both  types  assume  a  compact  homogeneous  character, 
mth  black,  grey,  white,  or  mottled  colours,  and  are  occasionally  largely 
quarried  as  marble.  Local  developments  of  oolitic  structure  occur 
among  them.  They  also  assume  in  some  places  a  yellowish,  dull,  finely 
granular  aspect  and  more  or  less  dolomitic  composition.  They  ocour  in 
beds  sometimes,  as  in  central  England,  Ireland  and  Belgium,  piled  over 
each  other  for  a  depth  of  hundreds  of  feet,  and  in  Utah  for  several  thou- 
sand feet,  with  little  or  no  intercalation  of  other  material  than  limestone. 
The  limestones  frequently  contain  irregular  nodules  of  a  white,  grey,  or 
black  flinty  chert  (phtanite),  which,  presenting  a  close  resemblance  to 
the  flints  of  the  chalk,  occur  in  certain  beds  or  layers  of  rock,  sometimes 
in  numbers  sufficient  to  form  of  themselves  tolerably  distinct  strata.^ 
These  concretions  are  associated  with  the  organisms  of  the  rock,  some  of 
which,  completely  silioified  and  beautifully  preserved,  may  be  found 
imbedded  in  the  chert.  Dolomite,  usually  of  a  dull  yellowish  colour, 
granular  texture,  and  rough  feel,  occurs  both  in  beds  regularly  inter- 
stratifled  with  the  limestones  and  also  in  broad  wall-like  masses  running 
through  the  limestones.  In  the  latter  cases,  it  is  evident  that  the  lime- 
stone has  been  changed  into  dolomite  along  lines  of  joint ;  in  the  former, 
the  dolomite  may  be  due  to  contemporaneous  alteration  of  the  original 
calcareous  deposit  by  the  magnesian  salts  of  sea-water  as  already  explained 

^  Eenaid,  BuU.  Acad«  Box}.  Bel^.  ^r^  'ilsl.  ^.  9« 
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(p.  296).  Traced  to  a  distance,  the  limestones  are  often  found  to  grow 
thinner,  and  to  be  separated  by  increasing  thicknesses  of  shale,  or  to 
become  more  and  more  argillaceous  and  to  pass  eventually  into  shale. 
The  shales,  too,  are  often  largely  calcareous,  and  charged  with  fossils ; 
but  in  some  places  assume  dark  colours,  become  more  thoroughly  argil- 
laceous, and  contain,  besides  carbonaceous  matter,  an  impregnation  of 
pyrites  or  marcasite.  Where  the  marine  Carboniferous  tyx)e  dies  out, 
the  shales  may  become  largely  bituminous,  passing  even  into  coal,  and 
being  then  associated  with  sandstones,  clays,  and  ironstones. 

The  second  facies  of  sedimentation  points  to  deposit  in  shallow 
lagoons,  which  at  first  were  replenished  from  the  sea,  but  afterwards 
appear  to  have  been  brackish  and  then  fresh.     Its  most  abundant  strata 
are  sandstones,  which,  presenting  every  gradation  of  fineness  of  grain  up 
to  pebbly  grits,  and  even  (near  former  shore-lines)  conglomerates,  are 
commonly  yellow,   grey,  or  white  in  colour,  well-bedded,  sometimes 
micaceous  and  fissile,  sometimes  compact ;  often  full  of  streaks  or  layers 
of  coaly  matter.    Next  in  abimdance  are  the  shales,  commonly  black  and 
carbonaceous,  frequently  largely  charged  with  pyritous  impregnations, 
sometimes  crowded  with  concretions  of  clay-ironstone.    Coal  occurs 
among  these  strata  in  scams  varying  from  less  than  an  inch  up  to  several 
feet  or  yards  in  thickness,  but  swelling  out  in  some  rare  examples  to 
100  feet  or  more.    A  coal-seam  may  consist  entirely  of  one  kind  of  coal. 
Frequently,  however,  it  contains  one  or  more  thin  laj'cre  or  "  partings  " 
of  shale,  the  nature  or  quality  of  the  seam  being  alike  or  different  on 
the  two  sides  of  the  parting.     The  same  seam  may  be  a  cannel-coal  at 
one  part  of  a  mineral  field,  an  ordinary  soft  coal  at  a  second,  and  an 
ironstone  at  a  third.     Moreover,  each  coal-seam  is  usually  underlaid  by 
a  bed  of  fire-clay  or  shale,  through  which  rootlets  branch  freely  in  all 
directions.     These  fire-clays,  as  their  name  denotes,  are  used  for  pottery 
or  brick-making.     They  are  the  soil  on  which  the  plants  of  the  coal  grew, 
and  it  was  doubtless  the  growth  of  the  vegetation  that  deprived  them 
of  their  alkalies  and  iron,  and  thus  made  them  industrially  valuable. 
C3ay-ironstone  occurs  abundantly  in  some  ooal-fields,  both  in  the  form  of 
concretions  (spha^rosiderite)  and  also  in  distinct  layers  from  less  than  an 
inch  to  eighteen  inches  or  more  in  thickness.     The  nodules  have  gene- 
rally been  formed  round  some  organic  object,  such  as  a  shell,  seed-cone 
fern-frond,  &o.    Many  of  the  ironstone  bods  likewise  abound  in  organic 
remains,  some  of  them,  like  the  "  mussel-band  "  ironstone  of  Scotland 
consisting  almost  wholly  of  valves  of  Anthracosia  or  other  shell  converted. 
into  carbonate  of  iron. 

The  mode  of  origin  of  coal  cannot  bo  closely  paralleled  by  any  modern 
formation.^  The  nearest  analogy  is  probably  furnished  by  the  mangrove 
swamps  alluded  to  already  (p.  445).  These  masses  of  arborescent  vege- 
tation, with  their  roots  spreading  in  salt  water  among  marine  organisms, 
grow  out  into  the  sea  as  a  belt  or  fringe  on  low  shores,  and  form  a  matted 

*  This  subject  has  recently  been  elaborately  treated  by  Grand'Eury,  Ann,  de$  Mines, 
1882  (i.)  pp.  99-292. 
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Goil  whioh  adds  to  the  breadtli  of  tbo  land.  The  e&rlior  oool-growtha 
no  doubt  also  flouriBhod  iu  salt  water;  for  anch  Bhella  as  Anculopeelet 
and  Qouialitet  are  found  lying  on  tho  coal  or  iu  the  shales  attached  to  it 
Iilach  coal-eeam  ropreeentA  the  accamulat«d  growth  of  a  period  which 
was  limited  either  by  the  exhaustion  of  tho  goil  undemeatli  the  veg»- 
tation  (as  may  be  indicated  by  the  composition  of  the  fiie-olays)  or  by 
tho  rate  of  the  intermittent  eubaideuce  that  affected  tho  wholo  area  of 


a.  [u,  DugnlllFd,  lungliDdiuliKUcai 
if.  Cjitbopbyllimi  Stnicbburrl,  Ullno 


coal-growthfl.  Though  tho  vegetation  grew  as  a  whole  in  «(«,  theie 
may  hdve  been  coneiderable  transport  of  loose  leaves,  branches,  &c.,»ft« 
storms,  and  also  during  times  of  more  rapid  subsidence.  From  th* 
fact  tliat  a  siicceesion  of  coal-seams,  each  i-oprosenting  a  former  surfcoe 
"f  terrestrial  vegetation,  can  be  seen  in  a  single  c«il-field  ext^ding 
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tbTOugh  ft  vertical  thioknesa  of  10,000  feet  or  more,  ft  is  clear  that  the 
rtiftta  of  Buoh  a  field  mtiBt  have  been  laid  down  during  prolonged  and 
eateuBive  Bubeideuce.  It  has  been  asBumed  that,  heeideit  depreesion, 
movements  in  an  upward  direction  were  needful  to  bring  the  submerged 
ror&oes  once  more  up  within  the  limits  of  plant  growth.  Bat  this 
would  iuTolre  a  prolonged  and  almost  inconceivable  see-saw  oscillation  ; 
and  die  aasnmption  is  really  unnecessary  if  we  supjxise  that  the  down- 
ward movement,  though  prolonged,  was  not  continuous,  but  was  marked 
by  paused,  long  enough  for  the  Bilting-up  of  lagoons  aud  the  spread  of 
cool-jUDgles.^ 

Life. — Each  of  the  two  facies  of  sodimentation  just  described  has 
its  own  characteristic  organic  types,  the  oue  series  of  strata  presenting 
OS  chiefly  with  the  fauna  of  the  sea,  the  other  mainly  with  tito  flora  of 
the  land.  The  mariuo  fauna  is  specially  rich  iu  crinoldB,  corals,  aud 
biachiopods,  which  of  themselves  constitute  entire  beds  of  limestone. 
Among  the  lower  forms  of  life  the  foraminifera  are 
well  represented,  upwards  of  fifty  species  belonging 
to  about  nineteen  genera  having  been  described. 
Some  of  these  genera  exhibit  a  wide  geograpbical 
range;  Saccatniaina,  for  example,  forms  beds  of  lime- 
stone in  Britain  and  Belgium,  and  Fueulma  plays  a 
still  more  important  part  in  the  Carboniferous  Lime- 
stone of  the  region  from  BuBsia  to  China  and  Japan, 
as  well  in  North  America;  one  species  of  Fahulma, 
(V. palteolroehas)  extends  from  Ireland  to  Eusaia  on 
the  one  side  and  to  North  America  on  the  other.  As 
already  noticed,  species  of  organisms,  with  a  irido 
geographical  extension  have  ulso  a  long  geological  cig.  33s.— Cariionircruui 
ranire,  and  this  is  more  specialh-  exemplified  in  such  cmiuia. 

lowly  grades  of  existence  as  the  loraminitera.  a,  uiyx.  ami  itid  uppti 
Trochammina  ijicerta,  for  instance,  is  found  through  ^t"ii^°i-''ii^o"'i™ 
the  whole  Carboniferous  Limestone  series  of  England,  «j™Hji>'>"li""ing«i- 
reappeara  in  the  Magnesian  Limestone  of  the  Permian 
system,  and  occurs  not  only  in  Briton  but  in  Germany  and  Russia.^  The 
corals  aro  represented  in  the  English  Carboniferous  Limestone  by  some 
thirty  genera,  including  about  100  Hi^ecies  belonging  to  tabulate  (^Favo- 
liUt,  Slichelmia,  AheoUteg,  Chxtdcs),  and  still  more  to  rugose  forms  {Aiu- 
planw,  Zapkrmtit,  Cyathophylluni,  Aulopki/llum,  ClisinpkyUum,  Lilhostrotiim, 
tonedaleia,  I'kiUipgastrma).  The  Echinoderms  aro  abundant  and  varied. 
Thus  among  the  urchins  of  the  Carlwniferous  seaa  were  species  of 
Arehseocidarig,  the  plates  and  spines  of  which  are  of  frequent  occurrence. 
Tho  blastoida  or  pentremites,  which  now  took  the  place  in  Carboni- 
ferous waters  that  in  Hilurian  times  had  been  filled  by  the  Cyatidoans, 
Utaioed  their  maximum  development.    But  it  was  tho  order  of  criuoids 

>  See  a  Btatament  of  the  oBcillntiun  theorf  as  for  back  aa  1319  by  H.  Virlet  il'Aonst, 
OmII.  8oe.  Qeol  France  (2)  vi.  p.  616. 

•  H.  B.  Bradf , '  Monograph  of  Cftrbooircroua  and  Fcrtnian  Foraminifora,'  redmoniog. 
Soe.  1878. 
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thftt  chiefly  swanhed  in  tiie  seaa  where  the  Cwboniferoiu  TiinwrtBae 


was  laid  down,  their  Beparat«d  joints  now  mainly  ootnpodng  lolid  muM 
of  rook  Bevoral  hnndred  feet  in  thicknw- 
Among  their  most  conepiuaonB  genera  wen 
I  Plalycrinut,  CyaiAocrtniM,  Polerlorriniu,  BW»- 
erimu,  and  Qilbertsocrinvt.  Tubicolar  annelidti 
aboanded,  some  of  the  Bpeciee  being  solitaiy  tsti 
attached  to  shells,  corals,  Ac,  others  occnniDg 
in  small  clusters  and  some  in  giegarious  nam* 
forming  bedsoflimeetone.  The  chief  genera  iR 
SpirorbUfSerpaliteajComuliUt^^Ortonia^fVerwiSia-' 
Polyzoa  abound  in  some  portions  of  the  Garbo- 
niforouH  Limestoiio,  whicli  were  almost  entinly 
composed  of  them,  the  genera  jFVit«sf«Un,jhi^A>rf'(- 
}X)ra,  VincHlaHa,  Polyyora,Diaalopora,  and  GJomt 
nome  being  frequent.    Of  the  brachiopods,  sonx 

a,  ciimniinra  •liformr,  Suw,;     of  the  most  common  forms  are  Proffiwhw,  Stii^- 

riiiit.,«innnnBn>i«ir-ii»n<to.       /era,  Bhynfhonella,  Alhyrig,  Chmtetes,  OrliU,  If 

ffula,  and  jyiteina,"*  Among  these  are  species  tbit 

'  11.  KHicridge.  jiin  ,  Ged.  Mug.  1880,  p.  110. 

'  PriKhtctai  ia  almost  wholly  Carbonirerous,  end  in  the  species  P.  giganletM  itf  U* 
(!iir1>o[|irGrouB  Limestone  reaoliM  the  maiiumin  size  ntlaioed  b;  Ihe  biachiopodi,  hw 
individaaU  incuBurinR  eight  iocbes  apmss.  Other  gcnem  liod  already  eiiited  i  W 
thno  :  some  even  of  the  a|>ecics  were  of  iiDcieiit  date— Orlhit  rttapiiuta  (rf  tlw  OnloBi' 
fi-rous  LluosIudo  and  the  DeTODtan  0.  ilriatiitn  and  Slroplunae»a  deprtna  bad  tnmnA 
nccnrding  to  Uoeaelet,  ^ui  the  time  of  the  Bala  beJa  of  the  Lower  SUniiiti  pviat 
(UowoKt,  KiquiiK,  p.  118.) 
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ttpliear  to  range  over  tho  whole  world,  such  as  Pro^fctm  lemireliculaUu, 
eo»laliu,  lontjitpiniu,  jiuslulomu,  rora,  aculenlus,  andatiu;  Slreptorhgwhtta 
erenutria;  Spiri/era  lineata,  ylahra;  Alhyris  ghbalarit;  and  Ter^atttla 
kaatala.  The  higher  moUnska  now  begiu  to  prej^mudemte  over  thu 
braoMopods.  The  lamelli1>rauchH  ia  the  English  Carboniferoue  Lime- 
Btone  nomber  49  genera  and  334  species,  includiug  formti  of  Aviculo- 
peetat,  Leda,  Nucukt,  San^tnotites,  Leplodomua,  Schhodua,  Edmottdia, 
Xodiola,  and  Conocardium.  Tho  gasteropods  in  tho  sauie  rocks  amount 
to  206  species  belonging  to  29  genera,  among  which  Euomphalus,  Natiea, 


a,  Hauafbilat  pcnUngnlaliii,  Sow. ; 

Pleurolomaria,  Macrocheilut,  and  Loxonema  aro  frequent.  The  genus 
Bellerophon  is  represented  by  23  epecies,  among  which  B.  Urci  and 
B.  deetutabts  are  frequent.  The  moat  abundant  pteropod  genua  is 
Canularia  (Fig.  339),  which  often  attaina  a  length  of  Beveral 
inches.  The  cephalopoda  number  !n  Britain  148  species, 
belonging,  among  other  genera,  to  Orthoceras,  Nautittu,  Disettee, 
and  Qemialiteg. 

The  Crustacea  present  a  facics  very  distinct  from  that  of 
the  previous  FaUeozoio  formations.     Trilobites  now  almost 
wholly  disappear,  only  four  genera  of  small  forms  (^Proelue, 
Gri^hidet,  PhiUijMia,  Braehymetepua)  being  left.'     But  other 
Crustacea  are  abundant,  espeoially  ostracods  (Bairdia,  Kirkbga, 
Jj^erditia,  Beyrichia),  which  crowd  many  of  tho  shales  and 
sometimes  oven  form  seams  of  limestone.     A  few   maorui-a 
occur  not  infrequently,  particularly  AHthrapaUenwn(¥ig.  341),   '''£o1f*^" 
PaUeocraiigon,  andPn^awcnnV,  also  several  phyllopods  {Dtlhyro-      i^™p«i- 
earu,  Ceratioeartg,  Eslheria,  Leaia)  with  the  larger  merosto-  '^Srt.uicit^ 
matous  Eurypterws  and  the  king-crab  Prettwichia?     The  Car-      **™' 
boniferoua  Limestone  of  the  British  Isles  has  aupplied  somewhere  about 
lOO  genera  of  fishes,  cbiefiy  represented  by  teeth  and  spines  {Ptammodua, 

>  H.  Woodward,  GeoL  Mag.  ISS'i.  The  ancient  genns  DalntaniU*  Laa  recently  been 
■eportcii  from  tha  Lower  Caibouifeiouij  rocks  of  Olito,  (E.  W.  Claypolo,  (7«oI.  Mag. 
im,v,  303.) 

■  Kcvent  research^  by  Mr.  B.  N.  Peach  f^  to  ibow  that  tho  Catbonireioos  Eury- 
bUtm  waB  almost  certainly  a  gigautic  arachnid  and  not  a  cruBtaceaa.  Some  Bplondid 
■pocimeiu  of  ita  sooipion-liko  combs  and  feet  have  been  obtainod  from  the  Lower 
CulnniieKHU  locka  of  the  Kinth  of  Scotland. 
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Some  of  theae  were  no  doabt  plaooidB  whioh  lived  kUbIj  in  tiie  m 
many,  if  not  all,  of  the  guioide  proliably  migrated  betwMm  nil 
fnwh  Tat«r;  at  leut  their  remains. are  fcnind  in  Soothnd  Bot. 
marine  limcstoaea,  but'  alao  in  stimta  fttU  of  laitd-plaDta, 
other  indications  of  eotoaiine  or  flu'vifttile  oonrlitioM. 
The  Booond  phase  of .  sedintM^lte,  titiat  of  the 


0.  ttavtltu  KoolDcktl,  VOib. ;  i. 


iiliiiiigiRp 


(Bnr^llMiiUnkkFW) 


marked  by  a  very  oharaoteristio  anite  of  orgaoio  remkins.  IM 
abundant  of  these  are  tho  plants,  which  possess  a  Bpetnal  intorat, 
inasmuch  oa  they  form  the  oldest  terrestrial  flora  that  has  Utn 
abundantly  proHcrred.  This  flora  is  marked  by  a  singolar  monotony  of 
character  nil  nvor  the  world,  from  the  Equator  into  the  Arctic  Ciitk, 
the  xamo  genera,  and  sometimes  even  tho  same  species,  appealing  to 
have  ranged  over  the  whole  Burfaco  of  the  globe.    It  consisted  (Jntwt 


Anlhrnpilinooa  Elbntdgll.  IVich, 


iiitiivly  of  vaneular  crjptogamB,  and  pre-traiDently  of  EquisetareCi 
I.yiMlKxlinww,  ami  Fonia.  Though  reforablo  to  existing  groups,  the 
plnntit  pn.'8t.'ntt.il  many  roinarktkblo  differenees  from  their  living  reprt- 
B^'ntftti^■^^!^.  In  particiilrtr,  save  m  the  case  of  tho  ferns,  they  mnch 
exwedoil  in  siie  any  forms  of  the  present  vegetable  world  to  whick 
th<.-y  can  be  aiieimilatod.  Our  mudern  horeo-taUs  had  their  allitf  in 
huge  trees  among  the  Carltoniferons  jungles,  and  the  familiar  olnb-nM* 
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of  onr  hills,  now  a  low  creeping  plant,  was  represented  by  tall-stemmed 
Lepidodendra  that  rose  fifty  feet  or  more  into  the  air.    The  ferns, 


Fig.  U! — CubonUeiDua  lehthTvdarulU*,  or  DotuI  Fii>b-«pUi?. 
CtCDMSMithua  brbodDidH.  EgRton. 

however,  present  no  snch  contrast  to  forms  still  living.  On  the  con- 
trary, they  often  recall  modem  genera,  which  they  resemhle  not  merely 
in  general  aspect,  but  even  in  their  ciicinnate  Temation  and  frnctifica- 


[.  313,— CubonlftroiM  Fiih. 
u  BlUbertl,  Ag.  >p.,  DnMliEn 


tion.  With  the  exception  of  a  few  tree-ferns,  they  seem  to  have  been 
all  low-growing  plants.'and  perhaps  were  to  some  extent  epiphytic  upon 
the  larger  vegetation  of  the  lagoons.    Some  of  the  more  common  genera 


A.^     ^i~A 


EniTTiMDa  cRDitiis.  Ag,,  "Ccmcnl-stoncB"  of  ScotUnd  (after  Traqiulr). 

are     Palat^lerU,    Sphenopteris,    Neuropteris     (Cychpterig),    Od<mlopteri&, 
Peeoplerit,  Alelhopteris.^ 

Among  the  EqnieetncDie,'  the  genus  CalamileB  is  specially  abundant. 

'  For  a  recent  ossay  on  tlie  morphology  and  ctaaailkmtion  of  llie  Ciirbonifcrons  rams 
■eo  D.  Stur,  Bilib.  Mad.  Wien.  liixvi.  (1883). 
'  On  C»ibataiemaa  OalMnoriea,  coDBiut  Wcias,  AWt.  Oeol.  SpeeiaUaiTle  Preiuten,  t. 
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Fig.  Mt.— CBrtunir^ronn  Ffrn. 
S|«f[iopl«riB  ifflnli,  LlDdl.  mil  Hull 


P(g.  M*.— Cirbonlfrnrai  FfOB. 
0,  NtnroplfTfa  Loghll,  Bron^. ;  ^  Aletlii^rli  ( 
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It  nsnally  occura  in  fragments  of  jointed  and  finely-ribb«d  stems. 
From  the  rounded  or  Hunted  base  of  the  stem,  other  stems  budded,  and 
nnmeroos  rootlets  proceeded,  whereby  the  plants  wove  anohored  in  the 
mad  or  sand  of  the  lagoons,  whore  they  grew  in  dense  thickets.  To  the 
ftdiage  of  Galamitos  different  generic  appellations  have  been  attached 
(Fig.  347).  The  name  Aalerophgllilet  {Coinmoeladua)  is  given  to  goint«d 
and  fluted  stems  with  verticils  of  slim  branches  proceeding  from  the 
jointsandboarJng  whorls  of  long,  narrow,  pointed  leaves.  In  Sj^enopkyU 
/km  the  leaves  were  fewer  in  number  and  wodge-nhaped ;  in  Ammlaria, 


■phenotifayllobtM,  Zenker :  b,  AslcnphjUltn. 


the  clofle-set  leaves  were  nnited  at  the  Iwse.  Calamodendron  is  believed 
by  some  botanists  to  be  the  cast  of  the  pith  of  a  woody  stem  belonging 
to  some  unknown  tree,  by  others  it  is  regnrded  as  only  a  condition  of 
the  preeervation  of  CnJnmittx. 

The  Lycopods  {Fig.  348)  were  repreflented  by  numerous  spenies  of 
the  genus  Lfpidodenrlnin,  dietinguished  by  the  qnincnncial  leaf-scars  on 
its  dichotomons  stem.  Its  branches,  closely  covered  with  pointed  leaves, 
bat«  at  their  ends  cones  or  spikes  (Lepidotfrobv«)  conHisting  of  a  central 
axis,  round  which  were  placed  imbricated  scales,  each  canying  a  spore- 
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caso.    Othor  conspicuouB  gonera  wero  Ulodendron,  Knonia,  Le^dopUoio^ . 
Halonia,  Cyclocladia. 

Among  tlie  most  romariable  trees  of  tho  CarboniferotU)  forests  wer-, 
the  SigiilarioidB.  Tho  genua  Si'jillaria  was  dietin^ished  ty  the  gret^k. 
height  (fifty  feot  or  more)  of  ite  trunk.  Its  stem  was  Anted  (Fig.  34^^ 
and  marked  by  parallel  perpendicular  lines  of  leaf-scan,  but  as  it  gT»~^ 
these  external  markinge  wcro  lost.  Tho  base  of  the  etem  pMses  iA.-f( 
the  roots  known  as  Stiipnarla,  the  pitted  and  tnberouled  atama  of  whi'^s), 
are  Huch  common  foeeiU  (Fig.  349  b,  350).  There  cui  be  little  dou'%3{_ 
however,  that  SUtfmaria  was  a  type  of  root  common  to  more  tlutn  C^^ng 
kind  of  tree.     Tho  genus  CordalUa  attained  a  great  profnsioa  in  ble 


FJg.  348.-Cub(inireraiii  LycapoiM, 
0.  LfpModcndroL  (()  ;  6,  L»pi(Ig«trobBi,  iiit.  Oa. 

time  of  the  Coal-moaanres.  It  carried  narrow  or  broad,  parallel-Teined 
loaves,  somewhat  like  those  of  a  Yucca,  which  wero  attached  by  biW 
Usea  at  somewhat  wide  distances  to  tho  stem,  and  on  their  fall  left 
prominent  leaf-scars.  The  true  position  of  this  plant  is  doubtfiil.  It 
may  have  been  lyoopodiaoeoiis ;  some  Iwtanists,  however,  have  pUoed 
it  with  hesitation  among  the  cycads,  others  have  regarded  it  as  » 
conifer.  It  bore  spikes  or  buds  known  as  Cntyo/iMee.  True  Conifer»  wew 
prolmbly  abundant  on  the  drier  ground,  for  their  stems  (Ddrfwyfoit. 
Araucarioitiihtt,  Piniteg)  have  been  mot  with,  jiartieularly  in  the  tuflkof 
ancient  volcanic  cones,  on  which  they  no  doubt  grew,  and  in  sandstone, 
whore  they  occur  as  drift-wood,  perhaps  from  higher  ground  (Fig.  351). 
It  should  bo  remomberod  that  tho  flora  preserved  in  the  Carbonifenms 
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■  IB  esaeDtially  that  of  the  low  grounds  and  Bwamps.  Certain  fniita 
m  as  Anthdilhes  and  Cardiocarpm  (Fig.  352),  occnrring  in  great 
tdance  in  some  bands  of  slialo,  have  been  regarded  as  of  ooniferons 


0,  bnt  are  now  referred  to  the  probably  lycopodiaceons  Cordaitei. 
fruit  known  as  Trigonocar^on  is  supposcMl  to  be  coniferous,  some- 
i  like  the  fruit  of  the  living  Salisburia.    That  true  monocotyledons 


'Ith  ittiched  nwUeU. 


ted  in  the  Carboniferous  period  was  until  recently  Bupposed  to  be 
ed  by  the  discovery  of  a  number  of  spikcB,  referred  to  the  living 
r  of  Aroidcfe  (PoOiocUes),  in  the  lower  part  of  tho  Carboniferous 
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system  of  Scotland  ;  bnt  Mr.  R.  Kidaton  lias  shown  that  the  Bpecimen^ 
nro  almost  certainly  tho  fructification  of  Bornla,  a  geuua  of  Calamitc* 

Tho  animal  remains  in  the  coal-bearing  part  of  the  Carbonifero^^ 
roolcs  are  comparatively  few.     As  already  stated,  in  certain  bands  ^^ 


shale,  coal,  and  ironstone  in  tho  lower  halt  of  tho  Coal-nieagnres.  nn- 
di'iilik'd  proofs  of  the  presence  of  the  sea  arc  afforded  by  the  occnneiite 
of  Willie  of  the  familiar  shells  of  the  Carboniferous  liniestone.   Bnt 


Frj(.  3M.— Anllrtillks  Klib  fanJIixarpoii. 

towards  ilie  miper  part  of  the  Goal- measures,  whore  theso  marine  foW 
almost  entirely  dieapi^ear  (iimnnR  their  last  representatives  being  Bpeei» 
i.f  Lhgiiln  and  Dincim),  other  mollusks,  that  were  pmbably  deaiiens  of 

'  Aim.  Ma/j.  Nat.  JIM.  May  1883,  p.  2W. 
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brackish  if  not  of  fresh  water  occur  in  abttndanco.  Among  the  more 
frequent  are  Anlhraconya  Anthracoata  and  Anthraeoptera.  CmebiceanB 
aro  chiefly  represented  by  Beynckia  and  Ettheria,  but  large  eurypterid 


A.  dwImdiM  gmralomi.  Yaang.  ifter  Tnqwdr 


forms  likewise  occur.    FiehcB  are  fonnd   freqnently,  remains  of  the 

larger  kinds  usually  appearing  in  scales,  tcefh,  fin-opines,  or  bones, 

while  the  Bmallcr  ganoids  are  often  preserved 

entire.    Common   genera  are   Clenodm,  Strq?- 

tadan,  Cheirodut  (Fig.   35;}),   Memhpia,  Clenae- 

anthwi,  Gjiraranfhm,  Pleuraeanlkm,  Cleniypli/chiw, 

and  Meijnlkhikyn. 

The  presence  of  tnio  air-breathers  among 
the  jungles  of  tlie  Carbouiforous  period  has 
been  established  by  the  discovery  of  numerous 
8|>ecinienB  of  arachnids,  iusects,  myriapods  and 
labjTinthodonts.  Scorpions  {Eoncorpiwi)  have 
been  found  both  in  Europe  and  America,  and 
recently  have  been  obtained  in  groat  numbei-s, 
in  exfollont  preservation  and  of  gigantic  size, 
in  the  I^ower  Carboniferous  rocks  of  Scotland- 
Other  arachnids  occur,  including  ancient  forms 
of  spider  (Prololyota).  Myriapods  were  re- 
presented by  various  plant-eating  millipedes 
{Xylobliig,  Arckiulun,  Talua,  Euphoberla).  Tnie  p 
insects   likewise  flitted   through   these  dense 

jungles.     'ITiough  their  remains  have  been  but  

scantily  preser^-ed,  we  know  that  they  included  ancient  forms  of  mayfly, 
cockroach,  cricket  and  beetle.  Even  our  moths  and  butterflies  seem  to 
have  had  their  Carboniferous  representatives,  if  a  fossil  found  in  Belgium 
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is  rightly  referred  to  the  Lepidoptera.  A  recent  synopsis  of  the  known 
insect  forms  of  the  Carboniferous  penod  gives  Lepidoptera  (?)  1  species; 
Coleoptera,  3 ;  Hemiptera,  3 ;  Neuroptera,  20 ;  PalsBodictyoptera,  17 ; 
Orthoptera,  71.  The  greatest  variety  has  been  obtained  from  the  Saar- 
briick  Coal-field;  but  perhaps  the  greatest  number  of  individual 
specimens  from  that  of  Commentry,  which  up  to  the  end  of  the  year 
1884  is  computed  to  have  furnished  not  less  than  1300  individuals. 
Some  of  the  insects  were  of  considerable  size.  Thus  the  neuropterons 
ArchseopHlus  from  the  Derbyshire  Coal-field  had  a  spread  of  wing  of 
perhaps  fourteen  inches  or  more ;  and  a  species  of  Dictyoneura  (D, 
Monyi)  had  a  wing  about  twelve  inches  iu  length.  Others  were  remark- 
able for  the  vividness  of  their  colouring  {Brodia),  the  markings  of  which 
are  still  recognisable  in  the  fossil  specimens.  One  of  the  most  singular 
features  yet  observed  among  these  ancient  insects  is  the  union  in  the 
same  individual  of  types  of  structure  which  are  now  entirely  distinct 
M.  Ch.  Brongniart  has  recently  shown  that  wings  which  were  admittedly 
neuropterons,  and  were  referred  to  the  genus  Dictyoneura^  were  really 
attached  to  bodies  which  are  unquestionably  orthopterous.^ 

The  Labyrinthodonts  which  appeared  in  Carboniferous  times  as  the 
magnates  of  the  vertebrate  world  had  a  salamander-like  body  with 
relatively  weak  limbs  and  a  long  tail.  Sometimes  the  limbs  seem  to 
have  been  imdevoloped,  so  that  the  body  was  serpent-like.  The  head 
was  protected  by  bony  plates,  and  there  was  likewise  a  ventral  armonr 
of  integumentary  scales.  The  British  Carboniferous  rocks  have  yielded 
13  genera  (^AnthracosauruSy  Loxomma,  Ophtderpetonj  Pholiderpetonf  Ptm- 
plaXf  Urocordylus,  &c.).  These  wore  probably  fluviatile  animals  of  pre- 
daceous  habits,  living  on  fish,  Crustacea,  and  other  organisms  of  the 
fresh  or  salt  waters  of  the  coal-lagoons.  The  larger  forms  are  believed 
to  have  measured  7  or  8  feet  in  length ;  some  of  the  smaller  examples, 
though  adult  and  perfect,  do  not  exceed  as  many  inches.^  The  coalfield 
of  Bohemia,  which  may  bo  in  part  Permian,  has  likewise  famished  a 
considerable  number  of  vertebrate  remains,  consisting  of  86  species  of 
Labyrinthodonts,  and  28  species  of  fishes.^  The  terrestrial  fauna 
obtained  from  the  interior  of  fossil  trees  in  the  Coal-measures  of  Nova 
Scotia  includes  land-shells  of  which  several  genera  aro  now  known 
(Dendropupa^^  Pupa,  Anihracopupa^  Zonites  and  Dawaonella). 

Fossil  plants  do  not  serve  so  well  for  purposes  of  geological  classi: 
fication  as  fossil  animals  (pp.  602,  609,  617).  In  the  Saxon  Coal-field, 
however,  Geinitz  (1856)  distinguished  five  zones,  each  characterised 
by  its  own  facies  of  vegetation.  1st.  The  Culm  with  Lepidodendr&n  ixl- 
thelmianum,  CalamUes  tramiitonis,  followed  by  the  remaining  four  zones, 

>  Ch.  Brongniart,  Bull  Soc.  Oeol,  France  (3)  xi.  p.  142 ;  also  Scudder,  Oed,  Maf 
1881,  p.  293;  Mem.  Boston,  Soc.  NaL  Hist,  iii.  (1883)  p.  213;  Proe.  Amer,  Acact.  18W» 
p.  1G7 ;  H.  Woodward,  Q,  J,  Qeol  Soc.  1872,  p.  GO;  H.  Cross,  Proe,  OeoL  Assoc n. 
(1880)  p.  278. 

2  Miall.  Brit,  Assoc,  1873, 1874. 

*  C.  Feistmantel,  Archiv,  Nattirw.  Landesdurchforsch,  Bohnen,  v.  No.  3  (1883)  P-  ^ 

*  J.  W.  Dawflon,  Phil.  Trans,  vol.  173  (1882)  p.  621. 
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which  compri86  the  produotive  coal-measures ;  viz.,  2nd,  the  zone  of 
Sigillarias ;  3rd,  the  zone  of  Galamites ;  4th ,  the  zone  of  Anniilaria ;  and 
5th,  the  zone  of  Ferns.  ^  More  recently  Grand'  Eury  has  subdivided 
iho  Carboniferous  system  into  the  following  members,  according  to  the 
Bucoession  of  vegetation  :^ — 

Snpra-Carboniferous  Flora,  eimpler  and  loss  rich  than  that  below,  show- 
ing a  passage  into  the  Permian  flora  above,  characterised  by  a  rapid  diminntion  of 
Aleihopterit,  Odontopterii  zenopieroide^,  Dictyopieris,  Annular ia,  Sphenophyllum,  The 
Calamites  are  represented  by  abundant  individuals  of  C.  variam  and  C.  Suekotoii^  also 
A§ierophyUiU$  tquitetiformU ;  the  ferns  by  Peeopteru  cyatheoidea,  P.  hemitdioides, 
OdontopieriM  minoTj  0.  Sehlotheimii,  several  species  of  NeuropteriSy  &c, ;  the  Sigillarias 
by  8.  Brardiif  8.  spinuloaa,  and  Stigmaria  ficoide$ ;  CordaiU$  by  numerous  narrow- 
leaved  forms;  the  Galamodendra  by  a  prodigious  abundance  of  some  species,  e.g, 
CkUamoden'^ron  bidriiUumj  Calamites  cruciaiuB,  Arihropitus  wboommunis ;  the  conifers 
bj  Walehia  piniformU  and  some  others. 

Upper  Goal  Flora  (properly  so  called).  Galamites  often  abundant — C.  inter- 
rupitt»t  C.  Suekomij  C,  eannKformis,  AtierophyUite$  hippuraidet,  Maerostacfiya  in/undi- 
huUformU  (very  common),  Annularia  hrevifdHa^  and  A,  longifolia  (common  through- 
oatX  SphenophyUum  oblong  if oUum.  Ferns  richly  developed,  particularly  of  the  genera 
Peeopteru  (P.  uniia^  arguta^  polymorpha^  and  especially  ScMotheimii) ;  Odontopieris  (O 
reiehiana,  Brardii,  mixoneunij  zenopteroidesy  the  last  extremely  abundant) ;  Catdopferis 
wkoerodUeuBy  Alethopteris  Grandini  in  great  profusion,  CaUipteridium  (C.  ovcUutn, 
gigaSf  den»if6lia^  common).  Lepidodendra  have  almost  disappeared;  Sigillariie  are 
not  uncommon  {8.  rhUydclepUj  8.  Brardii)^  with  Stigmariopsis  and  Syringodendron, 
Cordaiies  occurs  in  great  abundance ;  the  conifers  are  represented  by  Walchta  pint' 
formis  and  a  few  other  species.  Galamodendra  occur  in  great  abundance,  especially 
Caiamitei  eniciaiiu. 

Upper  Goal  Flor a— (Lower  Zone,  Flare  du  terrain  houiUer  tom-mp^rieure), — 
Galamites  amd  Asterophyllites  abundant  in  individuals  and  species  (C.  Suckowii,  Cistiu 
eannxformiij  variaM,  approximatus,  A,  rigidus,  grandis,  hippuroidei),  Annularia  radiata, 
SphenophyUum.  Among  the  ferns  there  are  few  true  sphenopterids,  but  Neuropferis  is 
oommon  (N.  flexuoaa^  auriculata),  also  Odontopteris  (O.  reicJiianay  SMotheimii),  Peco- 
pieris  (P.  arboretcenst  ptdchra,  candoUiancL,  rillosa,  oreopteridia^  erenulaia,  ai>pidoide$f 
ds^ofu),  Caulopteris,  P$aroniu$.  Lepidodendra  are  few  (L.  Sternbergii,  elegant^  Lepido- 
tirotnu  Mtdh-tariahUis,  Lepidophloioa  laricinutt  Knorria  ScUoni,  Lepidophyllum  majus). 
Sig^illarioid  forms  are  likewise  on  the  wane  when  compared  with  their  profusion  below 
{Sigillaria  elliptioa,  Candollii,  tesseliata,  elegans^  grasiana^  Brardii,  apitnUom :  Syringo- 
dendron  eychstigma,  diitam ;  Stigmaria  ficoides  abundant).  Gordaitcs,  however,  now 
booomes  the  dominant  group  of  plants,  but  with  a  somewhat  different  facies  from  that 
which  it  presents  in  the  middle  Ckwl-measures  (C7.  horafn/oliufj  C.  principalis,  Dadoxylon 
Braudlingii,  Cardiocarpon  emarginatum,  Gutbieri,  majusj  ovatum).  Calamite*  cruciatus 
mokes  its  appearance,  also  Walchia  piniformis. 

Middle  Coal  Flora — (Upper  Zone,  iS^M2)ra-inoyenii«).— Galamites  numerous 
(C.  Suckomiy  Cidiij  cannx/ormif,  ramosut;  Asterophyllites  foliosm,  longi/olius,  grandt\ 
rigidue;  Annularia  minuta,  brevi/olia;  Splienophyllum  taxi/ragae/olium,  ScMotfieimii, 
intneatunij  majue.  Ferns  represented  by  Sphenopteris  (8,  lati/olioy  irregidarisy  tri/oliolataj 
enttatOj  &c.).  Prepecopteris  (maximum  of  this  genus},  Peeopteris  (P.  dbbreviatOy  viUota, 
Cittii,  oreopteridia,  &c.),  CaulopteriSj  Neuropteri$,  and  other  genera.  Lepidodendra 
are  not  infrequent  {Lepidodendron  aculeatum,  Stcmbergii,  elegans,  rimoium;  lApido- 

>  '  G»eognoet  Darst  Bteink.  Sachsen,*  1856,  p.  83;  *  Die  Steinkohlen  Deutschlandji,' 
1865,  i.  p.  29. 

*  'Flore  Garbonif^  dn  Deportement  de  la  Loire  et  du  Gentre  de  la  France,' 
Cyrille  Grand'Eury,  Mem,  Sav,  Etrangers.  xxiv.  (1877). 
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strohiis  variabilis ;  Lejndophloios  laricinus,  Lepidophyllum  majm),  and  various  Ljfeopo- 
ditcs.  The  proiwrtiou  of  Sigillaria  is  always  large  (S,  Corteiy  intermedia^  Siilimtuau, 
lc«Hdlata,  cyclngiiyniaf  altcrnani^,  Brmigniarti,  Slujmaria  Jieoides,  mtnor),  Pteudm" 
ijillaria  is  abundant,  especially  1\  monostigma.  Cordaites  appears  in  some  places 
abimduntly  (C.  hora»«ifoliiis,  Artisia  transccrtfa,  CladiiKut  sehnorrianuif),  and  iU  fruits 
lire  nuineroud  and  varied  (^Cardiocarpon  emanjinatnm,  orhiculare,  aratum). 

Middle  Coal  Flora  (properly  so-called),  clmractcrised  abovo  all  by  the 
dominant  place  of  the  Bigillarioids,  which  now  surpass  the  lopidodendroida  and  foim 
the  niain  mass  of  the  coal-seams.  The  genus  SigiUaHa  here  altains  its  maximum 
development  (S,  Groeseri,  angustaj  scuUllatay  intermedia,  eUmgata,  nolaia,  aUerwuu, 
rugogUy  reniformis,  leopoldiiia,  and  many  more ;  FseudosigiUaria  striata,  rinuMo,  mtmo- 
stigma;  Stigmaria  fieoidee,  minor).  Ix>pidodendroids  are  largo  and  frequent  (X€pub- 
dendron  aadeatumt  cibovatumy  caudatnm,  rimosum,  Stembergii,  elegant;  LepidopkMin 
laricinm;  Vlodendron  maJH$,  minus;  Halonia  ttd^erctdata,  lortuosa,  regulariM;  Lepidih 
phyllum  majus;  Lepidoslrobtu  tariabilvi).  The  ferus  are  abundant  and  varied;  the 
tSphenopteridH  include  many  species,  of  which  Sphenopteris  Hoeninghausii  and  tendla 
are  common  (also  iS^.  Bronni,  Schlotheiinii,  tenuifoUa^  rigida, /urcata,  elegant);  Algtho- 
pteris  is  very  plentiful  (^4.  lonchitica,  Serlii,  MantcUi,  het€rophyUa) ;  elao  Lonehopteris 
Bricii  and  L.  Bdhlii ;  Prepecopterit,  PeoopteriB,  Megaphyton,  Neuropteris  (^N.  fexwm^ 
Loshii,  tenuifolia,  gigantea),  Cychpteris,  Atdacopten's,  The  calamiies  are  widely 
diffused  and  abundant,  esi>ecially  Catamites  duhius,  undnlatuB,  ramosns,  deeoratntf 
Steinhaueri ;  AsterophyUites  8td)hippuroides,  grandisy  longi/olius  ;  Volkmannia  binneffana ; 
SplienophyUum  seems  hero  to  reach  its  maximum,  oharacteristio  species  b^ng  & 
emarginatnmy  sa^ifraga/oliumy  erosum,  dentatum,  tmncatumy  Sehlotheimii.  Some  coals 
and  shales  abound  with  Cardiocarpon,  also  Trigonocarpon,  and  Ndggerathia, 

Middle  Goal  Flora. — (Lower  Zone,  Flore  houillere  sous-moyenne). — Lepido- 
deudroids  are  characteristically  abundant  and  varied  {Lepidodendron  aeuieatum,  atrnva' 
tuniy  crenatumy  Haidingeriy  ttndulatumy  longi/olium;  and  Lepidophhios  laricinus,  inlet- 
mediusy  crassicaulis;  Vlodendron,  abundtmt  in  England,  U.  dichotomum,  pundalnm, 
majiuft  mintu,  &c. ;  Halonia  tortuosa,  regvlarisy  &c.).  Sigillarioids  are  numerous  (Sigil- 
laria  oculata,  degans,  scutellata,  ehngata,  mamillaris,  alveolaris,  reniformis  ;  SUgwmria 
ficoideSy  minor,  stcUata,  reticulata;  IHctyoxyhny  Lyginodendron).  Calamitea  abound 
{Catamites  cannaifonnis,  Suckowiiy  Cistii,  decorcdus,  approximalus ;  AsterxtpkyOites, 
mhhippuroid^fy  longi/olius  ;  Volkmannia  polyslachya).  Ferns  likewise  form  a  noAaUe 
part  of  the  flora,  especially  spbenoptcrids  {Sphenopteris  lati/olia,  aeutt/olia,  elegmis, 
di«s€cta,furcata,  Gravenhorsliiy  nervosa,  mHricata,obtuifilohay  tri/oliala) ;  also  Prepeeopleris 
tsilesiaca,  oxyphylla,  Glockeri,  dentata ;  Megaphyton  majns ;  Pecopteris  ophiodermaHea 
and  other  similar  forms.  The  neuropterids  become  abundant  (Neuropteris  AeleropJbyOa, 
Loifhiiy  gigantea,  tenuifolia;  Cydopteris  obliqua;  Alethopteris  httdiitioa,  Ac),  The 
abundant  Cordaites  of  the  higher  measures  are  absent,  though  the  fruit  CarpoUOM 
occasionally  occurs. 

Infra  Coal-measure  Flora. — (Millstone  grit,  Vetage  in/ra-houiUer),  dia- 
ractcriscd  essentially  by  lepidodendroids  and  stigmarias.  Lepidodendron  oetileaiiiM, 
obovatuMy  crenatumy  hrevifolium,  caudatum,  carinatumy  rimosum,  volkmannianum ;  Vkf 
dendroH  punctatum,  eUipticum,  majus  ;  Halonia  tuberculosa ;  LepidopMoios  iniimsdiMS, 
laricinus,  Sigillaria  is  not  very  common,  but  S.  oculata,  alveaHata  (Stem.),  Knorrih 
trigona,  minima,  and  other  species  occur.  The  ferns  are  more  varied  than  in  older 
parts  of  the  system,  sphenopterids  being  the  dominant  types  (Sphenopteris  distans, 
degans,  tridactylites,  furcata,  dissecia,  rigida,  divaricaia,  linearis,  acutiUfba,  &c*). 
The  genus  Pecopteris  is  represented  by  a  few  species.  Neuropteris  is  comparatively 
rare  {N.  Loshii,  tenuifolia),  Alethopteris  appears  in  the  widespread  species  A,  lonekiHea, 
and  a  few  others.  Calamites  are  not  relatively  abundant  (Catamites  undulatns, 
Steinhaueriy  communisy  canme/onnis,  Cistii  ;  AsterophyUites  foliostts,  &c.). 

Flora  of  the  ITpper  Greywacke. — Lepidodendroids  are  the  pnjValent 
forms  (Lepidodendron  carinatum,  polyphyllum,  volkmannianum^  rugosuMf  caud4Um/h 
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aeuleaiuni,  dbwaium ;  Ualonia  tetra$tichaj  regfdaru  ;  Vlodcndrou  ovale,  comtnuiatum), 
Siigmariain  sevoral spocicB oocurs, somotimes  abundantly:  but  Sigillaria  is  rare  {8,  un- 
duiaia,  VcHiziU  CMtata,  stiheUgans^  venom,  Guerangeri,  verncuiUana).  Calaiuites  are  not 
infrequent  (C  Roemeri,  Votlzii,  cannvformis,  &c.)*  Tho  ferns  arc  oliiofly  sphonopterids 
(Spikenopteris  dieiecta,  eUgans,  Chrtdorfii^  dhtans,  triductyliles,  schistorum  ;  CydopterU 
Unuifciiay  Havlvigerl,  flabellaia ;  Frepecoi^eris  aspera,  Bubdentata  ;  Neuropieris  Jieiero- 
pkyUa,  Losltit). 

Flora  of  the  Culm,  characterised  by  the  abundance  of  lepidodendroids  of  the 
tjpe  of  L.  veltheimianum  (with  Knorria  im!}rieatd),  by  the  number  of  Borniu  imnsUhnUy 
aoBOciated  with  CalamUe$  Roemeri,  Stfgmaria  ficoides  (and  other  species),  and  by  tho 
abundance  of  the  paheopterid  ferns  {PalKopterU  Machaneti,  aniiquiij  distecta,  (SpJieiw- 
pUrU)  affinia  (Fig  345);  Cardiopteris  frondoM;  Rliodta  divaricaUty  elegans,  moravica  ; 
Sphenopterh  G&pperii,  Schimperi,  &c.). 

Carbon! ferous  Limostouo  Flor a. — Tho  palasopterid  ferns  reach  a  niaxi- 
finum  {PaUBopteris  inaquilatera,  lind«exformu,  pohjmorpha,  frondom),  Sphcnopterid 
Ibmia  are  found  in  SpltetiopterU  bifida,  lanceolata,  confertifolia.  The  ohl  genus 
CyeUntligma  hero  disappears  (C.  minuta,  Nathorftit).  Tho  more  characteristic  lepido- 
clendroidfl  are  Lepidodendron  tceihianum,  veltheimianum,  squanioeum ;  Knorria  imbricala, 
aeiadaris.  The  flora  includes  also  Stigmaria  ficoides,  rtigom;  Bomia  tranHiionis  ; 
AiterophylliUa  elegant,  &c. 

§2.   Local   Develop  mo  lit. 

The  European  deyelopment  of  the  Carboniferous  system  presents  certain  well- 
marked  local  types,  which  bring  clearly  before  tho  mind  some  of  the  successive 
googiaphical  features  of  the  time.  During  the  earlier  half  of  tho  Carboniferous 
period,  there  still  lay  much  land  towards  the  north  and  north-west  of  tho  present 
European  area,  whence  a  continuous  supply  of  sandy  and  muddy  sediment  was  derived. 
A  sea  of  moderate  depth  and  clear  water  extoniled  from  the  Atlantic  across  the  sito  of 
central  Ireland,  the  heart  of  England,  and  Belgium  into  Westphalia.  The  southern 
maigin  of  this  ancient  Mediterranean  was  probably  formed  by  the  ridge  of  older 
Paleozoic  and  crystalline  rocks,  which,  extending  from  the  west  of  England  into 
the  Boulonnais,  and  from  Brittany  into  central  France,  sweeps  eastward  by  tlie 
nplands  of  the  Ardennes,  Ilundsriiok,  Taunus,  and  Thuringer  Wald  into  Saxony  and 
SUcriia.  In  the  deeper  and  clearer  water,  raas!<ivc  beds  of  limestone  accumulated ;  but 
towards  the  land,  at  least  on  the  north  side  of  the  sea,  there  was  an  increasingly 
abundant  deposit  of  sand  and  mud,  with  occassional  seams  of  coal  and  sheets  of  lime- 
stone. The  whole  region  underwent  slow  subsidence  and  infilling  of  sediment,  until  at 
last  vast  marshes  and  jungles  occupied  tracts  that  had  been  previously  i^oa.  By  degreet;, 
tlio  lower  parts  of  the  surrounding  land  were  likewise  submerged  beneath  the  accu- 
mulating ooal-growths,  which  consequently  spread  over  tho  sinking  areas.  Hencc>, 
while  acioss  the  central  ix)rtions  of  tlie  Carboniferous  region  the  normal  succession  of 
•inta  presents  a  lower  marine  division,  consisting  mainly  of  limestone,  and  an  upper 
brackish-water  division,  comjxMcd  of  sandstones,  shales,  and  coal-seams,  the  marginal 
tracts  show  hardly  any  limestone,  some  of  them  indeed,  as  in  central  France,  containing 
only  the  very  highest  part  of  the  upper  division. 

The  British  Isles.'— The  general  sequence  just  referied  to  is  well  illustrated  in 


1  Detailed  information  regarding  British  Carboniferous  rocks  will  bo  found  in  the 
Memoir$  of  the  Geological  Survey,  See  also  Phillips'  •  Geology  of  Yorkshire,'  183G,  Hull's 
•Coal-Fields  of  Great  Britain,'  and  papers  by  Prestwich  {GeoL  Tram.  2nd  ser.  v.), 
Sedgwick  {op,  cit.  iv.,  Q.  /.  Geol.  Soc.  viii.,  Proc.  GeoL  Sor.  ii.),  Binney  (Q.  J.  Gecl  Soc, 
ii.  xviii.),  Kirkby  (r/p.  ciL  xxxvi.);  Davis  and  Lees,  *West  Yorkshire,'  1878.  Tiiu 
•*  Geology  of  the  Yorkshire  Coal-field,"  by  Messrs.  Green  and  Bussell,  in  Mem.  GeoL 
8mrr.t  contains  a  largo  amount  of  detail. 
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tUo  Btracture  of  the  Carboniferous  tracts  of  Britain,  which,  being  safficiently  exiomivQ 
to  contain  more  than  one  type  of  the  system,  cast  interesting  light  on  the  tuiq^ 
geographical  conditions  under  which  the  rocks  were  accumulated.    As  the  land,  wheoQ^ 
the  chief  supplies  of  sediment  were  derived,  rose  mainly  to  the  north  and  north-we^f 
while  the  centre  of  England  aud  Ireland  lay  under  clear  water  of  moderate  depth,  tbe 
sea  shallowed  northwards  into  Scotland,  and  its  bottom  was  covered  with  oomstaiitlr 
accumulating  banks  of  sand  and  sheets  of  mud.    Hence   vertical  sections  of   tlie 
Carboniferous  system  of  Britain  differ  greatly  according  to  the  districts  in  which  ihej 
are  taken.    The  subjoined  table  may  be  regarded  as  expressing  the  typical  subdiviiioitt 
which  can  be  recognised,  with  modifications,  in  all  parts  of  the  country : — 

'Hed  and  grey  sandstones,  clays,  and  sometimes  breccias,  with  occa« 

sional  seams  and  streaks  of  coal  aud  Spirorbis  limestone  (^Cytktire 

infiata,  Spirorbis  carbonariiis). 

Middle  or  chief  coal-bearing  series  of  sandstones,  clays,  and  sbaleii, 

3.  Coal-measures  <      with  numerous  workable  coals  (^Anthracosia,  AtUfwaoomyOf  Bey^ 

richia,  EsthcriUj  Spirorbis,  &c.). 
Gannister  beds,  flagstones,  shales,  and  thin  coals,  with  hard  siliceous 
(gannister)  pavements  {OrthoccraSj  Qoniatitcs,  Posidonomya,  Ati- 
citiojxxteny  Lingula,  &c.). 
2.  Millstone  Grit — Grits,  flagstones,  and  shales,  with  thin  seams  of  coaL 

Toredale  group  of  bhales  and  grits,  passing  down  into  dark  shales 

and  limestones  (^Guniatitcs,  AvicHlojxxtvn,  Posidowmya^  Lingulaf 

Discina,  &c.). 

Thick  (Scaur  or  IMain)  limestone  in  south  and  centre  of  England 

and  Ireland,  passing  northwards  into  sandstones,  shales,  and  coals 

1.  Carboniferous  [     with  limestones  (abundant  corals,  polyzoans,  brachiopods,  lamelU- 

Limestouc  '  |     branchs,  &c.). 

series  [Lower  Limestone  Shale  of  south  and  centre  of  England  (marine 

fossils  like  those  of  overlying  limestone).  The  Calciferous  Sand- 
stone group  of  Scotland  (marine,  estuarine,  and  terrestrial  organ- 
isms), probably  represents  the  Lower  Limestone  Shale  and  Scaur 
Limestone,  and  graduates  downward  insensibly  into  the  Upper 
Old  Ked  Sandstone. 

1.  Carboniferous  Limestone  8erie$  and  local  equivalents, — In  the  sonth-weit  of 
England,  and  in  South  Wales,  the  Carboniferous  system  passes  down  oonfoim- 
ably  into  the  Old  Bed  Sandstone.  The  passage  beds  consist  of  yellow,  green,  ind 
reddish  sandstones,  green,  grey,  red,  blue,  and  variegated  marls  and  shales,  sometimes 
full  of  terrestrial  plants.  They  ore  well  exposed  on  the  Pembrokeshire  ooaitr, 
marine  fossils  being  there  found  even  among  the  argillaceous  beds  at  the  top  of  the 
Bed  Sandstone  series.  They  occur  with  a  thickness  of  about  500  feet  in  the  gorge 
of  the  Avon  near  Bristol,  but  show  less  than  half  that  depth  about  the  Forest  of  Dean. 
At  their  base  there  lies  a  bone-bed  containing  abundant  palatal  teeth.  Not  far  shore 
tliis  horizon,  plant-bearing  strata  are  found.  Hence  these  rocks  bring  before  us  a 
mingling  of  terrestrial  and  marine  conditions.  In  Yorkshire,  near  Lo¥rther  Castle, 
Brough,  and  in  Bavenstonedalo,  alternations  of  red  sandstones,  shales,  and  days, 
containing  Sligmaria  and  other  plants,  occur  in  the  lower  part  of  the  GarbonifeFOOS 
Limestone.  Along  the  eastern  edge  of  the  Silurian  hills  of  the  Lake  district,  at  the 
base  of  the  Pennine  escarpment  and  round  the  Cheviot  Hills,  what  is  commonly  regarded 
as  the  Old  Red  Sandstone  (and  conglomerate)  appears  here  and  there,  and  pasKS  up 
through  a  succession  of  red  and  grey  sandstones,  and  green  and  red  shales  and  marls 
with  plants,  into  tlie  base  of  the  Carboniferous  Limestone.  It  is  highly  probable, 
however,  that  these  red  stmta  form  merely  a  local  base,  and  occur  on  many  snocessive 
horizons ;  so  that  they  should  bo  regarded  not  as  marking  any  particular  period,  so 
much  as  indicating  the  recurrence  or  persistence  of  certain  peculiar  littoral  conditioiis 
of  de|)osit  during  the  subsidence  of  the  land  (p.  480). 

In  the  south  and  south-west  of  England,  and  in  South  Wales,  the  base  of  tbs 
Carboniferous  system  consists  of  certain  dark  shales  known  as  Lower  Limostost 
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Shale,  in  which  a  few  characteristic  fossils  of  tbe  Carboniferous  Limestono  occur. 
These  hasement  beds  vary  up  to  rathor  more  than  400  feet  in  thickness.  They  are  over- 
lain oonformablj  by  tl^  thick  mass  of  limestone,  which  in  Britain  and  Belgium  forms  a 
most  characteristic  member  of  the  Carboniferous  system. 

On  referring  to  a  geological  map  of  England  it  will  be  seen  that  from  Northumber- 
land,  southwards  to  the  low  plains  in  the  centre  of  the  country,  there  runs  a  ridge  of  high 
ground,  formed  by  a  great  anticline,  along  which  the  Carboniferous  Limestone 
appears  at  intervals  from  underneath  higher  members  of  the  system.  In  this  northern 
Carboniferous  area,  of  which  the  axis  is  known  as  the  Pennine  Chain,  the  limestone 
attains  its  greatest  development.  In  the  southern  portion  of  the  district  (Derbyshire) 
it  reaches  a  depth  of  4000  feet,  and  yet  its  actual  base  is  nowhere  seen.  This  Pennine 
region  appears  to  have  been  the  area  of  maximum  depression  during  the  early  part  of 
the  Carboniferous  period  in  Britain.  Traced  towards  the  south-west,  the  limestone 
diminishes  to  about  2000  feet  near  Bristol,  and  is  sometimes  not  more  than  500  feet  in 
South  Wales.  Northwards,  losing  its  character  of  a  massive  calcareous  formation,  it  is 
q>lit  up  by  intercalations  of  sandstone,  shale,  coal,  &c.,  until  actual  limestono  becomes  a 
very  subordinate  member  of  the  series  in  central  Scotland. 

Where  typically  developed,  the  Carboniferous  Limestone  is  a  massivo  well-bedded 
limestone,  chiefly  light  bluish-grey  in  colour,  varying  from  a  compact  homogeneous  to  a 
distinotly  crystalline  texture,  and  rising  into  ranges  of  hills,  whence  its  original  name 
"  Mountain  Limestone."  It  is  sometimes,  especially  near  Bristol,  distinctly  ooUtio,  and 
often  contains  occasional  scattered  irregular  nodules  and  nodular  beds  of  dark  chert 
(phtanito).  Though  it  is  abxmdantly  fossillferous,  little  has  yet  been  done  in  working 
out  in  detail  the  successive  life-zones  of  this  great  moss  of  rock,  as  has  been  done 
•o  well  for  the  corresponding  limestone  series  of  Belgium.  The  fossils  commonly 
stand  out  on  weathered  surfaces  of  tho  rock,  but  microscopic  investigation  shows 
that  even  those  portions  of  the  mass  which  appear  most  structureless  consist  of  tho 
crowded  remains  of  marine  organisms.  The  limestone  has  been  derived  entirely  from 
the  organisms  of  the  sea-floor,  either  growing  up  into  a  solid  mass  after  tho  manner  of 
coral-reefs,  or  spreading  over  tho  bottom  in  sheets  of  crinoid  detritus,  or  coral  sand, 
mixed  with  the  remains  of  foraminifera,  mollusks,  &c.  Diversities  of  colour  and  litholo- 
gical  character  occur,  whereby  the  bedding  of  the  thick  calcareous  mass  can  be  distinctly 
■eon.  Here  and  there,  a  more  marked  crystalline  structure  has  been  superinduced ; 
while  along  lines  of  principal  joints  the  rock  on  either  side  for  a  breadth  of  20  or  30 
Crthoms  is  converted  into  yellowish  or  brown  dolomite  or  *'  dunstone  "  (see  p.  296).  In 
Deibyshire,  sheets  of  contemporaneous  lava,  locally  termed  *<  toadstone,"  are  interpolated 
in  the  Carboniferous  Limestone.  Other  evidences  of  contemporaneous  volcanic  action 
have  been  noted  by  Mr.  J.  Home  in  the  Isle  of  Man,  but  it  is  in  Scotland,  as  will  bo 
immediately  referred  to,  that  tho  most  remarkable  proofs  of  abundantly  active  Carboni- 
feroaB  volcanoes  have  been  preserved. 

In  the  Carboniferous  areas  of  the  south-west  of  England  and  South  Wales,  the  limits 
of  the  Carboniferous  Limestone  are  well  defined  by  the  Lower  Limestone  Shale  below,  and 
by  the  Farewell  Rock  or  Millstone  Grit  above.  In  the  Pennine  area,  however,  the  massivo 
limestone  is  succeeded  by  a  series  of  shales,  limestones,  and  sandstones,  known  as  tho 
Yoredale  Group.  These  cover  a  large  area  and  attain  a  great  thickness.  In  North 
Staffordshire  they  are  2300  feet  thick,  which,  added  to  the  4000  feet  of  limestone  below, 
gives  a  depth  of  6300  feet  for  the  whole  Carboniferous  Limestone  scries  of  that  region. 
In  Lancashire,  the  Yoredale  rocks  attain  still  more  stupendous  dimensions,  Mr.  Hull 
having  found  them  to  be  no  less  than  4500  feet  thick.  Both  the  lower  or  main  (Scaur) 
limestone  and  the  Yoredale  group  pass  northwards  into  sandstones  and  shales  witli 
eool  seams,  and  diminish  in  thickness. 

Traced  northwards  into  Scotland,  the  Carboniferous  Limestono  undergoes  a 
remarkable  petrographical  and  palaBontological  change.  Its  massive  limestones  dwindle 
down»  and  are  replaced  by  thick  courses  of  yellow  and  white  sandstone,  dark  shale, 
and  aeamf  of  coal  and  ironstone,  among  which  only  a  few  thin  sheets  of  limestone 
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are  to  bo  met  with.  Scottish  gcologibts  have  divided  tlie  lower  half  of  their  Gbr- 
boiiifcrons  systom  into  two  well-marked  groups— the  Caloiferons  SandstooM  and  the 
Carboniferous  Limestone.  The  Caloiferous  Sandstone  group  is  compoiedof 
two  groups  of  strata — the  lower  of  which,  or  Red  Sandstone  sub-group^  oonsiBtB  of  nd, 
white,  and  yellow  sandstones,  bine,  grey,  green,  and  red  marls  or  clays,  while  the  npper 
or  Oomcnt-stonc  snb-group  is  made  up  of  white  and  yellow  sandstones,  blue  and  Uad 
shales,  thin  coflls,  seams  of  limestone  and  cement-stone,  and  abundant  Tokanio  rodbi. 
The  re<l  sandstones  pass  down  into  the  Upi)er  Old  Bed  Sandstone,  with  which  indeed 
they  might  be  clashed,  and  from  whicli  they  differ  merely  in  the  less  intensity  of  their 
colour,  in  the  frequent  grey  and  purplish  tints  tliey  assume,  and  in  the  absenoe  of  the 
deep  brick-red  marls  so  marked  in  the  l' pper  Old  Red  Sandstone.  In  the  weit  of 
Scotland,  as  above  (p.  715)  stated,  there  occur  among  the  red  sandstones  (some  of  whieh 
contain  Upiier  Old  Red  Sandstone  fishes)  bands  of  limestone  fall  of  true  CarbonifBuooi 
Limestone  corals  and  brachiopods.  Hence  it  is  evident  that  the  Carboniferons  Limeitou 
fauna  had  already  appeared  outside  the  British  area  before  the  final  cessation  of  the 
peculiar  conditions  of  sedimentation  of  the  Old  Red  Sandstone  period.  It  was  not, 
however,  until  these  conditions  had  disappeareil  that  the  sea  began  to  invade  the  kkei 
and  creep  over  the  sinking  land  of  this  part  of  Britain,  and  to  bring  with  it  the 
abundant  Carboniferous  fauna.  The  Calciferous  Sandstones  of  Scotland  lepreeqit  i 
phase  of  sedimentation  contemporaneous  with  the  deposition  of  the  Lower  I  Jmeriooe 
Shale  and  the  Scaur  Limestone  of  the  Carboniferous  Limestone  series  of  England. 

One  of  the  most  singular  features  of  the  Lower  Carboniferons  rocks  of  Sooiltnd  is 
the  prodigious  abundance  of  the  intercalated  volcanic  rocks.  So  varied,  indeed,  an 
the  characters  of  these  masses,  and  so  manifuld  and  interesting  is  the  light  they  throv 
upon  volcanic  action,  that  Ihe  region  may  be  studied  as  a  typical  one  for  this  clsn  of 
phenomena.  (See  Book  IV.  Part  YII.  Sect  i.)  Siotions  are  abundant  inland  on  tiw 
sides  of  the  hills  and  in  the  stream  courses,  while  along  the  sea-shore  the  rocki  Imtc 
been  admirably  exposed.  The  most  persistent  zone  of  volcanic  rocks  in  the  whole  of 
the  Scottisli  Carboniferous  series  is  that  which  succeeds  the  lower  or  red  sandefaie 
sub-group  of  the  Calciferous  Sandstones.  Composed  of  successive  sheets  of  cUshsie; 
porphyrito  and  tuffs,  it  sweeps  in  long  isolated  ranges  of  hills  from  Arron  and  Bute  oo 
the  west  to  the  mouth  of  the  estuary  of  the  Forth  on  the  east,  and  from  the  CampsieFdb 
on  the  nortli  to  the  heights  of  Ayrshire,  and  appears  still  further  south  in  Berwickahir^ 
Liddcsdale,  and  the  English  border.  These  volcanic  sheets  sometimes  reach  a  thiGknen 
of  1 500  feet.  That  tliey  belong  to  the  Carboniferous  system  is  indicated  by  the  occnnence 
of  shales  and  sandstones  (with  Carboniferous  plants)  at  their  base.  They  show  thit 
the  early  part  of  the  Carboniferous  period  in  Scotland  was  marked  by  a  prodigiooi 
volcanic  activity,  followed  by  the  prolonged  subsidence  required  for  the  aeenmnlitioB 
of  the  Carboniferous  system. 

A^x)ve  this  volcanic  zone  lies  the  Cement-stone  sub-group  or  upper  snbdivisioDof  the 
Calciferous  sandstones.  In  Berwickshire  and  the  west  of  Scotland,  it  consists  of  this- 
bcddcd  white,  yellow,  and  green  sandstones,  grey,  green,  blue,  and  red  clays  and  ehaiei. 
with  thin  bands'  of  pale  argillaceous  limestone  or  cement-stone.  Seams  of  gypeim 
occasionally  appear.  These  strata  are,  on  the  whole,  eingularly  barren  of  oisanic 
remains.  They  seem  to  have  been  laid  down  with  great  slowness,  and  withost 
disturUance,  in  enclosed  basins,  which  were  not  well  fitted  for  the  support  of  aniBiil 
life,  though  fmgmentary  plants  serve  to  show  that  the  adjoining  slopes  were  oorend 
with  vegetation.  In  the  basin  of  the  Firth  of  Forth,  however,  the  gronp  piesenti 
a  different  lithological  aspect  and  is  abundantly  fossiliferous.  It  there  usually  consisli 
of  yellow,  grey,  and  white  sandstones,  with  blue  and  black  shales,  ckiy-ironstoneii 
limestones,  "cement-stones,"  and  occasional  scam*)  of  coal.  The  sandstones  fom 
excellent  building  stones,  the  city  of  Edinburgh  having  been  built  of  them.  Some 
of  the  shales  are  so  bituminous  as  to  yield,  on  distillation,  from  thirty  to  fijity 
gallons  of  crude  petroleum  to  the  ton  of  shale ;  they  aro  consequently  largely  wodbed 
for  the  manufacture  of  mineral-oils.    The  limestones  aro  usually  dulli  grey  or  yelfew,  and 
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doee-grained,  in  seams  seldom  more  than  a  few  iuches  thick,  and  graduate  by  addition  of 
clay  and  protoxide  of  iron  into  cement-stone ;  but  occasionally  they  swell  out  into  thick 
lenticular  masses  like  the  well-known  limestone  of  Burdie  House,  so  long  noted  for  its 
nnuirkablo  fossil  fishes.  This  limestone  appears  to  be  mainly  made  of  the  crowded 
canes  of  a  small  ostracod  crustacean  (Leperditia  Okeniy  var.  scoto^jurdigcdeMis),  The 
coal-seams  are  few  and  commonly  too  thin  to  be  workable,  though  one  of  them,  known  as 
the  Houston  coal,  has  been  mmcd  to  some  extent  in  Linlithgowshire.  The  fossils  of  the 
Cement-stone  sub-group  indicate  an  alternation  of  fresh  or  brackish  water  and  marme 
conditions.  They  include  numerous  plants,  of  which  the  most  abundant  are  Sphenopteris 
afinU  (Fig.  345),  Lepidodendron  (two  or  three  species),  LepidoslrdbuB  variabilis  (Fig. 
3l8y  h%  AraucarioxyloH.  Ostracod  crustaceans,  chiefly  the  Leperdiiia  above  mentioned, 
crowd  many  of  the  shales.  With  these  are  usually  associated  abundant  traces  of  the 
presence  of  fish,  either  in  the  form  of  coprolites,  or  of  scales,  bones,  plates,  and  teeth. 
The  following  are  characteristic  species :  ElanicJUhys  siriolatvfi,  E.  lidbisoni,  Hhadinich- 
Ays  omaUmmus^  Ntmatoptychiue  Greenodcii,  Eurynotus  crenatus  (Fig.  344),  JRhizoduM 
Hibbertif  MegaliehUiys  sp.,  Gyracanthm  tubereulatusy  Ctenoptychius  pectinatus.  At 
iuterrals  throughout  the  group,  marine  horizons  occur,  usually  as  shale  bands  marked 
by  the  pretence  of  such  distinctively  Carboniferous  Limestone  species  as  Spirorbis 
earhonariw,  Diicina  nitida,  Lingtda  »quamiformi9,  Bellerophon  deouasatus,  and 
Orihocercu  cylindraceum,^ 

The  Cement-stone  sub-group  of  the  basin  of  the  Firth  of  Forth  contains  a  great  number 
and  variety  of  associated  volcanic  masses.  At  the  time  when  it  was  accumulating,  the 
zegion  of  shallow  lagoons,  islets,  and  coal-growths  was  dotted  over  with  innumerable 
snail  active  volcanic  vents.  The  eruptions  continued  into  the  time  of  the  Carboniferous 
Limestone,  but  ceased  before  the  depobition  of  the  Millstone  Grit  The  lavas  are 
chiefly  varieties  of  basalt-rocks  and  diabases,  sometimes  coarH.*ly  crystalline  and  even 
granitoid  in  texture,  and  graduating  through  intermediate  stages  into  true  close-grained 
compact  basalts,  which  neither  externally  nor  in  microscopic  structure  differ  from 
tboee  of  Tertiary  date.  Among  them  also  are  felsitcs  and  porphyrites.  The  tuffs  pre- 
sent many  varieties,  one  of  the  most  interesting  being  an  ancient  form  of  palagonitc-tuff.' 

The  Carboniferous  Limestone  scries  of  Scottish  geologists,  probably 
representing  the  upper  pai-t  of  the  Carboniferous  Limestone  series  or  Yorcdale  group  of 
England,  consists  mainly  of  sandstones,  shales,  fire-clays,  and  coal-seams,  with  a  few 
comparatively  thin  seams  of  encrinal  limestone.  The  thickest  of  these  limestones,  known 
•s  the  Hurlet  or  Main  limestone,  is  usually  about  G  feet  in  thickness,  but  in  the  north 
of  Ayrshire  swells  out  to  100  feet,  which  is  the  most  massive  bed  of  limestone  in  any 
part  of  the  8cottis]i  Carboniferous  system.  One  of  a  group  of  limestone  beds  at  tlie  base 
of  the  series,  it  lies  upon  a  seam  of  coal,  and  is  in  some  places  associated  with  pyritous 
shales,  which  have  been  largely  worked  as  a  source  of  alum.  This  superposition  of  a 
bed  of  marine  limestone  on  a  seam  of  coal  is  of  frequent  occurrence  in  Scotland.  Above 
these  lower  limestones  comes  a  thick  mass  of  strata  containing  many  valuable  coal-seams 
and  ironstones  (Lower  or  Edge  Coals).  Some  of  these  strata  are  full  of  terrestrial  plants 
^Lepidodendron,  Sigillaria,  Stigniaria,  SphenopUrif,  Akthojtteris);  others,  particularly 
the  ironstones,  and  the  shales  associated  with  the  limestones  and  ironstones,  contain 
ouuine  shells,  such  as  Lingula,  Diecina,  Leda^  Myalina,  Euomphalus,  Numerous  re- 
mains of  fishes  have  been  obtained,  more  efipecially  from  some  of  tho  ironstones  and 
coals  {Oyraeanthtu  formo$u8  and  other  placoid  fin-spines,  Megalichthys  Hibberti,  Bhizodua 
HUtberti^  with  species  of  EUmichUtySf  Acanthode$,  Ct^noptychius,  &c.).  Remains  of 
labyrinthodonts  have  also  been  found  in  this  group  of  strata,  and  have  been  detected 


*  For  descriptions  of  the  Calclferous  Sandstone  group,  see  Maclaren,  *  Geology  of 
Fife  and  the  Lothians ;'  also  the  explanations  to  accompany  the  Maps  of  the  Geological 
Bnrrey  of  Scotland,  particular! v  those  on  Slicets  14,  22,  23,  32,  33,  and  34.  T^ 
Brown,  Tram, Roy.Soc. Edin, xxiu  (1861), p.  385  ;  Kirkby,  Q.  Qeol  the,  xxxri.  p.  r)59* 

'  See  Trans,  Boy.  Soc,  Edin*  xxix.  p.  437,  and  ante,  p.  547,  it  tuq, 
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even  down  in  tbo  Burdie  House  limestone.  The  highest  dirision  of  the  BoottiBh 
CarboniferoDs  Limestone  series  consists  of  a  group  of  sandstones  and  shales,  with  t 
few  coal-seams,  and  three,  sometimes  more,  bands  of  marine  limestona  Althoni^ 
these  limestones  are  each  only  about  2  or  8  feet  thick,  they  have  a  wonderfiil  penii- 
tence  throughout  the  coal-fields  of  central  Scotland.  As  already  mentioned  (p.  479), 
they  can  be  traced  over  an  area  of  at  least  1000  square  miles,  and  they  piobaUy 
extended  originally  oyer  a  considerably  greater  region.  The  Hurlet  limestone,  with  ite 
underlying  coal,  can  also  be  followed  across  a  similar  extent  of  country.  Henoe  it  is 
evident  that,  during  certain  epochs  of  the  Garlxmiferous  period,  a  singular  nnifioRBi^ 
of  conditions  prevailed  over  a  large  region  of  deposit  in  the  centre  of  Sootlaiid. 

The  difference  between  the  litbological  characters  of  the  Garboniferoiu  Iiimcstone 
series,  in  its  typical  development,  as  a  great  marine  formation,  and  in  its  azenaoeovs 
and  argillaceous  prolongation  into  the  north  of  England  and  Scotland,  has  long  been  a 
familiar  example  of  the  nature  nud  application  of  the  evidence  furnished  by  strata  ts 
to  former  geographical  conditions.  It  shows  that  the  deeper  and  dearer  water  of  ths 
Carboniferous*  sea  spread  over  the  site  of  Yorkshire,  Derbyshire,  and  Lancashire;  that 
the  land  lay  to  the  north,  and  that,  while  tbe  whole  area  was  undergoing  snbsideDce, 
the  maximum  movement  took  place  over  the  urea  of  deeper  water.  The  sediment 
derived  from  the  north,  during  the  time  of  the  Carboniferous  Limestone,  seems  to  have 
sunk  to  tbo  bottom  before  it  could  reach  the  great  basin  in  which  foraminifers,  corals, 
crinoids,  and  mollnsks  were  building  up  the  thick  calcareous  deposit  Yet  tlie  thin 
limestone  bands,  which  run  so  persistently  among  the  Lower  Carboniferous  rocks  in 
Scotland,  prove  that  there  were  occasional  episodes  during  which  the  aediment  ceased 
to  arrive,  and  when  the  same  species  of  shells,  corals,  and  crinoids  spread  nortiiwaids 
towards  the  land,  forming  for  a  time,  over  the  sea-bottom,  a  continuous  sheet  of  caloareons 
ooze,  like  that  of  the  deeper  water  further  south.  These  intervals  of  limestone-growth 
no  doubt  point  to  times  of  more  rapid  submergence,  perhaps  also  to  other  geographiosl 
changes,  whereby  the  sediment  was  for  a  time  prevented  from  spreading  so  far. 

Viewed  as  a  whole,  therefore,  the  Carboniferous  Limestone  series  of  the  northern 
part  of  the  British  area  contains  tlie  records  of  a  long-continued  but  inteimitlent 
process  of  subsidence.  The  numerous  coal-scams,  with  their  under-days,  were  un- 
doubtedly surfaces  of  vegetation  that  grew  in  luxuriance  on  the  wide  marine  mod-flat^ 
They  mark  pauses  in  the  subsidence.  Perhaps  we  may  infer  the  relative  length  of  tiMW 
pauses  from  the  comparative  thicknesses  of  the  coal-scams.  The  overlying  and  iDte^ 
vening  sandstones  and  shales  indicate  a  renewal  of  the  downward  movement,  and  the 
gradual  infilling  of  the  depressed  area  with  sediment,  until  the  water  onoe  mon 
shoaled,  and  the  vegetation  from  adjacent  swamps  spread  over  the  muddy  flats  si 
before.  The  occasional  limestones  serve  to  mark  epochs  of  more  prolonged  or  mon 
rapid  subsidence,  when  marine  life  was  enabled  to  flourish  over  the  site  of  the  solh 
merged  forests.  But  that  the  sea,  even  though  tenanted  in  these  northern  parts  hj  s 
limestone-making  fauna,  was  not  so  clear  and  wdl  suited  for  the  developnent  of  aoimsl 
life  during  some  of  these  submergences  as  it  was  further  south,  seems  to  be  proved  by 
the  paucity  and  dwarfed  forms  of  the  fossils  in  the  thin  limestones,  as  well  as  by  tlie 
admixture  of  clay  in  the  stone. 

Ireland  presents  a  development  of  Carboniferous  rodcs,  which  on  the  whole 
follows  tolerably  closely  that  of  the  sister  island.  In  the  northern  counties,  the  lomit 
members  are  evidently  a  prolongation  of  the  type  of  the  Scottish  Calciferous  Ssad- 
btones.  In  the  southern  districts,  however,  a  very  distinct  and  peculiar  fiicies  of  Lover 
Carboniferous  rocks  is  to  be  remarked.  Between  tlie  Old  Red  Sandstone  and  tbe 
Carboniferous  Limestone  there  occurs  in  the  county  of  Cork  an  enormous  mass  (folly 
5000  feet)  of  black  and  dark-grey  shales,  impure  limestones,  and  grey  and  green  gD% 
which  have  been  so  affected  by  slaty  cleavage  as  to  have  assumed  more  or  lees  perfeetly 
the  structure  of  true  cleaved  slates.  To  these  rocks  the  name  of  Carboniferous  Slate 
was  given  by  Qriffith.  They  contain  numerous  Carboniferous  Limestone  speciei  of 
biBchiopods,  echinodermB,  &e.,  a^  ^01  ^  Vtw»M^  ^  \(SL^-^\a:\!Aa  in  the  grit  biodi. 
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Groat  tiioagh  their  thickness  is  in  Cork,  they  rapidly  change  their  lithological 
ohancter,  and  diminish  in  mass  as  they  are  traced  away  from  that  district.  In  the 
almost  incredibly  short  space  of  15  miles,  the  whole  of  the  5000  feet  of  Carboniferous 
Slate  of  Bantry  Bay  seems  to  have  disappeared,  and  at  Kenmaro  the  Old  Bed  Sand- 
stone is  followed  immediately  and  conformably  by  the  Limestone  with  its  underlying 
shale.  This  rapid  change  is  probably  to  be  explained,  as  Jukes  suggested,  by  a  lateral 
passage  of  the  shite  into  limestone ;  the  Carboniferous  Slate  being,  in  part  at  least, 
the  equiyalent  of  tlie  Carboniferous  Limestone.  Between  Bandon  and  Cork  .tho 
OaibonifiBiOQs  Slate  is  conformably  overlaid  by  dork  shales  containing  Coal-measure- 
fossils,  and  believed  to  be  true  Coal-measures.  Hence  in  the  south  of  Ireland,  the  thick 
oaloaieoas  aooumulations  of  the  limestone  series  appear  to  be  replaced  by  a  correspond- 
ing depth  of  aigillaoeous  sedimentary  rocks.  ^ 

The  Carboniferous  Limestone  swells  out  to  a  vast  thickness,  and  covers  a  large  part 
of  Irelaad.  It  attains  a  maximum  in  the  west  and  south-west,  where,  according  to 
ICr.  Kinahan,*  it  consists  in  Limerick  of  the  following  subdivisions : — 

Feet. 
Bedded  limestone    .....       240 


Upper  (Bnrren)  Limestone 
Upper  (Calp)  Limestone 

Lower  Limestone  . 
Lower  Limestone  Shales. 


•\Cherty  zone  . 

Limestones  and  shales 
'  \Cherty  zone  • 

'Fitneitella  limestone 
.<  Lower  cherty  zone . 

^Lower  shaly  limestones 


20 

1000 

40 

1900 

20 

280 

100 

8600 


The  chert  (phtantite)  bands  which  form  such  marked  horizons  among  these  lime- 
stobes  are  counterparts  of  others  found  abundantly  in  the  Carboniferous  Limestone  of 
England  and  Scotland.  They  have  been  recently  studied  by  Messrs.  Hull  and  Hard- 
man,  who  have  found  them  full  of  siliceous  replacements  of  calcareous  foraminifers, 
orinoids,  &c,  and  who  regard  them  as  due  to  a  chemical  alteration  on  the  floor  of  the 
Carboniferous  sea.  Portions  of  the  limestone  have  a  dolomitio  character,  and  sometimes 
aro  oolitic.  Great  sheets  of  melaphyre,  felstone,  and  tuff,  representing  volcanic  erup- 
tions of  contemporaneous  date,  aro  interpolated  in  the  Carboniferous  Limestone  of 
Limerick  and  other  parts  of  Ireland.  As  the  limestone  is  traced  northwards,  it  shows 
a  similar  change  to  tliat  which  takes  place  in  tho  north  of  England,  becoming  more  and 
more  split  up  with  sandstone,  shale,  and  coal-seams,  until,  at  Ballycastle,  it  presents 
exactly  the  characters  of  the  coal-bearing  part  of  the  formation  in  Scotland.' 

2.  MilUtone  OriL—ThiB  name  is  given  to  a  group  of  sandstones  and  grits,  with  shales 
and  clays,  which  runs  persistently  through  tho  centre  of  the  Carboniferous  system  from 
South  Wales  into  tho  middle  of  Scotland.  In  South  Wales,  it  has  a  depth  of  400  to 
1000  feet ;  in  the  Bristol  coal-field,  of  about  1200  feet.  Traced  northwards  it  is  found 
to  be  intercalated  with  shales,  fire-clays,  and  thin  coals,  and,  like  the  lower  members  of 
the  Carboniferous  system,  to  swell  out  to  enormous  dimensions  in  the  Pennine  region. 
In  North  Staffordshire,  according  to  Mr.  Hull,  it  attains  a  thickness  of  4000  feet,  which 
in  Lancashire  increases  to  5500  feet.  These  massive  accumulations  of  sediment  were 
depofiited  on  the  north  side  of  a  barrier  of  moro  ancient  Palieozoic  rocks,  which,  during 
all  tho  earlier  part  of  the  Carboniferous  period,  seems  to  have  extended  across  central 
England,  and  whicli  was  not  submerged  imtil  part  of  tho  Coal-measures  had  been  laid 
down.  North  of  the  area  of  ?«iiTfmnin  deposit,  the  Millstone  Grit  thins  away  to  not  more 
than  400  or  500  feet.  It  continues  a  comparatively  insignificant  formation  in  Scotland, 
attaining  its  greates$t  thickness  in  Lanarkshire  and  Stirlingshire,  where  it  is  known  as 

«  J.  B.  Jukes,  Memoirs  GeoL  Survey,  Ireland.    Explanation  of  Sheets  194,  201,  nm^ 
202,  p.  18 ;  Explanation  of  Sheets  187, 195,  and  196,  p.  85. 
«  '  Geology  of  Ireland,;  p.  72. 
>  Hull's  *  Physical  Geology  and  Geography  of  Ireland,*  p.  ^« 
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the  *'  Moor  Rock."    In  Ayrshire  it  docs  not  exist,  unless  its  plaoe  be  repreBented  bj  t 
few  beds  of  sandstone  at  the  base  of  the  Coal-meosares. 

The  Millstone  Grit  is  generally  barren  of  fossils.  When  they  oecar,  tbej  are  eiUier 
plants,  like  those  in  the  coal-bearing  strata  above  and  below,  or  marine  orga^^ismfl  of 
Carboniferous  Limestone  species.  In  Lancashire  and  South  Yorkshire,  indeed,  it  eon- 
tains  a  band  of  fossiliferous  calcareous  shale  undistmguisbable  &om  some  of  tboee  in 
the  Yoredale  group  and  Scaur  limestone. 

3.  Coal-Measures, — This  division  of  the  Carboniferous  system  oonsista  of  nimieroiii 
alternations  of  grey,  white,  yellow,  sometimes  reddish,  sandstone,  dark-grey  and  hhtk 
shales,  clay-ironstones,  fire-clays,  and  coal-seams.    In  South  Wales  it  attains  a  maxirnim 
depth  of  about  12,000  feet  ,*  in  the  Bristol  coal-field  it  is  about  6000  feet;    Bat  in  tlMie 
districtd,  as  in  the  rest  of  the  Carboniferous  areas  of  Britain,  wo  cannot  be  sore  that  all 
the  Coal-measures  originally  deposited  now  remain,  for  they  are  always  nneonfomiaUy 
covered  by  later  formations.    PalaM>ntological  considerations,  to  be  immediately  ad- 
verted to,  render  it  probable  that  the  closing  part  of  the  Carboniferous  period  ii  not 
now  represented  in  Britain  by  fossiliferous  strata.    Whether  or  not  it  ever  was  to 
represented  cannot  be  determined,  owing  to  the  denudation  which  occurred  liefore  the 
deposition  of  the  overlying  Permian  rooks.    Bo  great  indeed  was  the  erosion,  that  the 
Permian  sandstones  are  sometimes  found  resting  even  on  the  Carboniferous  LimestoDe. 
In  north  Staffordshire,  the  depth  of  Coal-monsurcs  is  about  5000  feet,  which  in  spath 
Lancashire  increases  to  8000.    These  great  masses  of  strata  diminish  as  we  trace  them 
eastwards  and  nortliwards.   In  Derbyshire,  they  ^re  about  2500  feet  thick,  in  Northuslbe^ 
laud  and  Durham  about  2000  feet,  and  about  tlie  same  thickness  on  the  west  side  of  the 
island  in  the  Wliitehaven  coal-field.   In  Scotland,  they  attain  a  maximum  of  over  2000  ISeet 

Tlio  Coal-measures  are  susceptible  of  local  subdivisions  indicative  of  different  and 
variable  conditions  of  deposit.   The  following  tables  show  the  more  important  of  these  :— 


OLAMORGANSniRE. 

Feet. 

upper  series :  sand- 
stones, shales,  &c., 
with  26  coal-seams, 
more  than      .      .     3400 

Pennant  Grit:  hard, 
thick-bedded  sand- 
stones, and  15  coal- 
seams        .      .      .     3246 

jA)wer  series :  shales, 
ironstones,  and  34 
coal-seams     .  450  to  850 


I^IiUstone  Grit. 


South  LAxcisiiiRE. 

Feet. 

Upper  series:  shales, 
red  sandstones,  Spir- 
orbis  limestone,  iron- 
stone and  thin  coal 
seams     .     1600  to  2000 

Middle  series:  sand- 
stones, shales,  clays, 
and  thick  coal-seams. 
The  chief  repository 
of  coal    .     3000  to  4000 

I^wer  or  Gannister 
series :  flagstones, 
bhales,  and  thin  coals 

1400  to  2000 


Central  Scotland. 

Feci 
Upper  red  sandstones 
and  clays,  with  Spir- 
orbis  limestone;  in 
Fife  upwards  of.  .900 
True  Coal-measures : 
sandstones,  shales, 
fire  -  clays,  with 
bands  of  black-band 
ironstone,  and  nu- 
merous seams  of 
coal.  Thickness  in 
Lanarkshire  up- 
wards of    .      .       2000 

Moor  Rock,  or  Millstime 
Grit. 


Millstone  Grit. 

The  numerous  beds  of  compressed  vegetation  form  the  most  remarkable  fcatoxe  of 
the  Coal-measures.  As  already  stated,  each  coal-scam  is  usually  underlain  by  a  sesiD 
of  fire-clay  {mur  of  the  Belgian  coal-fields),  which,  traversed  in  all  directions  by  rootlelBi 
and  free  or  nearly  free  of  alkalies  and  iron,  ia  the  soil  on  which  the  plants  that  fanned 
the  coal  grew.  A  coal-seam  accordingly  marks  a  former  surface  of  terrestrial  vegetatioOi 
and  the  fissile  mioacoous  sandstones  that  overlie  it  show  the  naturo  of  the  sediment 
under  which  it  was  eventually  buried. 

The  Coal-measures  of  Britain  have  not  yet  been  very  precisely  subdivided  infc* 
])alaK)ntological  zones.  The  lower  portions  or  Gannister  beds  of  Lancashire  contsiB 
at  least  70  species  of  undoubtedly  marine  fossils  (Goni(UUe$  Li$teri^  six  speeies  of 
NautiluSj  Ajnculopecten  papijraceiu,  Lingula  $quamiformi$,  &0.),  together  with  saek 
shells  as  Anlhraama,  probably  indicating  brackish  water.  The  middle  and  upper 
divisions  are  characterised  by  the  prevalence  of  species  of  ^nti^raeofta,  An&nnevflfrt^} 
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and  Awlhraoomya,  Somo  of  tho  more  oharactoristlc  fishes  arc  Strepsodw  MLurmde* 
(Fig.  353),  BhizodopttU  aauroides,  Megalichthys  Hibberti^  Cheirodm  granulosus  (Fig.  353), 
JanoMta  Unguiformis,  Ctenaeanthus  hyhodoides  (Fig.  342),  rieuraeanthus  htvissimus, 
denoptychiui  apicdlU,  Some  species  range  from  bottom  to  top  of  the  Coal-measures— 
e.g.  CUnoptyehius  peotinatus  and  Gyracanthus  tuherculatus.^ 

On  the  Continent  of  Europe  the  Carboniferous  system  ocoupics  many  detached  areas 
or  basins — the  result  partly  of  original  deposition,  partly  of  denudation,  and  partly  of 
the  spread  and  overlap  of  more  recent  formations.  There  can  be  no  doubt  that  the 
English  Carboniferous  Limestone  once  extended  continuously  eastward  across  the  north 
<^  France,  along  the  base  of  the  Ardennes,  through  Belgium,  and  across  tho  present 
Tftlley  of  the  Bhine  into  Westphalia.  From  the  western  headlands  of  Ireland  this 
coleoreous  formation  can  thus  be  traced  eastward  for  a  disttmce  of  750  English  miles 
into  the  heart  of  Europe.  It  then  bcgms  to  pass  into  a  scries  of  shales  and  sandstones, 
whiob,  as  already  remarked,  represent  proximity  to  shore,  like  the  similar  strata  in  the 
north  of  England  and  Scotland.  In  Silesia,  and  still  much  &rther  eastwards,  in  central 
and  southern  Bussia,  representatives  of  the  Carboniferous  Limestone  appear,  but  mtcr- 
stratifled,  as  in  Scotland,  with  coal-bearing  strata.  Traces  of  the  same  blending  of 
marine  and  terrestrial  conditions  are  found  also  in  the  north  of  Spain.  But  over  central 
Fiance,  and  eastwards  through  Bohemia  and  Moravia  into  the  region  of  the  Car- 
pathians, the  Coal-measures  rest  directly  upon  older  Polioozoic  groups,  most  commonly 
upon  gneiss  and  other  crystalline  rooks.  These  tracts  had  no  doubt  remained  above 
water  during  the  time  of  the  Carboniferous  Limestone,  but  were  gradually  depressed 
daring  that  of  the  Coal-measures. 

France  and  Belgium. — In  Belgium  and  the  north  of  France  tho  British  type  of 
tho  Carboniferous  system  is  well  develop'ed.'   It  comprises  the  following  subdivisions : — 

'Zone  of  the  gas-coals  (^Chathons  a  gaz^  rich  bituminous  coals,  with  28  to  40 
per  cent,  of  volatile  matter^  coutaiiUDg  47  seams  of  coal.  Pccoptcris  nervosa^ 
P.  dentfttaj  P,  ablireviata,  Aleihopteris  Serlii,  Ncwoptcris  hetcrophyliay  SpfufnO' 
ptcria  irregularis^  S.  macUcnta,  8.  coralloides^  S.  herUtcca^  8.  fnrcata,  Caiamites 
Suckuwii,  Annuiaria  radiata,  Sphcnopfojllum  erosniii,  Sigitliwiit  tcsst'Uata^  8, 
wwmiV/tirw,  K  riinosa,  8,  laticost<i^  Dorycordaites. 

Zone  of  the  "Charbons  gras"  (18  to  28  per  cent,  volatile  matter),  soft  caking 
coals  (21  seams),  well  suited  for  making  coke.  Sphatoptcris  nummularidy  8, 
iiutcilenttt,  8.  champhyUvideSy  8.  artemisifolia,  8.  fu^rlaceaj  8,  irregularis,  Neuro- 
ptcris  gigantea,  Alethoptcris  SerlU^  A.  validay  Odamites  8uckou:ii,  Sphenophyllnm 
anftrginaium,  8igillaria  jfotyplvatf  8.  -rimosa,  8.  laticosta,  I'rigonocarjjon  Ni£- 
gerathii. 

Zone  of  the  "Charbons  denii-gras**  (12  to  18  yer  cent,  volatile  matter),  29 


0 

c 

e: 


I 

I 
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2  {  seams  of  coal,  chiefly  fitted  for  smithy  and  iron-work  pur|M)se8.  8phcnopUiris 
'•  ctmrcxifuliay  8,  Haminghansi,  8.  irichotnanoides,  8.  fnrcata,  8.  Schillingsiif  8, 
■^  irregularity  Ltmchopteris  nujosa,  Calamites  8uckoiriif  Annuiaria  radiata,  *%t/- 
laria  mamillarisy  8,  elegans^  8.  piriformis,  8.  elliptica,  8,  scutellata,  8,  G rooter i. 


8.  IcBcigata^  8.  riujosa,  llalonia  tortuosa. 
Zone  of  the  **  Charbons  maigres."  Lean  or  jwor  coals  (20  to  25  seams),  only 
fit  for  mnkiug  bricks  or  burning  lime  (9  to  12  per  cent,  volatile  matter). 
Pecttpteris  Loshii,  P.  pennaformis,  Ncuropteris  Jieterojthylla,  AlethopUris  Ion- 
chitica,  8phenophyllum  saxifraga folium,  Anmdaria  radiata,  8igUlaria  conferta, 
8.  Candulli,  5.  Voltxii^  Calamites  Suckoicii,  Lepidudendron  rhodeanum,  L,  pus- 
ttdatum,  Lepidophloios  laricimis. 
I  Zone  of  Productus  carbonarius.  Goniaiites  diadema,  G,  atratns,  8pirifera  mesa-- 
I  gtmia,  8.  glabra,  8,  trigonalis,  Strepiorhynchus  a-cnistria,  Produeius  scmireti- 
\     atlatas,  P.  marginalis,  Avicula  papyracea,  Schizodus  sulcatus, 

g  .  (sandstones  or  quartzites  passing  into  conglomerates,  separated  from  the  Carbon!- 
"*  "S  <  ferous  limestone  below  by  carbonaceous  shales  with  some  thin  coal-seams ; 
5  ^  I     chiefly  «levi»lopo<l  towainls  the  north-cast  (Lifege,  Aix-la-ChaiK>lIe). 

»  My  friend  Dr.  Traquair  has  been  kind  enough  to  funiish  me  witli  information  on 
thiJt  subject,  which  he  has  so  carefully  studied. 

«  Goflwlet^s  'Esauisse,'  Mourlon*s  *G^logie.'    Boulay,  *  Trrrnin  Hcmiller  du  Nwv\ 
de  la  France  et  ses  Yege'laux  fossil of>,'  Lille,  ISIO. 
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Limestone  of  Visd.  Often  poor  in  fossils,  distin- 
guished by  Producius  gigant^us     . 

Limestone  of  Limont  (Napoleon  marble  of  Bou- 
lonnais).  Fossils  numerous :  Productui  undatus, 
P,  semireikulatus^  Spirifcra  glabra,  S,  dupUci' 
costa,  EJiynchonella  plewodon,  Terebrabda  mc^ 
cuhis         ....... 

Limestone  of  Haut  Banc,  compact  or  oolitic  in 
south  part  of  Sambre  basin,  with  Productus 
stiblxvis ;  but  in  north  i>art  of  that  basin,  as 
well  as  on  the  Meuse  and  in  the  Boulonnais, 
Producttis  cora  replaces  P.  sublxvis        .  , 

Dolomite  of  Namur,  well  developed  between 
Namur  and  Lifege,  and  extending  into  the  Bou- 
lonnais  (Hure  dolomite),  alternating  with  grey 
limestone,  containing  Chonetes  comoides  , 

Limestone  of  Bachant,  grey,  bluish-black,  or 
black,  with  cherts  (phtanites).  Productus 
cora  (and  sometimes  P.  gigantcus\  Spirifera 
tricomiSf  DentaUum  priscum,  Euomphalus  cir- 
roides,  Nautihts  sukatitSy  Orthoceras  mnnsteri" 
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Limestone  of  Waulsort,  grey,  often  dolomitic; 
only  seen  in  area  of  the  Meuse.  Spirifera 
cuspidataj  Conocardium  nliforme   , 

Limestone  of  Anseremme,  grey  and  blue-veined 
limestone  and  dolomite.  Productus  semireticu- 
latnSf  Spirifcra  mosqticnsiSf  S.  cuspidata,  Orthis 
rcsupinata  ...... 

Limestone  of  Diuant,  only  found  in  the  Meuse 
area.  Productus  scinircticulatus,  P.  Flemirujii, 
Pecten  intermedins      ..... 

Limestone  of  Kcaussines  ("  j»etit  granite  "),  cri- 
noidal  limestone.  PhiUipsia  gcmmuiifera,  Pro- 
ductus semireticuiatuSf  Spirifcra  inosqwnsiaj 
Sireptorhynchus  creiiistria^  Orthis  Michclini, 
StropliOinena  rhomboidalis     .... 

Limestones  and  shales  of  Avesnelles,  black  lime- 
stone (16  metres),  resting  upon  argillaceous 
shales  (40  metres).  Among  the  numerous 
fossils  of  the  limestone  are  Productus  Flcmimjiiy 
P,  Jl^rtif  Chonetes  variolaris,  Hhynchonelia 
pieurodont  Spirifera  mosquensisj  Euoinphalus 
opudiSj  Pecten  Sowcrbyi       .... 
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The  base  of  these  strata  passes  down  conformably  into  the  DeYonian  Bystem,  irith 
which,  alike  by  palaM)ntological  and  petrogmphical  characters,  it  is  closely  linked. 
The  Oarboniferoua  rocks  of  the  north  of  France  and  of  Belgium  have  undeigonB 
considerable  disturbance.  A  remarkable  fault  ("  la  gnindo  faille  "  of  this  region]  Mott" 
ing  from  the  rupture  of  an  isoclinal  syncline,  and  the  consequent  sliding  of  the  inTertfld 
side  over  higher  beds,  runs  from  near  Liege  westwards  into  the  Boulonnais,  irith  » 
general  but  variable  hade  towards  the  south.  On  its  southern  side  lie  the  lo««r 
Devonian  beds,  below  which  the  Carboniferous  Limestone,  and  even  Coal-measmw  •!« 
made  to  plunge.  Bores  and  pits  near  Liege  at  the  one  end,  and  in  the  Boulonnais*  •* 
the  other,  have  reached  workable  coal,  after  piercing  the  inverted  Devonian  lookk   W 

"  For  an  account  of  the  Boulonnais,  see  God  win- Austen,  Q.  /.  Geol,  8oe,iz.v-23l; 
XII.  p.  38 ;  Barrois,  Proc.  Geol  A8$oc.  vi.  No.  1. 
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eo^tinuing  the  boring  the  aame  coals  are  found  at  lower  levels  in  their  normal  positions. 
Besides  this  dominant  dislocation  many  minor  faults  and  plications  have  taken  place  in 
the  Oarboniferous  area,  some  of  the  coal-seams  being  folded  zig-zag,  so  that  at  Mons  a 
bed  may  be  perforated  six  times  in  succession  by  the  same  vertical  shaft,  in  a  depth  of 
350  yards.  At  Gharleroi  a  series  of  strata,  which  in  their  original  horizontal  position 
occupied  a  breadth  of  8}  miles,  have  been  compressed  into  rather  less  than  half  that 
space  by  being  plicated  into  twenty-two  zig-zag  folds. 

Southwards  the  plateau  of  crystalline  rocks  in  Central  France  is  dotted  with  nume- 
xoaa  small  Carboniferous  basins  which  contain  only  portions  of  the  Goal-measures.  It 
would  appear,  however,  that  some  of  the  surrounding  slates  are  altered  representatives  of 
the  lower  parts  of  this  system,  for  undoubted  Carboniferous  limestone  fossils  have  been 
fbund  in  them  between  Roanne  and  Lyons,  and  near  Vichy.  ^  Even  as  far  south  as 
Montpellier,  beds  of  limestone  full  of  Productus  giganteua  and  other  characteristic  fossils 
sze  oovered  by  a  series  of  workable  coals.  The  Carboniferous  limestone  is  well  developed 
westward  in  the  Cantabrian  mountains  in  the  north  of  Spain,  where  it  likewise  is  sur- 
mounted by  coal-bearing  strata.  Grand'Eury,  from  a  consideration  of  the  fossils,  regards 
the  ooal-basinsof  the  Eoannais,  and  lower  part  of  the  basin  of  the  Loire,  as  belonging  to 
the  age  of  the  *'  culm  and  upper  greywacke,"  or  of  strata  immediately  underlying  the  true 
Ooal-measures.  But  the  numerous  isolated  coal-basins  of  the  centre  and  south  of  France 
he  refers  to  a  much  later  age.  He  regards  these  as  containing  the  most  complete  deve- 
lopment of  the  upper  coal,  properly  so-called,  enclosing  a  remarkably  rich,  and  still  little- 
known,  flora,  which  serves  to  fill  up  the  palieontological  gap  between  the  Carboniferous 
and  Permian  periods.*  Some  of  these  small  isolated  coal  basins  are  remarkable  for  the 
extraordinary  thickness  of  their  ooal-seams.  Li  the  most  important  of  their  number, 
that  of  Sk  Etienne,  from  15  to  18  beds  of  coal  occur,  with  a  united  thickness  of  112  feet, 
in  a.  total  depth  of  2500  feet  of  strata.  In  this  basin  near  Chalons  and  Autun  the  main 
eoal  averages  40,  but  occasionally  swells  out  to  130  feet,  and  the  Coal-measures  are 
covered,  apparently  .conformably,  by  the  Permian  rocks,  from  which  so  remarkable  a 
series  of  saurian  remains  has  been  obtained. 

Qermany.' — Tracing  the  extension  of  the  Carboniferous  system,  wo  find  the  upper 
or  Goal-measure  portion  extending  in  detached  basins  uorth-eastwards  from  Central 
France  into  Germany.  One  of  the  most  important  of  these,  the  bnsin  of  Pfalz- 
Saarbriicken,  lying  unconformably  on  Devonian  rocks,  contains  a  mass  of  Coal-measures 
believed  to  reach  a  maximum  thickness  of  not  less  than  20,000  feet,  and  divided  into 
two  groups : — 

2.  Upper  or  Ottweiler  beds,  from  6500  to  11,700  feet  thick,  consisting  of  red  sand- 
stones at  the  top,  aod  of  sandstonas  and  shales,  containing  20  feet  of  coal  in 
various  seams.  Pecopterii  arborcsoms^  Odontopteris  obtusa^  ArUhracosUif  Esthcria, 
Leaidf  iUh  remains. 

1.  Lower  or  main  coal-bearing  (Saarbriicken)  beds,  5200  to  9000  feet  thick,  with 
82  workable  and  142  unworkable  coal-seams,  or  in  all  between  350  and  400 
feet  of  coal.  Abundant  plants  of  the  middle  and  lower  zone  of  the  upper  coal 
fiora. 

Among  the  small  coal-fields  of  Germany  are  those  of  Ibbenbiiren  and  Presberg, 
Bslle»  Harz,  and  Thuringer  Wald.  That  of  Zwickaa,  in  Saxony,  contains  about 
1700  feet  of  strata  with  12  chief  scams  of  coal,  one  of  which  (Russkohle)  is  sometimes 
^  ibet  thick. 

Alps.— The  Carboniferous  strata  of  the  Alps  have  been  already  (p.  572)  referred  to 
in  connection  with  the  metamorphism  of  that  region.  Li  the  western  part  of  the  chain 
flify  occur  embedded  in  or  associated  with  a  great  series  of  reddish  sandstones,  and 
eoi4^omeratc8  and  red-greenish  shales  or  slates,  which  occasionally  become  quite  crys- 

•^  Minehisoo,  Q.  /.  CM.  8oe,  vii.  (1851)  p.  13 ;  Julien,  Gompt^s  BenduSf  Ixxviii.  p.  74. 

■  Grand'Eury,  •  Flore  Carboniftre.* 

*  GeinitSi'Die  Steinkohlen  Deutschlands,*  Munich,  18C5. 
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talliDe,  and  cannot  indeed  be  Batis&ctorily  separated  from  what  have  been  r^^uded  m 
the  primitive  schists  of  the  mountains.  To  these  strata  the  name  of*  Yermcano  **  has  been 
given.  Tliat  they  are  portly,  at  least,  of  Garboniferons  age  is  shown  by  the  charao- 
tcrlBtio  flora,  amounting  to  upwards  of  GO  species,  which  the  dark  carbcmaoeoiis  bands 
])ave  yielded. 

Eastern  Europe.— In  Moravia,  Silesia,  Poland,  and  Russia,  the  CSarboniferooB  Lime- 
stone reappears  as  the  base  of  the  Carboniferous  system,  but  not  in  the  massive  caleareoiu 
development  which  it  presents  in  Belgium  and  England.  One  of  its  most  eharaefceristie 
phases  is  that  to  which  the  name  **  Culm  "  (applied  originally  to  the  inferior  slaty  eoal 
of  Devonshire)  has  been  given,  when  it  becomes  a  series  of  shale8,«aid8toiiei^gieywsekM, 
and  conglomerates,  in  which  the  abundant  fauna  of  the  limestone  is  rednoed  to  a  few 
moUusks  (ProductuB  antiquuM,  F,  lati$9imu$,  P,  iemiretieulatus,  PoHdonamjfa  Beekeri, 
GoniatiieB  spharicuB,  Orihoeeras  striatulumy  &c,).  The  PoMon/omifa  partioidarlj 
characterises  certain  dark  shales  known  as  **  Posidonia  schists."  About  50  species  of 
plants  have  been  obtained  from  the  Culm,  typical  species  being  Culamifoi  trantiHoKU^ 
Lepidodendron  veltheimianumt  Stigmaria  ficoideiy  Sphenopterii  dittang,  OyelopierU 
ienuifolia.  This  flora  bears  a  strong  resemblauoo  to  that  of  the  Calciferoos  Sandstones 
of  Scotland. 

The  coal-field  of  Pilscu  in  Bohemia  occupies  about  SOO  square  miles.  It  eonsisti 
mainly  of  sandstone,  passing  sometimes  into  conglomerate,  and  interstratified  with 
shales  and  a  few  seams  of  coal  which  do  not  exceed  a  total  thickness  of  20  feet  of  coal. 
In  its  upper  part  is  an  important  seam  of  shaly  gas-coal  (Plattel,  or  Brettelkohle), 
whicl),  besides  being  valuable  for  economic  purposes,  has  a  high  pakDontologicol  inteiest 
from  Dr.  Fritsch's  discovery  in  it  of  a  rich  fauna  of  saurians  and  fishes.  The  plsnts 
above  and  below  this  seam  are  ordinary  typical  Coal-measure  forms,^  but  these  animsl 
remains  present  such  close  affinities  to  Permian  forms,  that  the  strata  containing  thesi 
may  belong  to  the  Permian  system  (pp.  732, 752).  What  are  believed  to  be  true  Pemiiaa 
rooks  in  the  Pilsen  diBtrict  seem  to  overlie  the  coals  unconformably. 

In  Russia,  the  Scottish  type  of  the  Carboniferous  system  reappears.    In  the  central 
provinces,  the  coal-field  of  Tula,  said  to  occupy  an  area  of  18,000  square  miles,  lies 
conformably  on  the  Old  Bed  Sandstone,  and  contains  limestones  full  of  Carboniferooi 
Limestone  fossils,  and  a  few  poor  seams  of  coal.    In  the  south  of  the  empire,  the  coal- 
field of  the  Donetz,  covering  an  area  of  11,000  square  miles,  contains  CO  seams  of  coal, 
of  which  44,  having  a  united  thickness  of  114  feet,  are  worhotble.    Again,  on  the  flanks 
of  the  Ural  Mountains,  the  Carboniferous  Limestone  series  has  been  upturned  and  con* 
tains  somo  workable  coal-seams.    It  would  appear,  therefore,  that  this  particular  type 
of  mingled  marine  and  terrestrial  strata  of  Carboniferous  age,  oocupies  a  vast  expanse 
under  later  formations  in  the  east  of  Europe.    Even  as  far  north  as  Spitsbergen  a     « 
cliaracteristic  Carboniferous  flora  has  been  obtained,  comprising  26  species  of  plants,  half    ^ 
of  which  are  new,  but  among  wliich  we  recognise  sach  common  forms  as  Lepidendrw     * 
Siemhergiiy  and  Cordaites  horamfolius^ 

Asia. — The  Carboniferous  system  is  cxtenttivcly  developed  in  Asia.  In  China,  ^ 
where  it  covers  an  area  of  many  thousand  miles,  forming  a  succession  of  vast  ^ 
table-lands,  it  has  been  found  by  Bichthofen  to  bo  composed  of  three  stages :  lit,  s  -^ 
massive  brown  bituminous  limestone,  which  from  its  foraminifera  iFusuUnOy  FutuHndla,  .^ 
Lingtdinay  Eudothyra,  VaLvulinay  Climacammina)  is  obviously  the  equivalent  of  the  ^ 
Carboniferous  Limestone  of  Europe.  It  is  covered  by  (2ud)  productive  Coal-measuiefl^0 
with  both  bituminous  and  anthracite  coals,  and  containing  a  chamcteristio  Coal-  ■" 
measure  flora,  among  which  are  numerous  ferns  of  the  genera  SphenopterU,  Patn^opUrU^^ 

>  From  the  ox)al-fleld  of  Central  Bohemia  C.  Feistmnntel  enumerates  278  species  o* 
plants,  of  which  137  are  ferns  {Sphenotderis,  Neuropteris,    OdontoptertB,   Cyaikeiiem, 
AlethopteriSf  Megaphytoti,  Ac.).    Archiv,  Naiiinp,  Lundvi^durchfonch,  Sdhmen,  v.  No.  & 
1883. 

-  Heer,  Flora  Fo$»ilh  Arctica,  iv.  (1877)  p.  4. 
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CtfclopierU,  Neuropteris^  CaUipteridiumy  Cyatheites^  &c.,  also  species  of  CalamiUSf 
SphenophyUum^  Lepidodendron  (including  L,  Siernbergii),  Stigmaria  (8.  ficoide*)^ 
Cordaite$f  and  others.  3rd,  Upper  Carboniferous — sandstones,  conglomerates  and  thin 
limestones,  containing  marine  fossils,  among  which  are  the  cosmopolitan  brachiopods 
mentioned  on  p.  723.^ 

AuBtralasia. — In  Australia,  important  tracts  of  true  Carboniferous  rocks,  with  coal- 
seams,  range  down  the  eastern  colonies,  and  are  specially  developed  in  New  Bouth  Wales, 
where,  probably  not  less  than  10,000  feet  thick,  they  are  divisible  into :  Ist,  Lower 
Carboniferous— sandstones,  conglomerates,  limestones,  shales,  much  disturbed  in  some 
places,  traversed  by  valuable  auriferous  quartz-reefs,  and  yielding  abundant  plant-remains 
{Lepidodendron  vdiheimianum^  L,  nothum,  species  of  Bornia,  SplienapterUt  Catamites, 
BhaeopieriSt  &c. ).  2nd,  Upper  Carboniferous  (Lower  Coal-measures  of  New  South  Wales), 
including  a  series'of  coal-bearing  strata,  both  below  and  above  which  are  thick  masses  of 
oaloareous  conglomerates  and  sandstone  abounding  in  marine  fossils.  The  coal-seams 
are  sometimes  30  feet  thick,  and  among  the  plants  associated  with  them  are  five  specum 
of  Qlonopteris,  This  genus  was  formerly  believed  to  be  entirely  Mcsozoic,  and  its 
ooonrrence  with  true  Carboniferous  organisms  was  for  a  time  denied.  There  can  now 
be  no  doubt  however  that  it  occurs  among  strata  in  which  are  found  the  widodpread  and 
duiraoteristic  Carboniferous  Limestone  forms,  LithosU-olion  hasaliiforme,  L.  irregulare, 
FeneHeUa  pldteiat  Athyri*  Boy$8ii,  Oiihis  Miehelini\  0.  resupinato,  Prod  actus  aeuleatus, 
P.  eora,  P.  longispinus,  P.  punctatus^  1\  semireticulatuSj  and  many  more.' 

In  New  Zealand  the  rocks  assigned  to  the  Carboniferous  system  consist,  in  the  upper 
part,  of  fine  clay-slatcs,  becoming  calcareous  and  passing  down  into  true  limestones  at  the 
baae,  from  which  Spiri/era  histdeataj  8,  glahra,  Productus  braehythcsniB,  Ac,  have  been 
obtained.  They  are  thus  probably  Lower  Carboniferous ;  and,  thougli  they  do  not  yield 
eoftly  they  are  geologically  important  from  the  large  share  they  take  in  the  structure  of 
the  great  mountain-ranges,  and  from  the  occasional  abundimt  development  in  them  of 
contemporaneous  igneous  rocks,  which  are  associated  with  metalliferous  deposits.' 

lEYorth  America. — Bocks  corresponding  in  geologic4il  position  and  the  general  aspect 
of  their  organic  contents  with  the  Carboniferous  system  of  Europe  are  said  to  cover 
an  area  of  more  than  200,000  square  miles  in  the  United  States  and  British  North 
America.  The  following  table  shows  the  subdivisions  which  have  been  established 
among  them:— 

'Coal-incnsurca, — a  scries  of  sandstones,  ahales,  ironstones,  coals,  &c.,  varying 
from  100  feet  in  the  interior  continental  area  to  4000  feet  in  Pennsylvania, 
and  more  than  8000  feet  in  Xova  Scotia.  The  jdant  remains  inclnde  forms 
of  jA!pi(Memlron,  Sigillaria,  Stigmaria,  Calajnites,  ferns,  and  coniferous  leaves 
and  frnits.  The  animal  forms  embrace  in  the  marine  bands  s|)e(:ies  of  ^S^^iri- 
fcra,  Productus,  Bellentphon,  Nautilus,  &c.  Among  the  shales  and  carbona- 
ceons  beds  numerous  traces  of  iusect  life  Iiave  been  obtained,  comprising 
species  related  to  the  may-fiy  and  cockroach.  Spiders,  scorpions,  centipedes, 
limoloid  crabs,  and  laud-snails  like  the  modern  Pujta  have  also  been  met 
.  with.  The  fish  remains  comprise  teeth  and  ichthyodorulitesof  placoid  genera, 
*  and  a  number  of  ganoids  {Eunjlcjns,  Carhcanthts,  Mctjalichthys,  Rhizodus,  &c.). 
Several  labyrinthodouts  occur,  and  true  reptiles  are  represented  by  one 
ianrian  genus  found  in  Nova  Scotia,  the  KosnurH$. 

In  the  Western  Territories  the  Upper  Carboniferous  rocks  e4»usist  of  a 
naniTa  group  of  limestone  2000  feet  thick,  resting  on  I/)wer  Carboniferous 
(**  Weber  Qnartzite  "  of  King),  estimated  at  6000  to  10,000  feet,  but  with  no 
eoalsL 
Millstone  Grit, — a  group  of  arenaceous  and  sometimes  conglomeratic  strata, 
with  occasional  coal-seams,  only  25  feet  thi<:k  in  some  parts  of  New  York, 
but  swelling  out  to  1500  feet  in  Pennsylvania. 


HUthdhB,  'Gbina,'  vols,  ii  and  iv. 

" by  W.  B.  Clarke,  B.  Ethcridge,  jun..  Do  Koninck  and  Wilkinson 


•Bfltidbook  of  New  Zealand,'  1883,  p.  35. 
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Id  the  Mississippi  basin,  where  the  sub-Carboniferous  groups  are  beft  deTeloped, 
they  present  the  following  subdirisions  in  descending  order : — 

Chester  group. — Limestones,  shales,  and  sandstones,  sometimes  600  feet, 

St.  Louis  group. — Limestones  with  shale,  in  places  250  feet. 

Keokuk  group. — Limestone  with  chert  layers  and  nodoles. 

Burlington  group. — Limestone,  in  places  with  chert  and  hornsione,  25  to 

200  feet. 

Kindcrhook  group. — Sandstones,  shales,  and  thin  limestones,  100  to  200 

feet,  resting  on  the  Devonian  black  shale. 

The  sub-Carboniferous  groups  are  mainly  limestones,  but  contain  here  and  there 

remains  of  the  characteristic  Carboniferous  land  vegetation.     Crinoids  of 

many  forms  atibund  in  the  limestones.    A  remarkable  polyzoon,  iLrcAtmedrf, 

occurs  in  some  of  the  bands.    The  brachiopods  are  chiefly  represented  by 

species  of  Spirifera  and  ProducUisj  the  lamellibranchs  by  MyaUna^  ScMzodus, 

Avicvlojiecten^  Nucuiii^  Pinna,  and  others;   the  cephalopods  by  Orthooeratf 

Kautiius,  GoniatUcs^  Gyroccras,  &c.  The  European  genus  of  trilobite,  PhSUpwn^ 

occurs.    Numerous  teeth  and  fin-spines  of  selachian  fishes  give  a  further 

point  of  resemblance  to  the  European  Carboniferous  Limestone.    Some  of  the 

ripple^  rain-pitted  beds  contain  amphibian  foot-printa — the  earliest  American 

,    forms  yet  known.  Large  deposits  of  gypsum  occur  in  this  stage  in  Nov*  Scotiat 


Section  v.    Permian  (Dyas). 
§  1.    General  Gharaotors. 

Tho  Carboniferous  rocks  are  overlain,  sometimes  conformably,  but  in 
Europe  for  tho  most  part  nnconformably,  by  a  series  of  rod  sandstones, 
conglomerates,  breccias,  marls,  and  limestones.  These  tised  to  be 
reckoned  as  the  liighest  part  of  the  Coal  formation.  In  England  they 
received  the  name  of  the  "  New  Eed  Sandstone  "  in  contradistinction  to 
the  "  Old  Red  Sandstone  "  lying  beneath  the  Carboniferous  rocks.  The 
term  "Poikilitio"  was  formerly  proposed  for  them,  on  account  of  their 
characteristic  mottled  apx>earance.  Eventually  they  were  divided  into 
two  systems,  the  lower  l)eiiig  taken  as  the  stuumit  of  the  Palaeozoic  series 
of  formations,  and  the  \ipper  as  the  ])asement  of  the  Mesozoic.  This 
arrangement,  which  is  mainly  based  on  the  difiference  between  the 
organic  remains  of  the  two  divisions,  is  generally  adopted  by  geologists.^ 

Following  the  usual  grouping,  we  remark  that  the  portion  of  the  red 
strata  classed  as  Palwozoic  has  received  the  name  of  **  Permian,"  from  its 
wide  development  in  the  Eussian  province  of  Perm,  where  it  was  studied 
by  Murchison,  De  Vcnieuil,  and  Keyserling.     In  Germany,  where  it 
exhibits  a  well-marked  grouping  into  two  great  series  of  deposits,  it 
received  the  name  of  "  Dyas,**    In  North  America,  where  no  good  line  o: 
subdivision  can  1)e  made  at  the  top  of  the  Carboniferous  system,  the  term 
"  Penno-Carboniferous  "  has  been  adopted  to  denote  the  transitional  beds 
at  tho  top  of  tho  Palaeozoic  scries,  and  this  name  has  been  proposed  for  ' 
use  also  in  Europe. 

In  Europe  two  distinct  types  of  the  system  can  be  made  out.     In  one 

*  Some  writers,  however;  contend  that  the  red  rocks  of  Europe  between  the  siunmit^ 
of  tho  Carboniferous  and  base  of  tlie  Jurassic  systems  form  really  one  great  series,  the* 
break  between  them  being  merely  local.   See,  for  example,  H.  B.  Woodward,  CML  Mm, 
1874,  p.  385 ;  also  Tarious  papers  by  the  Hev.  A.  Irving  an<}  others  in  the  same  jourmu^ 
1882  and  1884;  Hughes,  Bnt,  Auoc.  1875. 
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iheee  (Dyas)  the  rocks  consist  of  two  great  divisions:  (1)  a  lower 
es  of  red  sandstones  and  conglomerates,  and  (2)  an  upper  group  of 
estones  and  dolomites.  In  the  other  (Russian  or  Permian)  the  strata 
of  similar  character  but  are  interstratified  in  such  a  way  as  to 
Bent  no  twofold  petrographical  subdivision. 

tocES. — The  prevailing  materials  of  the  Permian  series  in  Europe 
undoubtedly  red  sandstones,  passing  now  into  conglomerates  and 
T  into  fine  shales  or  "marls."  In  their  coarsest  forms,  these  detrital 
osits  consist  of  conglomerates  and  breccias,  compJteed  of  fragments  of 
arent  crystalline  or  older  Palaeozoic  rocks  (granite,  diorite,  gneiss, 
a-6chist,  quartzite,  greywacke,  sandstone,  <fec.),  that  vary  in  size  up 
[>locks  a  foot  or  more  in  diameter.  Sometimes,  these  stones  are  well 
aded,  but  in  many  places  they  are  only  partially  so,  while,  here  and 
re,  they  are  quite  angular,  and  then  constitute  breccicts.  The  pebbles 
held  together  by  a  brick-red  ferruginous,  siliceous,  sandy,  or  argilla- 
118  cement.  The  sandstones  are  likewise  characteristically  brick-red 
jolour,  generally  with  green  or  white  layers  and  spots  of  decoloration. 
3  "  marls  "  show  still  deeper  shades  of  red,  passing  occasionally  into  a 
d  of  livid  purple ;  they  are  crumbling  sandy  clay-rocks,  sometimes 
rging  into  more  or  less  fissile  shales.  Of  the  argillaceous  beds  of  the 
tern  the  most  remarkable  are  those  of  the  marl-slate  or  Kupferschiefer 
.  brown  or  black  often  distinctly  bituminous  shale,  which  in  certain 
ts  of  Germany  is  charged  with  ores  of  copper.  The  limestone,  so 
rracteristic  a  feature  in  the  "  Dyas "  development  of  the  system,  is 
ompact,  well-bedded,  somewhat  earthy,  and  usually  more  or  less 
omitic  rock.  It  is  the  chief  repository  of  the  Permian  invertebrates, 
th  it  are  associated  bands  of  dolomite,  either  crystalline  and  cavernous 
luchwacke)  or  finely  granular  and  crumbling  (Asche);  also  bands 
gypsum,  anhydrite,  and  rock-salt.  In  certain  localities  (the  Harz, 
lemia,  Autun)  seams  of  coal  are  intercalated  among  the  rocks,  and 
h  these,  as  in  the  Coal-measures,  are  associated  bituminous  shales  and 
lular  clay-ironstones.  In  Germany  and  in  the  south-west  of  Scotland, 
>  older  part  of  the  Permian  system  contains  abundant  contemporaneous 
sses  of  eruptive  rock,  among  which  occur  diabase,  melaphyre,  por- 
pite,  and  various  forms  of  quartz-porphyry. 

Some  of  the  breccias  in  the  west  of  England  contain  striated  stones, 
ich,  according  to  Sir  A.  C.  Ramsay,  indicate  the  existence  of  glaciers 
Wales  during  the  Permian  period. 

The  Permian  system  in  Europe,  from  the  prevalent  red  colour  of  its 
ks,  the  association  of  dolomite,  rock-salt,  saliferous  clays,  gypsum,  and 
lydrite,  has  evidently  been  deposited  in  isolated  basins  in  which  the 
ter,  cut  off  more  or  less  completely  from  the  sea,  underwent  concen- 
tion  until  chemical  precipitation  could  take  place.  Looking  back  at 
)  history  of  the  Carboniferous  rocks,  we  can  undei'stand  how  such  a 
inge  in  physical  geography  was  brought  about.  The  Carboniferous 
QDiestone  sea  having  been  by  upheaval  excluded  from  the  region,  wide 
joona  occupied  its  site,  and  these,  as  the  land  slowly  went  down,  crept 
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onr  the  'M  rid^ts  th»t  bad  tx  ao  any  ages  Inn  |MMMiitf  fiitHIL 
Tike  ^jruwitri  mltanBea  Bov^wDt  ««■  rvnOmtify  vMiil  1^  Ind 
dentiocs,  abd  at  last  tke  Powaa  TwAit  oaae  te  te  feiHal.    !■■ 

retsidt  of  tbeM  < 

ftnTMis,  and  even  oarer  t 

the  older  fimiadcii  faaring  beoi,  in  acme  iilaeti,  gi 

Penniaii  sbvta  vere  Uid  dovn.' 

Ijfb: — Tlie  ooDdhkan  nnder  iriod    the 
•were  deponted  moat  have  been  tmaatmtij 
ooidingly  we  find  that  the  rocka  mm  on  tbe  wUe .     _ 
organic  lemaina.    Vraa  the  lich  &«>aa  of  Aa  S3a■in^  Di 
Caxhaniftrona  ayatenia  we  enter  the  Pmaian  ffwaliiM  tmt  Aid  «^ 
aonewbere  aboat  300  apedea  of  t>rguamm. 

The  Pennian  Baa,  preeenta  many  painta  of  nwW— nr  ia  AaOv- 
boniferons.*  According  to  Gnnd'Eoiy  npwarda  of  SO  ^waaa  if  ]faHl 
are  oomnum  to  the  two  flotaa.  Among  the  Scrum  wUch  ne  sda  ih> 
Permian  rockn  anddiaappear  there,  are  CMtaea  Smtiiemm,Ctgffmimitm, 
AMtenpkyUilei  equueU/ormtj  A.  tigi^u,  Paetfhna  titgrnt,  fliiiiljii* 
SAIcthetmit,  SigiUaHa  BnrtUi  (and  others),  SUgmmrim  ^^dm,  GvUk 
boram/oUia,  &q.  Othen,  which  are  mainly  PenDian,  ai»  yft  io^ii  M 
the  highest  ooal-beda  of  Franoe,  e^,  CaJamilM  figma,  CU^Md^faa 
ilriatitm,  AiiiropitM  etoaata,  liauopteru  abaormia,  WJetim  fiaifmmm,  kt. 
But  the  Permian  flora  has  aomo  distinctiTO  ohaiactcn;  aa  the  vaiia? 
and  quantity  of  the  ferns  united  under  the  genua  CmBiptmu,wUiAiit 
tiot  ticcnr  in  the  Ooal-moasures,  the  profusion  of  tree-femii  <  Paarmim.  d 
wliiuh  24  b]k;c)«h  are  described  by  Goppert,  Pivb^ent,  CamJt^itnt.  ^ 
and  of  EquiaetUee,  ami  the  abundance  of  the  conifera  Waleiia  jmin*** 
imd  \V.  JtUii/ormis.  The  most  characteristic  planU  thmughem  lat 
Oornixii  I'lTiiiimi  ^onps  are  Odontopleris  obl«»iloba,  CaHi^rtit  uannt. 
CnliHnitea  gigas,  and  WaLihia  ptni/ormu.  The  last  repreaentativet  of  tta 
liniiidit  tiilwK  of  the  Icpidodendra,  sigillarioids,  and 
fiitind  in  tliu  Permian  Bj-stcm.  Cycads  now  make  their  a]i 
inurcAHU  in  im^iortanco  in  the  ancceeding  geolt^cal  periods. 
tlieir  Poiiiiian  t'ontiii  iire  the  gciiora  I'tetoplii/llum  and  Mydmliam. 

'I'liu  i]ii)Hive.Tinh(.'<l  fniina  uf  the  Permian  rocks  ie  foond  almtf 
in   tini  liincHtoncs  imd  briiwii  slialeH,  tlie  red  conglomeratn  ■■■ 
HtonoH  Iwiiifi;,  us  a  rule,  devoid  of  organic  contents.     A  few  ojaI* 
jMirrt)  nnd   jMilyitoa  {Fmmildia,  Sytiocladia,  Acanthocladia )  ««x^» 
limcHtiiiicK,  the  latter  sumetimoH  oven   in  o'^ntiunous  luocais  ISp- 
rccf'M,  iiM  in   the  dolomite-roef  of  S.  Iv  Tiunliij;;!!.     Tlji' .tUi:   '    ■ 
feu-,  the  chief  crinoids  Itoiug  K|Hvi..-  ..i    i.';iuili"':y!r.iii.      '•■ 
cliiiiiRids  tlio  most  consjiicnous  uw  ,-i"cir.  .  ■    ' 
Spirifera,  and  Strophalona(^^ig^. 

'  In  mate  plaoM.  Qio  wboh- 
to  the  Carbniilli'miu 
linvo  bet-n  ilini'tly  At 
tliK  I'nrliiiiiifi'Tixu  or 
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charaoteristic  genera  being  Aa^niu,  AUorisma,  Solemya,  Schhodtu,  Ediium- 
dia,  AreOtAeiciUa,  Bdkeeettia  (Fig.  35S),  Peeim  Among  the  few  gastero- 
foia,  forma  of  Chenmitiia,  T\trbo,  Murckiwnia,  Pleurolomarta,  and  Okiton 
have  been  rocorded.  An  occasional  Nattttlua,  Orlhoceras,  or  Oyrtocerai 
repreaents  the  rich  cephalopodan  fanna  of  the  Carbon iforons  Limestone. 


Flj.  3SS.— PennEin  MoUtidm 

t1,  Unnt.  (enlirgrd) ;  b,  Pndsctu  borridiu,  Siiw. ;  e. 
King ;  il,  Ailniu  (^liHlllxJ  SchloUtelnill,  (kloHl. 


Fishes,  which  are  proportionately  bettor  represented  in  the  Femiian 
rocks  than  the  invertebrates,  chiefly  occur  in  the  marl-slate  or  Knpfcrs- 
chiefer,  the  most  common  genera  being  Paleetmiifvg  (Fig.  356),  which  i^ 
Specially  characteristic,  Plalyeomia  (Fig.  357),  Pygopterue,  and  Acanthodes. 
Amphibian  life  api)ears  to  have  been  abundant  in  Permian  timet), 


g.  3SS.— Pali«iiii>cui 


iiwrniv,  AE'  (i),  KajittrKbirteT. 


Flam  ■  mleratlon  hy  Dr.  Tnniulr. 

.for  Bomo  of  the  KanilstoncB  of  the  system  are  covered  with  footpriiifs, 
assigned  to  the  extinct  order  of  Labyrinthodont*.  Occasional  skiills  and 
other  bones  have  l)ecn  met  with  referable  to  Arehegoiaunu,  J^idototaurut, 
Zgffotaurut,  Ac.  The  remains  of  comparatively  few  forms,  however,  had 
been  found  until  the  remarkable  discoveries  of  Dr.  Anton  Fritsch  in  the 
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Iiasins  of  Filuen  aud  Bakowitz  in  Bohemia.  The  strata  of  these  localities 
have  been  already  fp.  746)  referred  to  as  containing  an  abnndant  Mid 
chamcteriatic  coal-flora,  yet  with  a  fauna  that  is  as  decidedly  like  that 
of  known  Permian  rocltB,  According,  therefore,  as  we  give  preference 
to  the  plants  or  the  animals,  the  strata  may  ho  ranked  as  Carbonifiennu 
or  asPcnniau.  They  have  yielded  npivardsof  40  species  of  amphibiiuu, 
of  which  Dr.  Fritsch  is  publishing  clalwrato  descriptionB.  Among  Om 
genera  are  Branchiomunu  (a  form  resembling  an  earth-salamander  in  poB- 
uesxing  gills,  and  of  which  the  largest  specimen  is  only  about  2^  inches 
long),  Sparodut,  Sylonomut,  DatcBonta,  XelanerpetoHf  iToIielcMoma,  OpJider- 
pelon,  MicrodoH,  Macromerion,  Urocordyliu,  KeralerpeUm  and  lAmuf^ton} 
From  tlio  corresponding  strata  of  Autun  in  Central  France,  M-  Gandry 
has  described  some  additional  forms — Actinodon,  ProfnVon.a  new  hatrachian 
gcnna  PUaroneura,  &iiAiro»auru$,  a  larger  and  more  highly  organised  typo 


than  any  previously  kiioivn  from  the  Palreozoic  rocks  of  France,  W 
inferior  to  another  subsequently  found  at~  Autnn,  which  he  has  utasA 
Stereorackis,  aud  which  was  distinguished  by  completely  ossified  vertebiC 
and  other  proofs  of  higher  organisation  that  connect  it  with  the  Therio* 
donts  of  Russia  and  Southern  Africa  and  with  the  Felycosaurians  of  the 
United  States.'  The  Kupferschiefer  of  Germany  and  the  corTtepoDdiug 
beds  in  England  have  yielded  the  earliest  known  European  lacertilian 
reptile— the  ProUrosaurus,  one  distinguishing  feature  in  which  is  tli» 
crocodilian  character  of  having  the  teeth  planted  in  distinct  sockets. 


'  A.  Frifecli, '  Fauna  der  Goakohlc  und  dor  KalVstciuc  ilt^r  Fenurormatian  Bohmen* 
Frag,  vol.  i,  18SI-4.  Tiiia  volume  containa  descriptionB  of  tlie  SUgoeepiaN  vUn 
prcaout  no  labyrinthiDe  foldings  oC  the  tooth  Bubetaitce :  the  next  will  be  devoted  to  tte 
larger  forme,  io  vhioh  thiH«ttuctnre  ia  more  or  less  distinct.  Bee  also  H.  CtedneiM 
Labjrinthodonta  from  the  Rothlicgendc  of  DreB<lcn.  Z,  thutich,  Qeol,  Qti.  ISSl-SS. 

'  Gandi7,  Ball.  Soc.  OM.  Fraitce,  viL  (3  eii.),  p.  (12.  ix.  p.  17. 
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§2.  LocalDoYolopment. 

Britain  J — ^Li  England  on  a  small  scale,  a  representative  is  to  be  found  of  the  two 

ooDtnated  types  of  the  Eoropean  Permian  system.    On  the  east  side  of  the  island,  ftom 

the  coast  of  Northumberland  southwards  to  the  plains  of  the  Trent,  a  true  **  Dyas " 

defelopment  is  exhibited,  the  Mag^iesian  limestone  and  Marl-slate  forming  the  main 

featoie  of  the  system ;  on  the  west  side  of  the  Pennine  chain,  however,  the  true  Permian 

or  Bussian  facies  is  presented.    Arranged  in  tabular  form  the  rocks  of  the  two  areas 

may  be  grouped  as  follows : — 

W.  of  England.  K.  of  EngUnd. 

(Permian  or  Russian  t^^pc.)    (Dyas  or  (Jerman  type. 

Ked  saudstoues,  clays,  and  gypsum     .  600  ft.  50-100  f>. 

Magnesian  lunestone         .     '     .          .  \  .,.„,.                                    ^5^ 

Warl  sUtc /  ^^-^^  »                               ^^  " 

Lower  red  and  variegated  sandstone,] 


reddish   brown   and    puride    sand-f  oaoo  \oo  ^^n 

stones  and  marls  with  calcareous  [  ^^"^   »  1UU-25U 

conglomerates  and  breccias    .         .  j 


Lower  Sandstone. — This  subdivision  attains  its  greatest  development  iu  tlie 
▼alo  of  the  Eden,  where  it  consists  of  brick-red  sandstones,  with  some  beds  of  calcareous 
breccia,  locally  known  as  •*  brockram,**  derived  principally  from  the  waste  of  the 
Carboniferous  Limestone.  These  red  rocks  extend  across  the  Solway  into  the  valleys 
of  the  Nith  and  Annan  in  the  south  of  Scotland,  where  they  lie  unconformably  on  the 
Lower  Silurian  rocks,  from  which  their  breccias  have  generally  been  derived,  though 
near  Dumfries  they  contain  some  **  brockram.''  The  breccias  have  evidently  accumulated 
in  small  lakes  or  narrow  Qords.  In  the  basin  of  the  Xith,  and  also  in  Ayrshire,  numerous 
small  volcanic  vents  and  sheets  of  diabase,  porphyrite  and  tuff  are  associated  with  the 
red  sandstones,  marking  a  volcanic  district  of  Permian  age.  The  vents  rise  through 
Coal-measures  as  well  as  more  ancient  rocks.  Much  further  south,  in  Staffordshire,  and 
in  the  districts  of  the  Clent  and  Abberley  Hills,  the  brecciated  conglomerates  in  the 
Permian  series  attain  a  thickness  of  400  feci  They  have  been  shown  by  Ramsay '  to 
consist  in  large  measure  of  volcanic  rocks,  grits,  slates,  and  limestones,  which  can  bo 
identified  with  rocks  on  the  borders  of  Wales.  Some  of  their  blocks  are  three  feet  in 
diameter  and  show  distinct  striation.  These  Permian  drift-beds,  according  to  Bamsay, 
cannot  be  distinguished  by  any  essential  character  from  modem  glacial  drifts,  and  ho 
has  no  doubt  that  they  were  ice-borne,  and,  consequently,  that  there  was  a  glacial  period 
during  the  accumulation  of  the  Lower  Permian  deposits  of  the  centre  of  England. 

Like  red  rocks  in  general,  the  Lower  Permian  beds  are  almost  barren  of  organic 
remains.  Such  as  occur  are  indicative  chiefly  of  terrestrial  surfaces.  Plant  remains 
oocasionally  appear,  such  as  Caulerpites  (supposed  to  be  of  marine  growth),  Lepido- 
dendron  dilatutum,  Calamitest  Sternbergia^  and  fragments  of  coniferous  wood.  The 
dmninm  of  a  labyrinthodont  {Dafyceps)  has  been  obtained  from  the  Lower  Permian 
roeka  at  Kenilworth.  Footprints,  referred  to  members  of  the  same  extinct  order,  have 
been  observed  abundantly  on  the  surfaces  of  the  sandstones  of  Dumfriesshire,  and  also 
in  the  vale  of  the  Eden. 

Hagnesian  LimestoneGrou p. — ^Tliis  subdivision  is  the  chief  repository  of 
foMilB  in  the  Permian  system.  Its  strata  are  not  red,  but  consist  of  a  lower  Z(me  of  hard 
brown  shale  with  occasional  thin  limestone  bands  (Marl  Slate)  and  an  upper  thick  mass 

»  Sedgwick,  Trans.  Geol  Soc,  (2)  iii.  (1835)  p.  37 ;  iv.  383 ;  Muroliison,  *  Siluria,' 
p.  308 ;  W.  King,  *  Monograph  of  the  Permian  Fossils,'  Pal/eontog.  Soc,  1850 ;  Hull, 
^Triaasic  and  Permian  Bocks  of  Midland  Counties  of  England,'  in  jlfem.  Oeol.  Sure. 
1860;  Q.  /.  OecL  Soc.  xxv.  171 ;  xxix.  p.  402 ;  Bamsay.  op.  cU.  xxviL  p.  241 ;  Kirkby, 
M,  eit.  xiii.  xvi.  xvii  xx. :  E.  Wilson,  op.  cit.  xxxii.  p.  533 ;  D.  C.  Davies,  op.  cit. 
xSoHi.  p.  10 ;  H.  B.  Woodward,  Oeol  Mag.  1874,  p.  385 ;  T.  V.  Hohnes,  Q.  J.  Geol.  Soc. 
zxzyii.  p.  286 ;  W.  T.  Aveline,  H.  H.  Howell  in  various  Memoirs  Geol,  Snrv. 

«  Q.  /.  Geo/.  Sor.  xi.  p.  181. 
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of  dolomite  (Magncsian  Limestone).  The  latter  is  the  chief  feature  in  the  D3ra8  de- 
velopment of  the  syHtem  in  the  east  of  England.  Corresponding  with  the  Zeohstein  of 
Germany,  as  the  Marl  Slate  does  witli  the  Kupferschiefer,  it  is  a  very  variable  rock  in 
lithological  characters,  being  sometimes  dull,  earthy,  fine-grained,  and  foeailiferoiiSi  in 
other  places  quite  crystalline,  and  composed  of  globular,  renifonn,  botryoidal,  or  iiregular 
concretions  of  crystalline  and  frequently  intomully  radiated  dolomite.  The  MagnenaD 
Limestone  runs  as  a  thick  persistent  zone  down  the  east  of  England.^  It  is  Tepretenled 
on  the  Lancashire  and  Cheshire  side  by  bright  red  and  variegated  sandBtone  coveied  by 
a  thin  group  of  red  marls,  with  numerous  thin  courses  of  limestone,  containing  Sekuoim, 
BakevelliOj  and  other  characteristic  fossils  of  tlio  Magnesian  Limestone. 

The  Magnesian  Limestone  group  has  yielded  about  100  species  belonging  to  i6 
genera  of  fossils — a  singularly  poor  fauna  when  contrasted  with  that  of  the  Carbonifexoos 
system  below.     The  brachiopods  (9  genera,  2!  species)  include  Produetu*  komdiw, 
Ckimarophoria  muUipUcata,  C.  Schlotheimiu  Slrophalogia  Ooldfu99i,  Lingufa  Credneri^ 
and  Terebratiila  eUmgata.    The  lamellibranclis  number  16  genera  and  31  species,  among 
which  Axinus  (Schizodus)  Schlotheimiit  Bahecellia  tumida^  B.  aniiqwit  S.  eeralopluufa, 
Mytilus  squamonuSf  and  Area  striata  are  characteristic  Tlie  univalves  are  represented  by 
11  genera  and  26  species,  including  Plenrotomaria  and  Turtx>  as  common  genera.  Fish« 
have  been  obtained  ohiefly  in  the  Marl  Slate,  to  the  number  of  21  species  belonging  (o 
8  genera,  of  which  Paheonisctts  is  the  chief.    These  small  ganoids  are  closely  related  to 
bome  which  haunted  the  lagoons  of  the  Carboniferous  period.    Some  reptilian  remaiiu 
have  been  obtained  from  the  group,  particularly  Proterotaurm  Speneri,  P,  Huxle^  and 
Lepiilotomunu  Diiffii. 

Murchison  and  Harkness  have  classed  as  Upper  Permaiu  certain  red  sandstones  with 
thin  partings  of  red  shale,  and  an  underlying  band  of  red  and  green  marls  and  gypsoB* 
These  rocks,  seen  at  St.  Bees,  near  Whitehaven,  resting  on  a  magnesian  limestone,  htre 
not  yet  yielded  any  fossils. 

(Germany,  &c. — ^The  "Dyas"  t3rpe  of  the  system  attains  a  great  devetopmeot 
along  the  flank  of  the  Harz  Mountains,  also  in  Thuringia,  Saxony,  Bavark,  ftnd 
Bohemia.    On  the  south  side  of  the  Harz  it  is  grouped  into  the  following  subdivisioDi  ^- 
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'Anhydrite,  gypsum,  rock-salt,  marl,  dolomite,  fetid  shale,  and  limestone.  The 
amorphous  gypsum  is  the  chief  member  of  this  group ;  the  limestone  is  some- 
times full  of  bitumen. 

Crystalline  gramilar  (liattchtracke)  and  fine  sandy  (Asche)  dolomite  (6  to 
65  feet). 

Zechstein,  an  argillaceous  thin-bedded  com^mct  limestone  15  to  30  (sometimei 
even  90)  feet  thick. 

Kupferschiefcr — a  black  bituminous  shale  not  more  than  about  2  feet  thick. 

.Zechstein-conglomerate,  and  calcareous  sandstone. 

Upper. — Conglomerates  (quartz-porphyry  conglomerate)  and  sandstone,  with 
associated  melaphyres  and  tuffs. 

Middle. — Red  clays,  shales,  and  fine  shaly  sandstones,  with  bands  of  quArti* 
conglomerate  and  earthy  limestone.  Melajjhyre  and  porphyrite  masses  in- 
tercalated. 

.Lower. — Shaly  sandstones,  shales  (with  bituminous  bands),  and  conglomerates. 


The  name  "  Ilothliegende,"  or  rather  **  Rothtodtliegende  "  (red-layer  or  red-d€sd-toycr)f 
was  given  by  the  miners  because  their  ores  disappeared  in  the  red  rocks  below  the  capfeh 
bearing  Kupferschiefcr.  The  coarse  conglomerates  have  been  referred  by  Bamsayfo* 
glacial  origin,  like  those  of  the  Abberley  Hills.  They  attain  the  enormoos  thickncn 
of  6000  feet  or  more  in  Bavaria.  One  of  the  most  interesting,  features  of  the  fonnstioo 
is  the  evidence  of  the  contemporaneous  outpouring  of  great  sheets  of  quartz-poipbTrTT 
granite-porphyry,  porphyrite,  and  melaphyre,  with  abundant  interstratificationsof  ?ii»» 


*  In  borings  at  Middlesboro'  beds  of  salt  and  gypsum  have  been  found  at  a  depth  rf 
more  than  1300  feet  from  the  surface,  arid  IkjIow  n  mass  of  limestone  C7  feet  thick,  whiA 
is  believed  to  bo  the  Maguesvvvn  \i\x\\o«.V«ivi'. 
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tuffif,  not  unfreqnently  enclosing  organic  remains.  From  the  very  nature  of  its  component 
materials,  the  Rothliegendc  is  comparatively  barren  of  fossils ;  a  few  ferns,  calamites, 
and  remains  of  coniferous  trees  are  found  in  it,  particularly  towards  the  base,  where 
indeed  they  form,  in  the  Mansfeld  district,  a  coal-seam  about  5  feet  thick. 

The  plants,  all  of  terrestrial  growth,  on  the  whole  resemble  generically  the  Carboni- 
Tcrons  flora,  but  seem  to  be  nearly  all  specifically  distinct.  They  include  forms  of 
Calamites  (C.  gigas},  AsterophylliteSf  and  ferns  of  the  genera  Sphenopteria^  Aletliopteris^ 
NeuropUris,  Odontopteris,  with  well-preserved  silicified  stems  of  tree-ferns  (Psaronius, 
Tubieaulis).  The  conifer  Walchia  (W,  piniformU)  is  specially  characteristic.  Fish 
remains  occur  sparingly  {ArvMypterus^  PalxonUeus,  Acanthode»\  and  traces  of  labyrintho- 
donts  {Archego$aurii»  Decheni)  have  been  met  with. 

The  Zechstein  group  is  characterised  by  a  suite  of  fosnils  like  those  of  tlie  Magncsian 
Limestone  group  of  England.  The  Eupferschiefer  contains  numerous  fish  {Talxoniscm 
Freietlebenif  Platynomus  gibhosus,  &c.)  and  remains  of  plants  (coniferous  leaves  and  fruits 
and  sea-weeds).  This  deposit  is  believed  to  have  been  laid  down  in  some  enclosed  sea- 
bamn,  the  waters  of  which,  probably  from  the  rise  of  mineral  springs  connected  with 
some  of  the  volcanic  foci  of  the  time,  were  so  charged  with  metallic  salts  in  solution  as 
to  become  unfit  for  the  continued  existence  of  animal  life.  The  dead  fisli,  plants,  &c., 
by  fheir  decay,  gave  rise  to  reduction  and  precipitation  of  these  salts  as  sulphides,  which 
thereupon  enclosed  and  replaced  the  organic  forms,  and  permeated  the  mud  at  the 
bottom.  This  old  sea-floor  is  now  tlie  widely  extended  band  of  copper-slate  which  has 
80  long  and  so  extensively  been  worked  along  the  flanks  of  the  Harz.  After  the  forma- 
tioD  of  the  Kupferschiefer  the  area  must  have  been  once  more  covered  by  clearer  water, 
for  the  Zechstein  contains  a  number  of  organisms,  among  which  Produclus  horriduf, 
8pirf/era  tifiduZa/a,  Stropluilosia  Goldfwwt\  Schizodus  ohscurmi,  and  Fenestdla  reti/ormis 
are  common.  Renewed  unfavourable  conditions  are  indicated  by  the  dolomite,  gypsum, 
and  rock-salt  which  succeed.  Seasoning  upon  similar  phenomena  as  developed  in 
England,  Ramsay  has  connected  them  with  the  abundant  labyrinthodont  footprints  and 
other  evidences  of  shores  and  land,  as  well  as  the  small  number  and  dwarfed  forms  of 
the  shells  in  the  Magnesiaii  Limestone,  and  has  speculated  on  the  occurrence  of  a  long 
••  continental  period  "  in  Europe,  during  one  epoch  of  which  a  number  of  salt  inland 
seas  existed  wherein  the  Permian  rocks  were  accumulated.  He  compares  these  deposits 
to  what  may  be  supposed  to  be  forming  now  in  parts  of  the  Caspian  Sea. 

In  Bohemia  (pp.  732,  746,  752)  and  Moravia,  where  the  Permian  system  is  exten- 
sirely  developed,  it  has  been  divided  into  three  groups.  (1)  A  lower  set  of  conglomerates, 
sandstones,  and  shales,  sometimes  bituminous.  These  strata  contain  diffused  copper 
ores,  and  abound  here  and  there  in  remains  of  land-plants  and  fishes.  (2)  A  middle 
groop  of  felspathic  sandstones,  conglomerates,  and  micaceous  shales,  with  vast  numbers 
of  silicified  tree-stems  {AraucariteB,  Pmronius).  (3)  An  upper  group  of  red  clays  and 
sandstones,  with  bituminous  shales.  Eruptive  rocks  (melaphyre,  porphyrite,  &c.)  are 
associated  with  the  whole  formation.  A  zone  of  red  sandstones  and  conglomerates 
foond  on  both  sides  of  the  Alps  below  recognised  Triassic  beds  is  referred  to  tho 
Fennian  system. 

Rnasia.' — The  second  or  •* Permian"  type  attains  an  enormous  development  in 
Bastern  Europe.  Its  nearly  horizontal  strata  cover  by  far  the  largest  part  of  European 
Rasia.  They  consist  of  sandstones,  marls,  shales,  conglomerates,  limestones  (often 
highly  dolomitic),  gypsum,  rock-salt,  and  thin  scams  of  coal.  In  the  lower  and  more 
sandy  half  of  this  series  of  strata  remains  of  land-plants  {Calamites  gigas,  Cydoptcrh^ 
PeeopierU,  &c.),  fishes  {Palxonisciui),  and  labyrinthodonts  occur,  but  some  intcrstratificd 
bands  yield  Prodncins  Cancn'ni  and  other  marine  yhells.  The  rocks  arc  over  wide 
ngions  impregnated  with  copper  ores.  The  upper  half  of  the  series  consists  of  clays, 
marls,  limestones,  gypsum,  and  rock-salt,  with  niunerous  marine  mollusca  like  those  of 

>  See  '  Russia  and  Ural  Mountains,'  Murchison,  De  Vemeuil,  and  Keyserliug ;  4to, 
S  TolA  1845. 
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tho  Zechstein  {Productus  Can^ini,  P.  horridus,  Camaroplioria  Sehloiheimii),  bat  with 
intercalated  bands  containing  land-plants.  It  would  therefore  appear  that  tenreetrial 
and  marine  conditions  must  have  frequently  alternated  in  Eastern  Europe  daring  the 
deposition  of  the  Permian  system  of  that  region. 

France. — On  the  east  of  France,  and  stretching  intermittently  northwuda  aloog 
tho  flanks  of  the  Yosges,  and  eastwards  into  the  Black  Forest,  the  Permian  syitem  is 
represented  by  a  group  of  red  sandstones,  clays,  and  conglomerates  400  to  500  feet  thick, 
passing  he^e  and  there  into  fclspathic  breccias  and  tufis,  and  with  associated  bands  of 
(^uartz-porphyry,  equivalent  to  the  Rothliegendc.    In  the  upper  part  of  this  group  come 
some  masses  of  dolomite,  which  may  possibly  represent  the  Zechstein.    As  already  itated, 
it  is  probable  that  tho  liighest  coal-bearing  strata  in  some  of  the  numerous  barins 
Bcaltered  over  tho  central  tracts  of  France  should  be  referred  to  the  Permian  system.   The 
most  remarkable  of  these  tracts  yet  explored  is  that  of  Autun,  where  the  mass  of  strata 
assigned  to  the  Permian  system  is  bcliefed  to  be  more  than  3000  feet  thick.    This  great 
depth  of  rock  consists  of  nltemations  of  sandstones,  bituminous  shales,  and  ooal  witL 
somo  bands  of  magnosian  limestone,  which  however  contain  only  fresh-water  fossils.    It 
is  divided  into  three  stages.    The  lowest,  whicli  follows  conformably  upon  the  undoubted 
0)al-mcasures,  contains  a  flora  almost  entirely  of  Coal-measure  plants,  with  scaroely  say 
I*ermian  forms ;  but  its  fauna  inclu<]es  species  of  PalvonUcun,  Ambiypteru$y  Acantkodeti 
Pleuracanthusy  and  tho  suurians  Aciinodon,  Eachyrmaurm  and  Stereorachis.    The  middle 
division  shows  the  advent  of  the  characteristic  Permian  flora,  with  a  correspondiog, 
diminution  of  Goal-measure  forms,  and  has  yielded  the  batrachians  Proirilon  sihI 
Pleuronoura,    The  highest  stage  presents  a  predominant  Permian  flora.    Henoe  in  tbii 
interesting  scries  of  de|)osits  we  see  a  complete  stratigraphical  and  palsBophytologioiI 
passage  from  the  Coal-measures  into  the  Permian  system.^     The  series  is  specislljr 
characterised  by  its  fishes  and  the  remarkable  series  of  reptilian  remains  described  by 
M.  Gaudry.'  It  has  also  yielded  a  species  of  tho  pulmoniferous  gasteropod  Dendropufa? 

iN'orth  America. — The  Permian  system  is  hardly  represented  at  all  in  this  part  of 
the  globe.  In  Kansas  certain  red  and  green  clays,  sandstones,  limestones,  oonglomcntai^ 
and  beds  of  gypsum  lie  conformably  on  the  Carboniferous  system,  and  contain  a  few 
genera  and  species  of  mollusks  (BahevelUa,  Myalina^  &c)  which  occur  in  tho  Enropom 
Permian  rocks.  It  has  recently  been  urged,  however,  that  the  upper  part  of  the 
Appalachian  coal-field  should  be  regarded  as  belonging  to  the  Permian  systein.  Thes) 
Ktrata,  termed  tho  *•  Upper  Barren  Measures,"  are  upwards  of  1000  feet  thick.  At  their 
bnso  lies  a  massive  conglomeratic  sandstone,  above  which  come  sandstones,  Bhalei»aiMl 
limestones,  with  thin  coals,  the  wliole  becoming  very  red  towards  the  top.  Profeflon 
W.  M.  Fontaine  and  J.  C.  White  have  shown  that,  out  of  107  plants  examined  by  them 
from  tlieso  strata,  22  are  common  to  the  true  Pennsylvanian  Coal-measures  and  28  to  the 
Permian  rocks  of  Europe ;  that  even  where  tho  species  are  distinct  they  are  closely  sUied 
to  known  Permian  forms ;  that  the  ordinary  Coal-measure  flora  is  but  poorly  zepreieDted 
in  the  **  Barren  Measures,"  while  on  tho  other  hand  vegetable  types  appear  of » 
distinctly  later  timo,  forms  of  Pecopteris,  CallipUridiuin,  and  Saporima  foreshadowing 
characteristic  plants  of  the  Jurassic  period.  These  authors  likewise  point  to  the 
indications  furnished  by  the  strata  themselves  of  important  changes  in  the  phyoal 
condition  of  tho  American  area,  and  to  the  remarkable  paucity  of  animal  life  in  tbeie 
IkhIs,  as  in  the  red  Permian  rocks  of  Europe.  The  evidence  at  present  before  us  seam 
certainly  in  favour  of  regarding  the  upper  part  of  tho  Appalachian  coal-flelds  if  »• 
presenting  tho  reptiliferous  beds  overlying  tho  Coal-measures  at  Autun  and  their 
equivalents.* 

*  E.  Roche,  Ball  Soc.  GM.  France  (3),  ix.  p.  78. 

'  Delafond,  Bull  Soc.  Oeol,  France,  iv.  (»•  ser.)  p.  727.     Gaudry,  op,  at.  Tii. 
(3«  ser.)  p.  (52.  v  /  i  Ji    r 

*  P.  Fischer,  Ctmpt.  rend,  c.  (1885)  p.  393.' 

\  •*  On  the  Permian  or  Upper  Carboniferous  Flora  of  W.  Virginia  and  8.W.  Pennirl- 
vnnia,    Second  Otol  Surv,  Penn.  Bejmi,  p.r.  1880. 


Sect.  i.  §  Ij  TliJASSIO    SYSTEM,  757 


India. — ^In  the  lodiau  peninsula,  the  lower  and  middFo  Mesozoic  marine  rocks  of  other 
coimtries,  and  probably  also  the  upper  part  of  the  Paleozoic  series,  are  represented  by  a 
Tast  thicknefls  of  beds,  chiefly  sandstones  and  shales,  which  are  probably  almost  entirely 
of  flnvlatile  origin.  To  this  great  fresh-water  accumulation  the  name  of  Gondwdna 
system  has  been  given  by  the  Geological  Survey  of  India.  The  lower  parts  of  the 
system  (Talchir  and  Damuda  series)  may  i^rhaps  bo  paralleled  with  the  Permian 
rocks  of  Europe.  The  Panchot  series  ia  more  probably  Triossic,  while  the  up|)er 
subdiviaiouB  appear  to  be  of  Jurassic  age.* 

AnBtralis. — The  "  Upper  Coal-measures  "  of  New  South  Wales  have  been  provision- 
ally classed  as  Permian,  though  they  may  eventually  be  relegated  to  the  Garboniforoui* 
system.  They  consist  of  shales,  sandstones  and  conglomerates,  with  abundant  plant- 
remains  {Ghstopteris,  Gangamapteris,  Vertehrariaj  Phyllothecay  SpJietwpterh),  but  with 
no  marine  shells.  This  group  of  coiil-bearing  strata  comprises  nearly  all  the  seams  of 
coal  in  the  Newcastle  coal-field,  the  lowest  of  which  is  from  eight  to  fifteen  feet  tliick, 
Another  seam,  near  Jomberoo,  is  twenty-five  feet  thick.^ 

Part  III.  Mesozoic  or  Secondary. 

Section  i.  Triassic. 

It  has  l)cen  already  mentioned  that  the  great  mass  of  red  rocks, 

which  in  England  overlie  the  Carboniferous  system,  were  formerly 

classed  together  as  New  Ked  Sandstone,  but  are  now  ranged  in  two 

systems.     We  have  considered  the  lower  of  these  under  the  name  f>f 

Permian.     The  general  facies  of  organic  remains  in  that  division  is  still 

decidedly  Palaeozoic.    Its  brachiopods  and  its  plants  connect  it  with  the 

Carboniferous  rocks  IkjIow.     Hence  it  is  placed  at  the  close  of  the  long 

series  of  Palseozoio  formations.     Wlion,  however,  we  enter  the  upper 

division  of  the  red  rocks,  though  the  general  lithological  characters 

remain  in  Europe  very  much  as  in  the  lower  group,  the  fossils  bring 

before  us  the  advent  of  the  great  Mesozoic  flora  and  fauna.     This  group 

therefore  is  put  at  the  base  of  the  IMesozoic  or  Secondary  series,  thougli 

in  some  regions,  as  in  England,  no  very  satisfactory  line  of  demarcation 

can  always  be  drawn  between  Permian  and  Triassic  rocks.     The  term 

Trias  was  suggested  by  the  fact  that  in  Germany  the  group  consists  of 

three  well-marked  subdivisions.     But  the  old  name,  New  Red  Sandstone, 

is  familiarly  retained  by  many  geologists  in  England.     The  word  Trias, 

like  Dyas,  is  unfortunately  chosen,  for  it  elevates  a  mere  local  character 

into  an  importance  which  it  does  not  deserve.    The  tlireefold  subdivision, 

though  so  distinct  in  Gennany,  disappears  elsewhere. 

§1.  General  Characters. 

As  the  term  Trias  arose  in  Germany,  so  the  development  of  tlie 
Triassic  rocks  in  that  and  adjoining  parts  of  Europe  has  been  accepted 
as  the  normal  type  of  the  system.  There  can  Im)  little  doubt,  however, 
that  though  this  type  is  best  known,  and  has  been  traced  in  detached 
areas  over  the  centre  and  west  of  Europe,  from  Saxony  to  the  north  of 

>  Medlicott  and  Blandford,  *  Geology  of  India.' 

«  C.  H.  Wilkinson,  *  Notes  on  Geology  of  Now  South  >Yi\\c<  ^yAi\c\,\^^*>,  v-  ^^^^ 
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Ireland,  reappearing  even  among  the  eastern  States  of  North  America,  it 
muBt  lie  looked  upon  as  a  local  phenomenon.  This  assertion  oommendi 
itself  to  our  acceptance,  when  we  reflect  upon  the  nature  of  the  strata  of 
the  central  European  Triassio  basins.  These  rocks  consiBt  for  the  most 
part  of  bright  red  saudetones  and  clays  or  marls,  with  layers,  nodules,  or 
veinisgB  of  g^'psnm,  bods  of  rock-salt,  bands  and  massive  beds  of  lime- 
stone, often  dolomitic.  Such  an  association  of  materials  points  to  isolated 
basins  of  deiHtsit,  to  which  the  sea  found  ocoasional  access,  and  in  which 
the  water  underwent  concentration,  until  its  gypsum  and  salt  were 
thrown  down.  That  the  intervals  of  diminished  salinity,  during  wbicb 
the  sea  reuewcti,  and  perhaps  maintained,  a  connection  with  the  haediu. 


were  occasionally  of  some  duration,  is  shown  by  the  thickness  wJ 
fossiliforons  nature  of  the  limestoues. 

It  is  evident,  however,  that  in  this,  .in  in  all  other  geological  periodn, 
tlie  prevalent  tyiw  of  nediineutfltion  must  liave  been  that  of  the  ofta 
Hea.  'J'hougli  traces  of  the  thoroughly  marine  e<iuivalent8  of  the  wl 
rocks  of  the  basins  have  1>een  less  fmiuently  detect«<l,  enough  has  bea 
oltsorvod  to  reveal  some  of  the  general  .■haracters  of  the  deposits  and  life 
of  the  Triaosic  sea.  In  the  Alps,  masses  of  limestone  and  dolomite,  with 
saudstoucK  and  shales,  attaining  a  united  thickness  of  many  thou»al 
feet,  are  replete  with  a  marine  fauna,  in  which  have  been  identifi«d 
organisms  that  occur  also  in  TriasHJc  rocks  of  Northern  Siberia,  the 
Himalaya  Mountains,  New  Zealand,  and  the  Sierra  Nevada  cm  the  IViSo 
slope  of  North  America. 
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PX. — A  more  or  less  marked  palEeontologioal  break  occurs  between 
p  of  tlie  Falffiozoio  and  the  base  of  the  Mesozoio  formations,  though 
reOik  lias  been  foimd  not  to  be  so  complete  or  uoiyorsal  as  was  at 
me  Huppoeed.  If  the  ordinary  marioe  deposits  of  the  time  should 
B  more  extensively  discovered  and  searched,  the  hiatus  would  no 
be  still  further  reduced. 

la  flora  of  the  Triaasio  period  appears  to  have  consisted  mainly 
OB  (some  of  them  arborescent),  equisetums,  conifers,  and  cycada. 
g  the  ferns,  a  few  Carboniferous  genera  (Pecopterii,  Cydo^teria) 
niryive,  but  new  forms  have  appeared  {Anomopterig,  AerogUehite*, 
vpterig,  Oremalapteris,  Sagenopterie).    The  earliest  undoubted  horse- 


iphjlU,  Iln>ii|!i 


•cds  occur  in  this  sj-stem.  Hero  tlicy  are  reproscntod  by  the  two 
a  EijttisflHm  (Fig.  359)  and  Sriiionettra.  Tlie  latter  genus  died  out 
1  Jurassio  ]>ori<Hl,  biit  the  former  ia  still  represented  by  twenty-fivo 
;  spccif.'M.  The  conifers  are  represented  by  Vnltaa,  the  cj-press-like 
rnce-liko  twigs  of  wliich  are  specially  characteristic  organisms  of 
rias  (Fig.  3G0),  and  by  ATbeHia.  But  tho  most  diMtinctive  feature 
i  flora  of  tho  earlier  Mesozoic  ages  was  tho  great  development  of 
aceous  vegetation.  Tho  moat  abundant  genua  is  PUTtyphyUtiia; 
\  are  Zamlles,  PlrTOzamilet,  Podazamilea,  Otozamika.  So  typical  aro 
plants  that  tho  Mesonoio  formationa  have  Ijoen  classed  as  belonging 
,«Ageofrycnd«.- 
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Tho  fauna  is  exceedingly  scanty  in  the  red  sandy  and  marly  strata 
of  the  central  European  Trias,  and  comparatively  poor  in  forms,  thongh 
often  abundant  in  individuals,  in  the  calcareous  zones  of  the  same  re^on. 
From  the  Alpine  development,  a  much  more  varied  suite  of  organisms 
has  been  disinterred.     Some  of  the  Alpine  limestones  are  full  of  forami- 
nifera.    Corals  abound  in  some  localities  in  the  same  rocks.    Echinodermifc 
are  plentiful  among  the  limestones,  particularly  crinoid-stems,  of  whid^^ 
those  rocks  are  in  some  cases  almost  wholly  com|K)sed.     One  of  the  mos^ 
characteristic  fossils  of  tlie  Musehelkalk  is  the  Encrinus  liliifarmU  (Fig  ^ 
361).     Species  of  urchins  (Cidarls)  are  common  in  the  Alpine  Triaa-  . 
An  abundant  fossil  in  some  of  the  upper  Triassic  and  Bhaetic  shales 
is    the  little  phyllopod  Estheria  (Fig.  361,   6,).     The  more  freqnen  -i 
brachiopods  are  species  of   Terebratula   (T.  vulgaris),  Betzia,  Spirifercm^ 
and  Bhynchonella,     Of  the  lamellibranchs  one  of  the  most  distinctively 
Triassic    is    Myopharia   (Jf.    vulgaris,    M.   Keferstetni,    M,    WhaHeifea'^  ; 
species  of  Pecten  (P.  Isevigatus,  P.  discites),  Daondla,  Monotis,  Lima,  Qer^ 
villia,  Avlcula,  Cardium,  Cardita,Nucula,  Cassianelia,  Pullastra  (Fig.  361,  r), 
likewise  mark  different  zones  in  the  system.     Among  gasteropoda  we 
find  representatives  of  the  genera  Turbo,  Loxonema,  Chemnitzia,  Natica, 
Naiicella,  Turritella,  and  others.     In  no  feature  is  the  contrast  between 
the  palseontological  poverty  of  the  German,  and  the  richness  of  tho 
Alpine  Trias  so  marked  as  in  the  development  of  cephalopods  in  tho 
respective  regions.     In  the   former  area  the  nautili  are  represented 
cliiefly  by  a  few  species  of  Nautilus  (JV.  hidorsatus.  Fig.  361,  e),  and  tlio 
ammonites  by  species  of  Ceratites  (C  nodosus,  Fig.  361,  a;  C  semipartiUu), 
In  the  Alpine  limestones,  however,  there  occurs  a  profusion  of  eepha- 
lopod  forms,  among  which  a  remarkable  commingling  of  Palaeozoic  and 
Mesozoic  types  is  noticeable.     The  geniLS  Orthoceras,  so  typical  of  tho 
Palaeozoic  rocks,  has  never  yet  Ixjou  met  >\ith  in  the  German  Triassio 
areas ;  but  it  appears  in  the  Alpine  Trias  in  species  which  do  not  differ 
much   from  those  of  the  older  formations.     Side  by  side  with  these 
survivals  of  Palaeozoic  time  we  find  numerous  representatives  of  the 
distinctively  Mesozoic  tribe  of  Amnwnitcs,  of  which  characteristic  species 
are  A,  {Arcestes)  Studeri,  A.  (Arcestcs)  multilohatus,  A.  (Arcestes)  neortv*, 
A.  (Trachyceras)  Aon,  A.  (Tra^^hyceras)  Muensteri,  A,  {Pinacoceras)  Metier 
nichii,  A.  (PhyUoceras)  Jarhas,   Ceratites  (several   species,  but  without 
C.  nodosus).     The  fishes  of  the  Triassic  period  have  been  but  sparingly 
preserved ;  among  the  remains  at  present  kno>\Ti  are  species  c>f  the  genera 
Oyrolepis,  Pholidophorus,  Hyhodus,  Acrodus,  Ceratodus,  <fcc.    It  is  interesting 
to  note  tliat  one  of  these  Triassic  genera  {Ceratodus)  is  still  living  in 
some  of  the  rivers  of  Queensland.    The  ancient  order  of  Lab^Tinthodonts 
still  flourislied ;  numerous  prints  of  their  feet  have  been  observed  on 
surfaces  of  sandstone  beds,  and  the  bones  of  some  of  them  have  been 
f(mnd   {Trematosaurus,  Mastodonsaurus).      Bones,  and   sometimes   even 
nearly  entire  skeletons,  of  several  early  forms  of  lizard  have  also  been 
discovered,  the  most  important  genera  being  Telerpeton,  Hyperodapedm, 
and  Rhynehosaurus.     The  earliest  deinosaurs  yet  knoA\Ti  occur  in  this 
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flfstem  {Theeodonloaaitrua,  Terafo$aarw,  Paleeotaunu,  Cladgodvu,  &c.).' 
Tfaeso  long-extinct  types  of  reptilian  life  preaeuted  cliaracteTS  in  Home 
iDeasnre  intermediate  between  those  of  the  ostriches  and  tnie  roptiles, 
and  their  size  and  unwieldiness  gave  them  a  resemblance  to  the  elephants 
and  rhinoceroses  of  modem  times.  They  appear  to  have  walked  niainly 
on  their  strong  hind  legs,  the  prints  of  their  hind  feet  occurring  in  great 
abundance  among  the  rod  BandBtoncs  of  Connecticut.    Slaiiy  of  them 


had  three  bird-like  toes,  and  left  foot-prints  <|tiito  like  th'jw^^  nf  iiinlf. 
Othen  had  fonr  or  even  five  toes,  and  attained  un  enomiinih  miw  ,  fm  u 
•ingle  Jbotprint  sometimes  measnres  twenty  inchcii  in   len;;lri.      'J'ji</ 


fBi.ftlieTru»,HMtey,  e. /.  OMf.:'i>r,  ixri.  aa.    Intl..  >«-.  IT. 

■  diboftfae  "BtabenBDditein"  near  8tattgartiraiioliliuuHl,  ill  wliioli  tani' inuiiiV''"" 
'   "  "    *      '  ■"•  nsited  bird-ltzaLrd,"  Duned  Aaommrui,  )>toba)il.v  »  Uu.i.mmu'  wiU. 
*3»».    O.  Fnu,  JaJirb.  Vtr.  Sol.  iViirtrmli^y.  x«ii  .  '  H^"; 
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plesiosaurs  which  played  so  foremost  a  part  in  the  reptilian  life  of 
Mesozuic  time  had  their  Triassic  representatives  (^NotkosauruSy  Simoaaurui^ 
Nemiicosaurus^  &c.).      From   certain   thick  lacustrine  strata  in  South 
Africa,  believed  to  be,  in  part  at  least,  Triassic,  a  remarkable  assemblage 
of  rei)tilian  remains  has  been  discovered.     Among  these,  as  described  by 
Owen,  there  occur  two  Labyrinthodonts  (Petrophryne^  SaMrostemon)^  three 
Deinosaurs  (Tapinocephalus,  Pareiasaurus,  Anihodon)^  and  a  large  unmber 
(►f  genera  belonging  to  a  remarkable  carnivorous  order,  the  Theriodonts, 
distinguished  by  having  three  sets  of  teeth,  like  those  of  camivoroiis 
mammals  (^Lycosaurus,  Tigrisii^hus,  Cynodrcicon,  &o.).     There  were  like- 
wise examples  of  Anomodonts,  characterised  by  having  no  teeth,  or  by  a 
single  tusk-like  pair  or  a  number  of  small  ones,  the  jaws  being  probably 
prolonged  into  a  homy  beak.     The  limbs  were  well  developed,  and  the 
animals  probably  walked  on  the  land  (DicynodoHy  Oiidenadon^  &o.).^     The 
earliest  forms  of  crocodiles  occur  among  Triassic  rocks  in  the  genera 
Stagonolepia  and  Belodon,'^     It  has  been  supposed  that  evidence  of  the 
existence  of  Triassic  birds  is  furnished  by  the  three-toed  foot-prints 
above  referred  to.     But  probably  these  are  mostly,  if  not  entirely,  the 
tracks  of  deinosaurs,  tlie  absence  of  two  pairs  of  prints  in  each  track 
l)eing  accounted  fur  by  the  bird-like  liabit  of  the  animals  in  the  use  of 
their  hind  feet  in  walking.     One  of  the  most  noteworthy  facts  in  the 
palseontology  of  the  Trias  is  the  occurrence  in  this  system  of  the  first 
relics  of  mammalian  life.     These  consist  of  detached  teeth  and  lower 
jaw-bones,  referred  to  small  marsupial  animals  allied  to  the  MyrmecMui^ 
or  Banded  Ant-eater  of  New  South  Wales.     The  European  genus  is 
Microlestes  (Hypsiprymnopsis).    In  the  Trias  of  North  Carolina  an  allied 
form  has  been  described  under  the  name  of  Droma(hermm. 

§  2.  Local  Development. 

Britain.* — Triassic  rocks  occupy  a  large  area  of  the  low  plains  in  the  centre  of 
England,  ranging  thence  northwards  along  tbo  flanks  of  the  Carboniferous  tracts  to 
Lancaster  Bay,  and  southwards  by  the  head  of  the  Bristol  Channel  to  the  south-eait  of 
Devonshire.    They  have  been  arranged  in  the  following  subdivisions : — 

PI    ..  /Penarth  beds. — Red,  green,  and  grey  marls,  black  shales,  and  "White 

Kiirctic.      .j     Lias." 

New  Red  Marl. — Red  and  grey  shales  and  marls,  with  bft<ls  of  rock- 
salt  and  gypsum  (Estfwria  and  Foraminifera). 
Upper  Trias  Lower  Keuper  Sandstone.  —  Thinly  laminated   micaceous  sandstoneiT 
''  and  marls  (waters tones),  passing  downwards  into  white,  brown,  or 

reddish   sandstones,   with   a   base  of  calcareous  conglomerate  or 
breccia. 
Middle  .      .   Doubtfully  present  in  England  (Muschelkalk  of  Germany). 


or  Keuper. 


»  Owen's  *  Catalogue  of  Fossil  BeptUia  of  South  Africa,'  Brit.  Museum.  187(5. 

-  On  the  crocodilian  remains  of  the  Elgin  Sandstone,  Huxley,  Q.  /.  Geol.  Soe,  1850; 
^fi>1n.  Geol.  Survey^  Monograph,  iii.  1877. 

'  See  K.  Hull,  **  Permian  and  Triassic  Rocks  of  England,"  Geological  Survey  Memoir*, 
1869;  H.  B.  Woodward,  Geol.  Mag.,  1874,  p.  385;  "Geology  of  East  Somerset  and 
liristol  Coal-fields,"  Mem.  Geol  Survey,  1870;  Ussher,  Q.  J.  Geol.  8oc.  xxxii.  867; 
xxxiv.  459;  Geol  Mag,  1875,  p.  103;  Ktheridge,  Q.  J.  Geol  Soe.  xxvi.  174;  A.  Irving, 
Geol  Mag.  1874,  p.  314 ;  1877,  p.  309;  W.  T.  Aveline,  ojh  eit.  1877.  p.  380. 
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'Upper  Mottled  Sandstone. — Soft  bright-red  and  variegated  sandstones, 

without  pebbles. 
Pebble-beds.  —  Harder    reddish-brown    sandstones    with    quartzose 
•{     pebbles,  passing   into   conglomerate ;   with   a  base   of  calcareous 

breccia. 
Lower  Mottled  Sandstone. — Soft  bright-red  and  variegated  sandstone, 

without  pebbles. 


Lower  Trias 
or  Bunter. 


Like  the  Permian  red  rocks  below,  the  sandstones  and  marls  of  the  Triassic  series 
are  almost  barren  of  organic  remains.  Extraordinary  differences  in  the  development  of 
their  several  members  occur,  even  within  the  limited  area  of  England,  as  may  be  seen 
from  the  subjoined  table,  which  shows  the  variations  in  thickness  from  nortli-west  to 
south-east : — 


Lancashire 

audW. 

Chefthire. 

StafTordMhlrc. 

Leicester- 
shire and 
Warwick, 
shire. 

«            |Red  marl 

*°P^'  \Lower  Keui)er  sandstone  . 
flipper  mottled  sandstone 

Bunter.  i  Pebble  beds 

(Lower  mottled  sandstone 

Feet 

3000 

450 

500 

500-750 

200-500 

Feet. 

800 

200 

50-200 

100-300 

0-100 

Feet. 

700 

150 

absent 

0-100 

absent 

Henoo  we  observe  that,  while  towards  the  north-west  the  Triassic  rocks  attain  a 
maximum  depth  of  5200  feet,  they  rapidly  come  down  to  a  fifth  or  sixth  of  that  thickness 
as  they  pass  towards  the  south-east  South-w^estwards,  however,  they  swell  out  in  Devon 
and  Somerset  to  probably  not  less  than  2500  or  3000  feet.'  Kecent  borings  in  the 
south-eastern  counties  show  the  Trias  to  be  in  some  places  absent.'  It  is  evident  that 
the  source  of  supply  of  the  sediment  lay  towards  the  north  or  north-west.  This  is 
further  borne  out  by  the  character  of  the  pebble-beds.  These  are  coarsest  towards  the 
north,  and,  besides  local  materials,  contain  abundant  rolled  pebbles  of  quartz,  which 
have  evidently  been  derived  from  some  previous  conglomerate,  probably  from  some  of 
the  Old  Red  Sandstone  masses  now  removed  or  concealed.*  The  Trias  rests  with  a 
more  or  less  decided  unconformability  on  the  rocks  underneath  it,  so  that,  although  the 
general  physical  conditions  as  regards  climate,  geography,  and  sedimentation,  which 
prevailed  in  the  Permian  period,  still  continued,  terrestrial  movements  had,  in  the  mean- 
while, taken  place,  whereby  the  Permian  sediments  were  generally  upraised  and  exposed 
to  denudation.  Htnce  the  Trias  rests  now  on  Permian,  now  on  Carboniferous,  and 
sometimes  even  on  Cambrian  rocks.  Moreover,  the  upper  parts  of  the  Triassic  series 
overlap  the  lower,  so  that  the  Keuper  groups  repose  successively  on  Permian  and 
Carboniferous  rocks. 

At  the  base  of  the  Keuper  group,  in  tlie  region  of  tlie  Meudip  Hills  a  remarkable 
littoral  breccia  or  conglomerate  occurs.  Over  Carboniferous  Limestone  it  consists  mainly 
of  limestone,  and  is  precisely  like  "  brockrani "  Q).  753),  but  in  tlie  slaty  tracts  of 
Devonsliire,  the  fragments  are  of  slate,  porphyry,  granite,  Ac.  Its  matrix  being  sometimes 
doloraitic,  it  has  been  called  the  Dolomitic  conglomerate ;  but  it  occasionally  passes  into 
a  magnesian  limestone.    It  represents  the  shore  deposits  of  the  Trias  salt-lake  or  inland 


»  Usshor,  Q.  J,  Geol  Soc,  xxxii.  392. 

*  Red  strata  in  the  deep  boring  at  Richmond  are  believetl  by  Prof.  Judd  to  lie 
Triassic.  Mr.  Whitaker  regards  as  Trias  similar  rocks  found  under  Kentish  Town  and 
Crossness  near  Loudon. 

•  In  southern  Devonshire,  the  pebble-beds  of  Budleigh  Salterton  have  acquired  a 
oaiebrity  from  their  quartzite-pebbfes,  containing  Lower  Silurian  and  Devonian  fossils, 
piofaaUy  derived  from  the  north-west  of  France.  See  Davidson  on  lirachiopoda  nf 
BwUeigh  Salterton  Pebble-beds,  PaUeontograph.  Sor.  1881. 
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sea,  and,  as  it  lies  on  many  successive  horizons,  we  see  that  the  conditions  for  its  fornuttioa 
persisted  during  the  subsidence  by  which  the  Mendips  and  other  land  of  this  legioD 
were  gradually  depressed  and  obliterated  under  the  red  sandstones  and  marls  (tee  Figs. 
211,  212,  213).*  The  Dolomitic  conglomerate  averages  20  feet  in  thickness,  but  here 
and  there  rises  into  cliffs  40  or  50  feet  high.  It  has  yielded  two  genera  of  ddnosaora 
(Puh-Kosaurus,  The^iodoniomurus).^  Some  geologists  have  regarded  this  band  of  rock  as  an 
English  representative  of  the  German  Muschelkalk.  But  the  manner  in  which  it 
a.scends  along  what  was  the  margin  of  the  Triassic  land  shows  it  to  be  a  local  base 
occupying  successive  horizons  in  the  red  rock£>.  There  is  no  equivalent  of  the  Muschel- 
kalk in  Britain,  unless  the  middle  division  of  the  Devonsliire  Trias  can  be  so  regarded.* 

The  beds  of  rock-salt  in  the  English  Trias  have  long  been  profitably  worked.  The 
uppermost  subdivision  of  the  Keuper,  consisting  of  red  marls,  has  a  wide  distributioD, 
for  it  can  bo  traced  from  the  coast  of  Lancashire  to  the  Bristol  Channel,  and  oovers  a 
larger  area  of  surface  in  the  central  counties  than  the  rest  of  the  Trias  and  the  whole  of 
the  Permian  sandstones  combined.  Even  as  far  south  as  the  coast  of  Devonshire,  it 
contains  casts  of  the  cubical  spaces  once  occupied  by  crystals  of  common  salt.  In 
Cheshire,  the  salt  occurs  in  two  or  more  beds,  of  which  the  lower  is  sometimes  npwarda  of 
100  feet  thick.  It  is  a  crystalline  substance,  usually  tinged  yellow  or  red  from  inter- 
mixture of  clay  and  peroxide  of  iron,  but  is  tolerably  pure  in  the  best  parts  of  the  beds, 
wiiere  the  proportion  of  chloride  of  sodium  is  as  much  as  98  'per  cent.  Through  the 
bright  red  marls  with  which  the  salt  is  intorstratiiied  there  run  bands  of  gypsum,  some- 
what irregular  in  their  mode  of  occurrence,  sometimes  reaching  a  thickness  of  40  feet 
and  upwards.    Thin  seams  of  rock-salt  likewise  occur  among  the  red  marls. 

The  organic  remains  of  the  English  Bunter  and  Keuper  are  comparatively  few,  as 
Iho  conditions  for  at  least  animal  life  must  have  been  extremely  unfavourable  in  the 
waters  of  the  ancient  Dead  Sea  wherein  these  red  rocks  were  accumulated.    The  land 
possessed  a  vegetation  which,  from  tho  fragments  yet  known,  seems  to  have  consiste<l 
in  large  measure  of  cyprus-like  coniferous  trees  ( Voltzia,  Walchid),  with  calamitce  on 
tho  lower  more  marshy  grounds.    The  red  marl  group  contains  in  some  of  its  layers 
numerous  valves  of  the  little  crustacean  Esther ia  ininittaj  and  a  solitary  species  of 
lamellibranch,  PuUasira  arenicola.    A  number  of  teeth,  spines,  and  sometimes  entin^ 
skeletons  of  fish  have  been  obtained  {pipteronotua  ajphusi  Paheonisew  supertie*,  Hyhodn* 
Keuperi,  Acrodw  minimHSy  Sphenonchus  minimvs^  LftphoduSf  &c.).    The  bones,  and  still 
more  frequently  tho  footprints,  of  labyrinthodont  and  even  of  saurian  reptiles  occur  in 
the  Keuper  beds — LabyrirUhodon  (4    species),    Cladyodon   Lloydii,  Hyperodapedan^ 
PalxosauruSy    Teratosauruit    TJiecodontosauruSj    KynrhonosauruSy    and    footprints    oT 
Cheirotherium,    The  remains  of  the  small  marsupial  Microlestes  have  likewise  been  dis- 
covered in  the  highest  beds  sometimes  taken  as  the  base  of  the  Rhsstic  series. 

At  the  top  of  the  Bed  Marl  certain  thin-bedded  strata  form  a  gradation  upwards  into 
tho  base  of  the  Jurassic  system.  As  their  colours  are  grey,  blue,  and  black,  and  contrast 
with  the  red  and  green  marls  below,  they  were  formerly  classed  without  hesitation  in 
tho  Jurassic  series.    Egerton,  however,  showed  that,  from  the  character  of  the  fisli 
remains  found  in  the  *'  bone-bed "  of  the  black  shales,  they  had  more  palseontologicRl 
afiinity  with  the  Trias  than  with  the  Lias.    Subsequent  research,  jMirticularly  among 
tho  Rhffitic  Alps  and  elsewhere  on  the  Continent,  brought  to  light  a  great  series  of 
strata  of  intermediate  characters  between  the  previously  recognised  Trias  and  Lias. 
These  results  led  to  renewed  examination  of  the  so-called  beds  of  passage  in  England 
(Peuarth  beds),*  which  were  found  to  be  truly  representative  of  the  massive  fonnationfl 


*  Do  Itt  Beche,  Mem.  Geol.  Survey,  i.  p.  240.  H.  B.  Woodward,  *•  Geology  of  East 
Somerset  and  Bristol  Coal-fields,"  Mem.  GeoL  Survey,  1870,  p.  53. 

«  Ethcridge,  Q.  J.  Geol  Soc.  xxvi.  174. 
'  Ussher,  op.  cit.  xxxiv.  p.  469. 

*  So  named  from  their  being  well  developed  in  the  cliffs  of  Penarth  on  the  GIamo^ 
gonshire  coast.  Bristow,  Brit.  Afmc,  18G4,  Sects,  p.  50;  Geol  Snrv.  Vertical  8e^imi$, 
Sheets  47,  48. 
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of  tho  Tyrolese  and  Swiss  Alps.  They  are  therefore  now  known  as  B  h  sb  t  i  o,  (some- 
times as  I  n  f  r  a-L  i  a  s),  and  are  usually  classed  as  the  uppermost  member  of  the  Trias, 
but  offering  eyidence  of  the  gradual  approach  of  tlie  physical  goog^phy  and  character- 
istic fauna  and  flora  of  the  Jurassic  period. 

The  Rhntic  (Penarth)  beds  extend  as  a  continuous  though  very  thin  band  at  tlio 
top  of  the  Trias,  from  the  coast  of  Yorkshire  across  England  to  Lyme  Regis  on  tho 
Dorsetshire  shores.'  They  occur  in  scattered  patches  up  the  west  of  England,  and 
on  both  sides  of  the  Bristol  Channel.  Their  thickness,  on  the  average,  is  probably 
not  more  than  50  feet,  though  it  rarely  increases  to  150  feet.  In  the  south-west  of 
England,  they  consist  of  the  following  subdivisions  in  descending  order : — 

White  Lias— composed  of  an  upper  hard  limestone  (Sun-bed  or  Jew-stone,  G  to  18 
inches)  with  Modioia  minima  and  Ostrea  liassica ;  and  a  lower  group  of  pale 
limestones  (10  to  20  feet)  with  the  same  fossils  and  Cardium  rhasticuni^  Monotis 
(Idcussaia, 

Cuthan  Stone  or  Landscape  Marble  (4  to  8  inches),  a  hard  compact  limestone,  with 
dendritic  markings.  At  Aust  it  has  yielded  elytra  of  Coleoptera,  wings  of  insects, 
and  scales  and  perfect  specimens  of  the  fishes  Letjnonotus  cothamensis,  Pkolido- 
phorus  Higginai. 

Black  paper-shales  (10  to  15  feet),  finely  laminated  and  pyritoos,  with  sclenitc  and 
fibrous  calcite  (^  beef")  and  one  or  more  seams  of  ferruginous  and  micaceous 
sandstone  (bone-bed)  containing  remains  of  fish  and  saurians.  Some  of  the 
shales  yield  Avicula  {Ca$8ianeUa)  contorta,  Cardium  rhxticum,  Pccten  vahniensis 
(=  Avisula  amtorta  zone). 

Green  and  grey  Marls  (20  to  30  feet),  with  alabaster,  celestiue,  and  sometimes 
|)seudomorplu  of  rock-salt;  generally  unfossiliferous,  but  yielding  the  Micro- 
lestesJ*  These  Marls  form  properly  the  top  of  the  Trias,  the  bone-bed  above 
serving  as  a  convenient  base  for  the  Rhastic  beds. 

A  bone-bed  similar  to  that  in  the  foregoing  section  reappears  on  the  same  horizon  in 
Hanover,  Brunswick,  and  Franconio.  Among  the  reptilian  fossils  are  some  precursors 
of  the  great  forms  which  distinguished  the  Jurassic  p)eriod  (Ichthijosaurtts  and  Plenosau- 
nu).  The  fishes  include  Acrodus  mimmus,  Ceratodits  alius  (and  five  other  species), 
Hybodus  minora  Nemacanthm  monilifer,  &c.  Some  of  tho  lamellibranchs  (Fig.  3G2)  are 
specially  characteristic;  such  are  Cardium  rhseticnm^  Avicula  (CoMiandld)  contvrta, 
Peeien  valoniensU,  and  Ptdlattra  arenicola. 

Central  Europe, — The  Trias  is  one  of  the  most  compactly  distributed  geological 
formations  of  Europe.  Its  main  area  extends  as  a  great  basin  from  Basel  down  to  tho 
plains  of  Hanover,  traversed  along  its  centre  by  tho  course  of  the  Bliine,  and  stretching 
from  the  flanks  of  the  old  high  grounds  of  8axony  and  Bohemia  on  the  east  across  the 
Yosges  Mountains  into  France,  and  across  the  Moselle  to  the  flanks  of  the  Ardennes. 
This  must  have  been  a  great  inland  sea,  out  of  which  the  Harz  Mountains,  and  the  high 
grounds  of  the  Eifel,  llunadruck,  and  Taunus  probably  rose  as  islands.  To  tho  west- 
ward of  it,  the  PulsBozoic  area  of  tho  north  of  Franco  and  Belgium  had  been  raised  up 
into  land.'  Along  the  margin  of  this  land,  red  conglomerates,  sandstones,  and  clays 
were  deposited,  which  now  appear  here  and  there  reposing  unconformably  on  the  older 
formations.  Traces  of  what  were  probably  other  basins  occur  eastward  in  the  Carpathian 
district,  in  the  west  and  south-east  of  Franco,  and  over  the  eastern  half  of  the  Spanish 
peninsula.    But  these  areas  have  been  considerably  obscured,  sometimes  by  dislocation 


*  Strickland,  Proc,  Geol.  Soc,  iii.  part  ii.  p.  585 ;  E.  B.  Tawney,  Q.  J,  Geol  Soc.  xxii. 


XX.  p.  396. 


p.  ouo. 

■  H.  B.  Woodward,  ** Geology  of  E.  Somerset  and  Bristol  Cool-fields'*  Mem,  Geol. 

^•This  land,  according  to  MM.  Comet  and  Briart,  rose  into  peaks  16,000  to  20,000 
feet  high!  {Ann.  Soc.  Geol  Nord.  iv.) 


Fig.  302.— IlhAHio  KoVllM. 
(I,  iLVirdlwrn  rba  Ileum,  Mrrian. ;  b,  Avlcula  (C-aJifianolla)  contorta,  Portlock ;  c,  Pecten  ▼alonleiibii',  Dcfnncc 

111  the  gruut  Gerinun  TrinsHic  1)usin  tlio  (lfix)BitH  arc  as  sliown  in  the  BubjoinctI 
liible : — 


.a 


z 
uc 


Kluutiu  (Infrn-Linn).— Grey  snmly  clays  and  tinc-graiucd  samlstonev,  containing 
JEfjuisctum,  AsplenitcSy  an<I  cycads  (Zamites,  Pteropfn/ihttny,  sometimtt  forming 
thin  seams  of  coal — Citrdium  rhflnticutit,  Aticula  {Cassianella)  ctmUnrtOf  Estheria 
minutaj  I^othosfturuSf  Treniatosaunis,  Belodon,  and  Microlcstcs  antiquHS,* 

lUmte  Keu]KirmergeI,  Gypskeuper. — Bright  red  and  mottled  marls,  with  beds 
of  gypsuin  and  rock-!«alt.  lu  some  places  where  sandstones  api>ear  they^ 
<'ontaln  numerous  jjlants  (JCqinfiium  colnmtkiiVf  Ptcrophyflum^  &c.),  and 
labyrinthoiUmt  and  lish  remains.     :»(«>  to  1000  feet. 

Lettonkohlc,  Kohlenkeu]>er. — Grey  sandstones  and  dark  marls  and  days,  with 
abundant  plants,  Komctimes  funning  thin  seams  of  an  earthy  hardly  worknblo 
coal  (Lettenkuhle).  The  plants  include^  besides  those  above  mentioned,  the 
conifers  Antuctirioxi/ton  thurhitii'.uin,  Volttia  hcierojthyUat  Sic.  Some  of  the 
shales  arc  crowdetl  with  small  phyllopod  Crustacea  (Estheria  mmufci).  Re- 
mains of  fish  (Ccraiochifi)  liTid  of  the  AfafUxfonstittrus  Jcego'ihnre  been  obtained. 
About  230  feet. 


»  llobcrt,  null.  Siic.  Giol  France  (2'  wr.)  xix.  p.  100.    DicuUfait,  Ann,  iSct.  Owl. 
i.  p.  837. 

2  The  Arirula  eoniorta  zone  («co  Dr.  A.  von  Dittinar,  *  Die  Contorto-Zonc/  BfanicJi^ 
IHCA)  raiigoH  from  the  Garpathinns  to  tho  north  of  Ireland  and  from  Sweden  to  tlio  hilliv 
of  liOUibardy.    In  northern  and  western  Europe,  it  fonus  part  of  a  tliin  littoral  or  ihallow— 
water  formation,  which  over  the  region  of  the  Alps  exi^nds  into  a  nuiAilve  oaloareoo^ 
gericin,  that  acrunnilated  in  u  d(H*]K'r  and  clearer  pea.    It  is  well  developed  also  in 
northern  Italy.      S(h?  Stopiwni.  *riwdo<»io  et  Pak^ntologie  dea  ConebeB  k  Avieala 
Cbntortii  en  lionibaniie,'  M\\iw\,  \SH\. 
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'Upper  limestone  (true  Muschelkalk)  in  thick  beds  with  nrgillaceoos  partings.— 
It  abounds  in  organic  remains,  among  which  Nautilus  bidoraatuSf  Lima  stnaUty 
Myophoria  vulgaris,  Trigonodus  Sandbergeri,  and  Tcrebratula  vulgaris  arc 
specially  characteristic,  with  JEncrinus  liliiformis  in  the  lower  and  Ceratitcs 
nodosus  in  the  upper  part  of  the  rock.  It  is  a  marine  formation,  sometimes 
almost  wholly  made  up  of  crinoid  stems.  200  to  400  feet. 
^Middle  Limestone  and  Anhydrite,  consisting  of  dolomites  with  anhydrite, 
gypsum,  and  rock-salt.  Nearly  deroid  of  organic  remains,  though  bones  and 
teeth  of  saurians  have  been  found.  200  to  400  feet. 
Lower  Limestone  (Wellenkalk),  consisting  of  limestones  and  dolomites,  but  on 
the  whole  poor  in  fossils,  save  in  the  limestone  bands,  some  of  which  form 
a  lower  zone  full  of  Encrinus  liliiformis,  while  a  higher  zone  is  characterised 
by  Myophoria  orbicularis,     160  to  500  feet. 

Upper  (Roth). — Red  and  green  marls,  with  gypsum  in  the  lower  part.  250  to 
300  feet.    (Myophoria  costata.) 

Middle. — Coarse-grained  sandstones,  sometimes  incoherent  (  Fo/^«ta-saudstones), 
with  wayboar£  of  Estheria-BhuU. 

Lower. — ^Fine  reddish  argillaceous  sandstone  (Grks  des  Yosges),  often  micaceous 
and  fissile,  with  occasional  intcrstratifications  of  dolomite  and  of  the  marly 
oolitic  limestone  called  "  Rogenstein.'' 

The  Bnnter  dinsion  is  usually  barren  of  organic  remains.  The  plants  already 
known  include  Equisetvm  arenaceum,  one  or  two  ferns,  and  a  few  conifers 
(Albertia  and  Voltzia),  The  lamellibranch  Myophoria  costata  is  found  in 
the  upper  division  all  over  Germany.  Numerous  footprints  occur  on  the 
sandstones,  and  the  bones  of  labyriuthodonts  as  well  as  of  fish  have  been 

\    obtained. 


In  the  Yosges,  the  Banter  (Yosg^ian)  consists  of  (1)  a  lower  coarse  red  unfoesilifcrous 
sandstone  (Grbs  dcs  Yosges)  resting  conformably  on  the  red  Permian  sandstone  and 
marked  by  the  frequent  crystalline  condition  of  its  quartz-grains  (crystalline  sandstone, 
p.  162);  also  by  its  quartz-conglomerates,  which  occasionally  reach  a  thickness  of  more 
than  1600  feet;  (2)  an  upper  series  of  red  sandstones,  surmounted  by  marls,  forming  the 
(hen  higarre,  and  containing  among  other  fossils  Voltzia,  Alhertia,  Eqtiisetum  arenaceinn, 
Myophoria,  Nothosaurus  Schimperi,  Menodan  pUcatus,  Odontosaurus  VolUii,  Mastodon- 
Murus  tcaslenensis.  The  Muschelkalk  in  the  same  region  is  a  compact  grey  limestone 
capable  of  subdivision  into  three  zones,  as  in  Germany,  while  the  Keuper  presents  a 
characteristic  assemblage  of  bright  red  and  green  mottled  argillaceous  marls  (Mames 

Alpine  Trias.' — In  the  western  Alps,  certain  lustrous  schists,  with  gypsum, 
anhydrite,  dolomite  and  rock-salt,  lie  underneath  the  Jurassic  scries,  and  are  referred  to 
the  Trias.  On  the  Italian  side,  they  swell  out  to  great  proportions,  reaching  a  thickness 
of  more  than  13,000  feet  along  the  line  of  the  Mont  C^nis  Tunnel.  Traced  througli 
Piedmont,  they  are  foimd  to  play  an  important  part  in  the  structure  of  the  northern 
Apennines,  where  they  contain  the  celebrated  statuary  marbles  of  Carrara  (p.  577). 
They  have  undergone,  in  tlicse  mountainous  tracts,  extensive  metamorphism,  the 
original  shales  or  marls  being  changed  into  lustrous  schists,  and  the  limestones  into 
crystalline  marbles.  But  even  in  this  altered  condition  Triassic  fossils  have  been 
found  in  them. 

In  the  eastern  Alps,  the  Trias  attains  an  enormous  development,  and  bears  evidence 
of  having  there  originated  under  very  different  conditions  from  those  of  the  Trias  in 


•  "BeneckcAbhandh  Specialkarte  Elsass  Lothriiujen,  1877;  Lepsius,  Z.  Deutsch.  Gcoi 
Gei,  1875,jp.  83. 

•  See  (iilmbel,  *  Geog.  Beschreib.  des  Bayerisch.  Alpen,'  1861 ;  Stur,  *  Geologic  dor 
Bteiermark,'  1871 ;  E.  von  Mojsisovics,  Jahrb.  Geoh  Rf.ichsanstalt,  Yienna,  1869,  1874, 
1875,1880;  Abhandl  Oeol  ReichsanstaU,  vi.  (1875)  p.  82;  Verhandl  Geol.  BeicJisansinlt. 
1879,  p.  183;  and  •  Dolomitriffe  Siidtirols  and  Yenetiens,'  1878 ;  also  memoirs  l)y  Hicht- 
hofen,  Yon  Hauer,  Laube,  Silss,  and  others  in  the  Jahrb.  Geol.  llnchmmtnU. ;  Yon 
I&iicys  •  Gcologie,'  p.  358,  et  seq. 
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Germany.  Tha  great  thickneM  of  iti  limeskinee,  and  their  unequiTockUy  ratdne 
urt^DumB,  show  that  it  nnat  have  scoumuleitcd  in  opener  wnter,  which  remained  eleu 
nnd  oomparfttiTcly  trcA  from  inroads  of  sandy  and  maddj  sediment.  Some  of  tlw 
dolomite  masses  ma;  hare  been  eoral-reefii ;  Mojaisovict  even  belieTca  that  in  tlw 
L'onglomemtio  portions  he  can  detect  traces  of  the  breaker^ction  by  which  tlte 
reefs  were  ground  down,  while  the  thin  dolomiUa  were  deposited  in  the  lagoant. 
These  rocks  possess,  moreoTer,  a  high  interest  as  being  a  massiTo  formatkn  of  marine 
origin  deposited  botwevn  Pennian  and  Jurassie  times,  and  containing,  as  already  staled, 
a  remarkublc  blending  of  true  Falmozoic  organisms  with  others  aa  charaoteristic- 
ully  Mesozoic.     Inclndicig  tho  BbtEtic  deposits,  tho  system  is  divided  into  three  great 


i-  S  I  s  s 


KilBsen  Uila  (Gervillia  beds,  Aiinroln  group  of  Lomlmrdy). — Dart  marly 
■hales.     Koailis  chiefly  iraall  Ismellihriinchs  ind  briichia|iods. 

Dachttfin  Limestons  (Megalodui-kalk). — Large  ipuiHe*  of  MegaIod*3; 
game  lieili  arc  coral-reefs  ;  certain  limestone  bands  (Starhemberg-bedi) 
are  crowded  with  fonils,  especially  braehiujiods  like  those  of  the 
KSiueii  bols. 

IMrhatein    Dolomite    (Hauiit    Duh'iiiit,   Oppenitirr    Dolomit,    Secfelder 

Dolnmil,  Dniomia  media  of  Hair),— A  pale,  veil-bedded,  tinely  ayt- 

tallioe  rock,  aplittJnf;  into  angular  fragmenta  in  weathering,  uiuJIt 

unrosailiferous,  bat  where  it  jiasMs  into  limeitone  SDmetimes  full  ef 

,     large  bivalTcs  {Mt.jidodHt  triqaetrr). 


n_dy,« 


Hy 


icka, 


Jill 


,   -     — ,  coropriung  in 
lervut  localities  the  following  groU]H  uf  strata — 

I'ardila  beds,  with  numerous  fMsils.     Umatone-Aln*  of  Korth 

Tyrol. 
Goruo  and  Dossena  beds.     Lomlmrdy  Alps. 
l(aibl-beda — shales,  marls,  &c.,  comjirisisg  abandsnt  organitms 
(plants,  crustaceans,  ceplmlopods,  tishes);  Southern  Carinthia. 
aeries  of  caUareoos  and  dolomit ic  rocks,  with  xaiT- 
;  local  development — 

FUlwIien  Limestone,  containing  fossils  like  those  of  the  Haltitatt 

Limestone. 
Ilallilatt  Limestone—a  reii  and  mottlwl    marble   which  in  Ibe 
Salrkammergut  lies  on  the  ZInuibach  beds.     Its  fossils,  chiefly 
cephalopods,  some  of  them  of  gigantic  aiie,  are  among  the  mcst 
interesting  of  tlie  Alpine  Trias. 
.     Wettrrstein    Limestone  and  Dolomite,  in  Korth  Tyrol  and  tha 
Itararian  Alps,  lying  on  the  I'artnach  beds. 
Kaino  Limestone,  characterised  by  its  lirge  gasteropoda,  nameroBi 

liimetlibraiichs,  sad  cephnlopods. 
Schlera  Dolomite,  a  white  sacchnroid  rock,  coDtaining  ebiedy 
foraminifera,  32B0  feet  thick,  funning  pictureaqae  gronia  ef 
mouDtains  {Diflojiora  cooadala,  Chemnitiia,  Katka), 
series  of  shaly  and  marly  formations— 
Lanz  beds,  containing  seams  of  coal  nnd  abundant  terrestri^ 
plnnU,  ™i  forming  the  only  known  fresh-water  group  in  the 


«p|*r  Aipi 
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PartDich  beds,  dark,  poorly  fossiliferous  shales. 

Zlauibach  beds — marls  and  horn  stone-like  limestone,  conlaining 
an  abundant  fauna  with  large  cephalopoda,  lamellibnncha,  and 
numerous  com  Is. 

St.  Casiian  bula — calcareous  marls  lying  at  St.  Castian,  South 
Tyrol,  above  the  Wengen  beds,  and  marked  by  their  eilra- 
ordinarily  rich  fauna  (37  ammonites,  3  orthoceratitea,  20S 
gasterojHidB,  70  lamellibranchi,  a3  brachiopods,  29  echini,  10 
crinoids,  42  corals,  and  .10  sponges  are  described). 

IVengen  beds— dark  shales  and  tuff^andstones  with  DacmeBa 
{lialUiia)  Lommrllii,  i'oiiilonomi/n  iwnjeiww,  and  Ammonites  of 
the  TrjchycKna  group,  re.aing  oo  the  tufncenns  and  riliceou 
Uuchentt«ia  beds. 
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f2Dd.  Virgloriii  Limestone  (Wellenkalk)  or  Alpine  Muschelknlk 
— «  series  of  limestones  and  dolomites  composed  of  tlie  following 
groups — 

6.  Cephalopod  Limentone  (Reiflinger  Kalk),  with  numerous  cepha- 

lopods  {Ammonites  {Arccstes)  iStuden\  Ccratites  binodosiis). 
a,  Brachiopod   Limestone   (Recoarokalk),  distinguished    hy  the 
number    of    its    brachiopods    {Hctzia   triyoncUa^    Spiriferina 
Mentzdif  &c,), 
Ist.  W e r f e n  (G r Ud e n)  Sandstones  and  Gutten stein  J^ime- 
stone  (Seisser,  Compiler  Schichten).     {Pleuromya  fiissacnsif,  Post' 
donomya  Claraif  Avtcuta  tkmctianay  Xaticclia  costata,  Turbo  rctecostcttus, 
Ograties  cassianttSy  Sic.)    These  beds  may  be  paralleled  with  the  Rdth 
or  uppermost  division  of  the  German  Bunter. 

The  lower  divisioii  of  the  Alpine  Trias  ranges  tliroagh  nearly  the  whole  monnfain- 
shain*  presenting  everywhere  the  same  general  petrographical  and  palieontological 
choruoters.  Hence  it  has  been  an  inTalnable  datum-line  from  which  to  unravel  the 
Domplicaied  stmoture  of  that  region.  The  overlying  bods  present  much  grcater 
diversity.  According  to  Mojsisovics,  they  bear  evidence  of  very  different  physical 
conditions  in  adjacent  areas  during  their  accumulation.  He  recognises  a  particular 
fades  of  sedimentation,  with  corresponding  palseontological  peculiarities,  in  tlie 
Balzkammergut  (Juvavian  province),  and  another  facies  throughout  the  rest  of  the 
aastcm  and  southern  Alps  (Mediterranean  province). 

One  of  the  most  notable  features  in  the  Trias  of  the  eastern  Alps  is  the  evidence  of 
great  activity  in  the  extravasation  of  eruptive  rocks  contemporaneously  with  and  poste- 
rior to  some  of  the  Triassic  beds  of  tliat  region.  These  features  are  well  displayed  in  the 
celebrated  district  of  Predazzo  in  tlie  Tyrol.  In  the  centre,  lies  a  core  of  tourmaline 
granite,  with  an  envelope  of  syenite  by  which  the  now  familiar  phenomena  of  contact 
metomorphism  have  been  produced.  With  theso  eruptive  masses  are  associated  bosses  and 
dykes  of  augite-porphyry,  melapbyre,  and  orthoclase-porphyry,  which  cut  through  both 
tho  central  eruptive  core  and  the  surrounding  Triassio  rocks.  Tuffs  and  sheets  of  augito- 
porphyry  are  interstratified  with  the  Upper  Triassic  sedimentary  rocks,  and  cap  some  of 
the  peaks.  At  Monzoni,  also,  in  the  same  region,  similar  phenomena  arc  presented, 
where  a  central  boss  of  augitc-syenito,  traversed  by  veins  of  gabbro,  melaphyro,  &c.,  cuts 
across  the  Triassic  beds  (ante^  p.  562). 

Scandinavia. — While  the  eastern  Alps  bear  witness  to  tho  site  of  tho  open  sea 
of  Triassic  time,  and  central  Germany  and  Britain  to  that  of  tho  inland  salt-lukes, 
the  southern  part  of  Scandinavia  brings  before  us  traces  of  some  of 'tho  woodlands  and 
jangles  of  the  terrestrial  surface  of  tho  period.  Abovo  reddish  saliferous  ix)cks,  pro- 
somably  Triassic,  there  come  in  southern  Sweden  certain  light  grey  and  yellow  strata, 
which,  from  the  occurrence  of  Avicula  contorta  and  other  fossils  in  tliem,  arc  assigned  to 
tho  Rhntic  stage,  though  possibly  their  higher  members  may  bo  Jurassic  They  attain  in 
some  places  a  thickness  of  500  to  800  feet,  and  cover  about  250  squaro  miles.  They  havo 
been  divided  into  a  lower  fresh- water  group,  with  workable  coal-seams,  but  no  marinu 
fossils,  and  an  upper  marine  group,  with  only  poor  couls,  but  with  numerous  marine 
organisms,  (^Ostrea,  Pedetif  AviaHuy  &c.).  In  the  coal-bearing  strata  clay- ironstone  s  occur, 
and  seams  of  fireclay  imdcrlio  tho  coals.  Nathorst  and  Lundgrou  have  brought  to 
light  150  species  of  plants  from  these  beds — a  larger  number  than  the  whole  of  tlio 
Triassic  flora  of  other  countries.  At  Bjuf  they  include  30  8i)ocies  of  ferns,  30  cycads, 
15  conifers,  and  1  monocotyledon.* 

»  See  He'bcrt,  Ann,  Sci.  GM.  18G9,  No.  1 ;  Butt.  Sac.  (iioJ,  France  (2),  xxvii.  (1870), 

■b^>.  mm-  •  »•»  r-»         »  '      ^  J      »T _^      O I 1^1 ^T      it  i      il    *-v  Ttll 
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Eyeii  as  far  as  Spitzbcrgcn,  Triassic  strata  of  Alpine  typo  have  been  met  with;  They 
coimist  chiefly  of  dark  shales  and  limestones,  and  have  yielded  Monotis  sp.,  Halcbia 
TAjmmelUijH.  Zitteli,  Cerntites  MahngreniijXautilmNordeMkidldii,  Ammoniteg  Chfftanu 
AcroiJus  spitzbergensiSj  Ichthyoeauras  polar i«t  l^NordentkiSldii} 

North  America. — Kocks  which  are  regarded  as  equivalent  to  the  European  Trial 
cover  a  large  area  in  North  Americn.  On  the  Atlantic  coast,  they  are  found  in  Prince 
Edward's  Island,  New  Brunswick,  and  Nova  Scotia;  in  Connecticut,  New  York,  Penn- 
sylvania, and  Nortli  Carolina.  Spreading  over  an  enormous  extent  of  the  western  terri- 
tories, they  cross  the  Bocky  Mountains  into  California  and  British  Columbia,  They 
consist  mainly  of  red  sandstones,  passing  sometimes  into  conglomerates,  and  oflea 
including  shales  and  impure  limestones.  A  distinction  may  be  drawn  between  tbe 
system  as  developed  in  tho  eastern  and  central  parts  of  the  continent,  on  the  one  band, 
and  aloDg  the  Faoiflo  slope,  on  the  other.  In  the  former  wide  region,  the  locks,  evidently 
laid  down  in  inland  basins,  like  those  of  the  same  period  in  Europe,  are  remukaUf 
barren  of  organic  remains.  Their  fossil  contents  include  remains  of  terrestrial  vegetatioo, 
with  footprints  and  other  traces  of  reptilian  life,  biit  with  hardly  any  indicatioDs  of  the 
presence  of  the  sea. 

The  fossil  plants  present  a  geneml  facies  like  that  of  the  European  Triassic  flat; 
among  the  cycads  are  some  of  the  European  species  of  PterophyUum,    Ferns  {Peeopteriti 
Neuropttris,  ClathropterU),  calamites,  and  conifers  are  the  predominant  forms.    Tbe 
faiina  is  remarkable  chiefly  for  the  number  and  variety  of  its  vertebrates.    The  laly- 
rinthodonts  are  represented  by  footprints,  from  which  upwards  of  fifty  spectes  have 
been  described.     Saurian  footprints  have  likewise  been  recognised;  in  a  few  cases 
their  bones  also  have  been  found.    Some  of  the  vertebrates  had  bird-like  characteristia^ 
among  others  that  of  three-toed  hind  feet,  which  produced  impressions  exactly  like 
those  of  birds  (p.  7G1).    But,  as  already  remarked,  it  is  by  no  means  certain  that  whftt 
have  been  described  as  ^*  omithichnites  *'  were  not  really  made  by  deinosaurs.    The 
small  insectivorous  marsupial  {Dromatherium)  above  referred  to,  found  in  the  Triu 
of  North  Carolina,  is  the  oldest  American  mammal  yet  known. 

On  the  Pacific  slope,  however,  a  very  different  development  of  tho  Tries  occurs.  TTie 
strata  are  estimated  to  attain  a  thickness  of  sometimes  as  much  as  14,000  or  15,000  foet 
They  contain  distinctly  marine  organisms,  which  include  a  mingling  of  such  FaUeoioie 
genera  as  Sjnn/era,  OrthoceraSf  and  Goniatiies,  with  characteristically  Secondary  fbnitf 
as  ammonites  {Ceraiit^  Haidingeri,  Ammonites  ausseanusj  &c,)  and  bivalves  of  the 
genera  Hidohia,  Monotis,  Mijophorfa,  &c. 

Asia.— The  Trias  has  a  wide  extension  in  this  continent.  Strata  with  (Vm- 
iiks  and  Ortlioceras  occur  in  Bcloochistan,  and  in  tho  Salt  Bangc  of  the  Panjianb.  In 
northern  Kashmir  and  western  Tibet  a  well-developed  succession  of  Tiiassic  fonns- 
tions  occurs  among  tho  Himalayan  ranges,  sometimes  exceeding  40OO  foot  in  thickneSb 
It  contains  many  of  the  same  species  of  fossils  as  occur  in  the  Alpine  Trias.  Some  of 
its  forms  are  Ammoniteif  floridus,  A.  diffusiis,  Hcdcina  LommelUi,  Monoiu  taliMria, 


Lundgren,  Gcol  Fdreu.  Stockholm  Fvrh,  1880.  v.  No.  6,  where  the  following  grouping  i^ 
the  Swedish  llhrotic  series  is  given  : — 

Arieten-Lias. 

Canlinia  Lias. 
Younger  Uhajtic.  Z4)iie  of  Nilssonia  jXfli/morpha, 

'Pullastra  bed. 

Zone  of  Tliaumatopttris  SchetUti, 

Zone  of  Equisctnm  tjracile. 

Zone  of  Lepidopteris  Ottonis. 
Older  Rha?tic      .   Zone  of  Cnmptoptcris  spiralis, 

Keuper. 

A.  E.  Nordcnskio'.d  Gcol  Mag,  1870,  p.  711. 


Uhajtic 
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Megalodon  iriqueter,  while  the  freshwater  Karharhdri  beds  near  the  base  of  the  Gond- 
waua  series  of  peniusular  India  contain  a  Buntcr  assemblage  of  plants,  including  VcHtzia 
heUropliyUa  and  Albertia  (near  A,  speciosa) ;  >  also  several  cycads  (Gloe80zamite$,  Zamid) 
and  a  number  of  ferns  {NeuropUris^  GangamopteriSy  GloMopteriSy  Sagenopteris),  It  has 
been  already  observed  that  some  of  these  types,  which  were  belieyed  to  be  exdusively 
MesoBoic,  occur  in  Australia  associated  with  a  Carboniferous  liimcstone  fauna  (^ante, 
p.  747).  The  Talohir  group  contains  boulder-bcds  that  may  indicate  glacial  action  in 
Triassio  or  Permian  time.  Tlio  Damuda  group,  which  comprises  nearly  all  tlio  coal-fields 
of  the  Indian  peninsula,  contains  a  rcmarka1>le  flora,  distinguished  by  the  abundance 
of  ferns  (CrfoMopfem,  Gangamopterist  Sagejiopteris^  Tamiopieris,  &c.),  and  by  its  mingled 
Palieozoic  and  Mesossoio  characters.  The  Panehet  group,  crowning  the  lower  Gondw^na 
system,  is  composed  of  sandstones  with  bands  of  red  clay,  the  whole  having  a  thickness 
of  1800  feet,  and  yielding  the  Rha)tic  ferns  Pecopteris  concinna  and  Cyclopteris  pachy- 
rhachis,  the  Triassic  and  Bhastic  genus  of  horse-tail  Sdiizoneura ;  the  labyrinthodonts 
GoRwgltfptus  and  Fachygonia,  allied  to  Triassic  forms ;  Dicynodan,  which  occurs  in  the 
probably  Triassio  '*  Karoo  beds  ^  of  Southern  Africa ;  and  a  deinosaur  (^AnciHrodon).^ 

Australia. — In  New  South  Wales  a  group  of  yellowish-white  sandstones  (Hawkes- 
bury  beds)  about  1000  feet  thick  lies  uncouformably  upon  the  coal-bearing  strata 
referrcil  to  the  Permian  period.  This  group  forms  the  picturesque  cliffs  aroimd  tho 
coast  of  Port  Jackson,  and  has  furnished  the  building-stone  for  the  principal  public 
buildings  in  Sydney.  It  has  yielded  a  number  of  plants  (chiefly  the  fern  Thinnfeldia 
odontopieroidea,  with  Phytlotheca  and  stems  of  trees);  also  the  fishes  Myn'olepia  Clarkei 
and  Cleithrolepis  granulatus,  but  no  marine  shells.  On  the  denuded  surface  of  tlieso 
nndstones  lies  a  group  of  shales  (Wianamatta  beds)  with  abundant  plants,  chiefly  ferns, 
sometimes  aggregated  into  thin  seams  of  coal  {Thinnfeldia,  Odoniopteris,  Pecopteris, 
Miacroi«niopteri$,  PhyUotheca).  These  two  groups  of  strata  are  with  some  hesitation 
referable  to  the  Trias.' 

STew  Zealand. — Under  tho  name  of  Trias,  Dr.  Hector  groups  a  great  thickness  of 
stnita  divisible  into  three  series.  (1)  The  Oreti  series— a  thick  mass  of  green  and  grey 
tuff-like  sandstones  and  breccias,  with  a  remarkable  conglomerate  (50  to  400  feet  thick) 
containing  boulders  of  crystalline  rocks  sometimes  5  feet  in  diameter,  found  both  in  the 
Xorth  and  South  Islands ;  fossils,  chiefly  Permian  and  Triassic,  but  witli  a  Pentacrinus 
like  a  Jurassic  species.  (2)  Above  these  beds  lies  the  Wairoa  scries,  containing  Monotis 
Mlinaria,  Halolbia  LomnieUii,  &e.,  and  also  plants,  as  Glomtpterii,  Zamitts,  &c.  (3)  The 
Otapiri  scries,  which,  from  the  commingling  of  fossils  nearly  allied  to  Jurassic  species 
with  others  which  are  Triassic  and  some  even  Permian,  and  from  the  presence  of  many 
forms  identical  with  those  of  the  Rha)tic  formations  of  the  Alps,  is  assigned  to  the  Upi)er 
Trias  or  Bha)tic  division.'* 


Section  ii.    Jurassic. 

Tho  ixysitiou  of  this  great  series  of  fossiliferotis  rocks  was  first 
recognised  in  the  geological  series  in  England  by  AVilliam  Smith,  and 
received  the  name  of  "  Oolitic  "  from  tho  fre(j[uent  and  characteristic 
oolitic  structures  of  many  of  its  limestones.  Lithologieal  names  being, 
Lowcver,  objectionable,  the  term  "  Jurassic,"  applied  by  the  geologist* 
of  France  and  Switzerland  to  the  great  development  of  the  rocks 
among  tho  Jura  Mountains,  has  now  been  universally  adopted, 

»  Medlicott  and  Blanford*s  *  Geology  of  India,'  pp.  xlvi.  114, 

»  Op,  cit,  p.  131, 

»  C.  S.  Wilkinson, '  Notes  on  Geology  of  New  South  Wales,*  Sydney,  1882,  p.  53. 

♦  *lIaud)x>ok  of  New  Zeahuul,'  p.  33. 
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§1.  General  Oharaoters. 

JuraaBic  roaks  liavo  been  rect^ised  over  a  large  part  of  the  irorld. 
But  thoy  no  longer  preeent  that  general  uniformity  of  lithological 
character  so  marked  among  the  Palscozoic  systema.  The  onit*  of  vxskt 
changes  as  it  passes  from  England  across  France,  and  is  replaced  by  t 
distinctly  different  type  in  Northern  Germany  and  by  another  in  tlw 
AlpB.  If  we  trace  the  system  farther  into  the  Old  World  we  find  it 
presenting  still  another  aspect  in  north-weatem  India,  ivhQo  in 
America  the  meagre  representatives  of  the  European  development  hxn 
again  a  facioa  of  their  own.  Hence  no  generally  applicable  petrogn- 
phical  characters  can  be  assigned  to  this  part  of  the  geological  record. 


S3 — Jnnualc  Fcnia  (Lower  Oulllf). 

a.  Sjihtiiorteriii  IricliiMniiuMeH,  Broiign.  i  ft,  TeiilDntnlA  mnjnr,  I.iiHll.  ind  Halt.  (() ;  c  Peco|*riskiiW* 
l.liidl.  ond  Hud.  (n»l.  tiK  Mid  mng.) ;  d,  l'Ul6l«|rtcrti  puljp*lm4«i,  DfuDB"-  (n"-  »1»  uH  raifj 

The  flora  of  the  Jurassic  period,  so  far  as  known  to  us,  was 
essentially  gymuoBpermous.'  The  Talasozoic  forms  of  vegetation  trw»- 
able  np  to  the  close  of  the  Fennian  system  are  here  absent.  Equi- 
Botums,  so  common  In  the  Trias,  are  still  abundant,  one  of  them  {S- 
arcnarcum)  attaining  gignntic  proportions.  Ferns  likewise  contJiii» 
plentiful,  somo  of  the  chief  genera  being  Aklhapterig,  Sj^ieriopKrii, 
Fhlebopleris,  and  Ohmdridittm  (TBRniopkrit).  Tlie  Cycada,  however,  bib 
the  dominant  forms,  in  species  of  Zatiiiles,  Pterophyllum,  Anomoiamilfh 

TIjo  cnliro  known  Jumsfiie  flora  of  Britain,  up  to  tlie  top  of  the  PortlandUn  rt«e. 
IB  comprisod  in  CSgeDomend  191  ipcciea— doubtloasnmerc  fraeincnt  of  tlie  whole fl^** 
oi  tuo  npnrif].  ^ 
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Pleroiamites,  Dioonitet,  Podotamiles,  S^henozamifca,  Glonozamitet,  Olotamitea, 
Cgeadileg,  Claihraria,  Cyeadoidea,  Zamioatrobat,  Beania,  Cgeadotpadix, 
Gyeadinocarpus.  Conifors  also  are  found  in  soino  niiiii1)6ra,  particularly 
Arancariaus  of  the  genera  Pnchyphi/Uum  and  Araucaria,  alfio  Pinilet, 
Peuee,  BTachtfphyUam,  and  Thuyite».  This  flora  appears  to  have 
flourished  luxuriantly  even  as  far  north  oe  Hpit7.lkcrgen,  whero  the 
lai^  number  of  oycads  gives  an  almost  tropical  aepoct  to  the  Jnraeeio 
vegetation  of  this  Arctic  island.' 

The  Jnrassio  fauna  ^  presents  a  far  more  varied  aspect  than  that 
of  any  of  the  preceding  systems.  Owing  to  the  intercalation  of  numerous 
fresh-water,  and  sometimes  even  terrestrial,  deposits  among  tho  marine 
formations,  traces  of  tho  life  of  the  lakes  and  rivers,  as  well  as  of  tlie 
land  itself,  have  heen  to  some  extent  cmhalmod,  besides  the  prb]^>oii- 
derant  marine  forms.    Tho  conditions  of  sedimentation  hare  likewise 


Fig.  384.— JnniMlcC^Pisda  (Ltnnr  Oolite). 


been  favourable  for  the  preservation  of  o  succession  of  varied  phnscs 
of  marine  life.  Professor  Phillips  has  directed  attoiition  to  tlio  remark- 
able ternary  arrangement  of  tho  English  Jurassic  series.^  Argillaceous 
sediments  ave  there  succeeded  by  arenaceous,  and  these  by  ciilcaroous, 
after  which  tho  argillaceous  once  more  recur.  No  fewer  fhau  five  repe- 
titious of  this  succession  are  to  bo  traced  from  the  top  of  tho  Taas  to  the 
top  of  tho  Portlandian  stage.    Kuch  an  alternation  of  sediments  points 

'  O.  Hccr,  K.  Srrntk.  Vtf.  Ahad.  Itanin.  xiv.  No.  5,  p.  1. 

*  Tlio  total  known  Juroaiiic  fauna  of  Brilain,  up  to  tnc  tup  of  tlic  PoitlniidtnD  elngn. 
tncliidi'S  150  gononi  anil  4297  spcciea,  wliicli  ia  likswiBc  but  a  small  proportion  of  tho 
wliole  oiiginal  fauna.    Etiivridgc,  Q.  J.  Gtol.  Six.  1862,  AiUrcBd. 

»  'GcologyofOxforUshirc,'*e.,p.393. 
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to  interrupted  depresaion  of  the  sea  bottom '    It  permitted  the  growth 
nnd  preservation  of  differeut  kiiide  of  marme  oiganisms  in  snocenton 


over  the  Hame  areas  — at  o  e  t  mo  Band  1:  n  kp    f  llowed  hy  a  grovtli 
of  coral  reefn   nitl    akni  dnnt  sea  urch  on  a   1  shelle,  and  then  hj  an 


6.— Ll»»  Crin 

If.  (side  view 

b,  ExlruTlnui>  briirruK,  MJII.  (t). 

inroad  of  fine  mud,  wliich  dcBtroyed  tlio  coral-roefM,  but  in  which,  M 
it  sank  to  tho  bottom,  the  abundant  cephalopoda  and  other  mollnBkBof 
the  time  were  ftdmirnbly  preeer\'ed. 
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A  ohaiaoteriBtic  feature  of  tlio  Jurassic  fauna  is  the  abundance  of  its 
beds  or  reefs  of  ooraL  Duripg  tho  time  of  the  Corallian  formation,  in 
particular,  the  greater  part  of  Europe  aiipcarB  to  have  been  submerged 
beoeath  a  ooral  sea.  Stretcbiag  throngh  England  from  UoraetsUre  to 
Totkehire,  these  ooral  accumulations  have  been  traced  across  tho 
Contineiit  from  \0rmand7  to  the  HediteiTanean,  and  through  the  east 
of  France  and  the  whole  length  of  the  Jura  Mountains,  and  along  tho 
flank  of  the  Swahiau  Alps.  The  corals  belonged  to  tho  genera  Isaslreea, 
Tkantnaatreea,  Tkeco«milta,  Sfcnilliraltla,  &q.  (Fig.  3G5).  I<]chinodennB  were 
abimdant,  particularly  crinoids  of  the  genera  PentarHnus,  E^rtracyhniR 
(Fig.  366),  and  Apiocrinvs,  Among  these  the  multiplication  of  iden- 
tical or  nearly  identical  parts  reaches  a  climax  in  tho  Exlracriwiit 
biiareus,  whioh  is  estimated  to  have  possessed  no  fewer  than  600,000 
distinct  OBsicles.  There  wore  likewise  aoveial  forms  of  star-fishes, 
and  numerous  urchins,  among  which  tho  genera 
Acrosalenia,  CidarU  (Fig.  367),  Biadema,  Erlino 
hrUaiu,  Hemipedina,  PsevdMiadema,  Clypeua,  Pi/gagla , 
and  Pygwnu  were  conspicuous.  Folyzoa  of  creep  , 
ing,  foliaceouB  and  dendroid  types  abound  on  many 
horizons  in  the  Jurassic  system.  They  include 
Bomoextinctforms,butalBosome(i)i(i>'(<3J"i«,  jl'fc/")  3,j_j  nwOcL'.ii 
which  have  survived  to  tho  present  time.  They  ci<i!ri.it«ig*ln,..n,m.'('o 
occur  plentifully  in  the  Pea-grit  beds  of  tho  Infe-  Cmiito, 

rior  Otdite  near  Cheltenham,  and  Forest  Marble 
near  Bath,  and  still  more  abundantly  near  Itlotz  and  near  Caen.'    The 
brachiopods  so  far  as  known  are  chiefly  species  of  Bhynchonella  and 
Terehratala  (Fig.  369)  ;   the  last  of  tho  ancient  group  of  Sjiirifere  and 


Vig.  3M.— Uu  BniclilDpnli. 
0,  Lrptmu  Uoonl,  Dit,  (n4t.  nlu  tM  enUrfrd) ;  li,  Splrircrir 


of  the  genns  Lt-pteena  (Fig.  368)  disappear  in  tho  Lias.    Among  tho 
lamellibranchs  some  of  tho  more  abundant  genera  are  Amrida,  QfrriUia, 
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FI^N  310.— LlMxiu  Uuiolli 
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Qrgpktea,  Eto^yra,  Lima,  Manotis,  Oatrea,  Pecien,  Pinna,  Aatarie,  Cardinia, 
Gvdiunt,  Qreadya,  Hippopodium,  Modiola,  Myae'ttei,  Pholadomya,  and  Tri- 
jOKta.  Some  of  these  genera,  particularly  the  tribe  of  oyeters,  are 
jpecially  charaoteriatic  :  Gn/pTieea,  for  example,  occurring  in  such  num- 
ben  in  Bomo  of  the  Lias  limeBtones  as  to  Buggoet  for  these  strata  the 
name  of  "  Gryphito  Limestone."  Different  species  of  IWyonia,*  a  genus 
ao\r  restricted  to  the  Australian  seas,  are  likewise  distinctive  of 
horizons  in  the  middle  and  upper  part  of  the  system.  Many  of  tho 
most  abundant  gaateropods  belong  to  still  living  genera,  aa  Cerilhium, 
ffatiea,  Purpura.  But  the  most  important  element  in  the  moUuscan 
fauna  was  undoubtedly  supplied  by  the  eephalopods.  In  particular,  tho 
tetntbranchiate  tribe  of  Ammonites  attained  an  extraordinary  exuber- 
ince,  both  in  number  of  individuals  and  in  variety  of  form  (seo  Figs. 
386—390).  The  dibranchiate  division  was  likewise  represented  by  species 
sf  cnttle-fish  (^Teudoptit,  SeloleuthU,  Sepia,  but  particularly  Beletanileg, 
which  is  the  preponderating  type),  Ko  contrast  can  be  more  mnrked 
than  between  the  crustacean  fauna  of  the  Jurassic  and  that  of  the  older 
lystems.    The  ancient  trilobites  and  euryptcrids,  as  remarked  by  Phillipp, 


Fig.  371.— LowfrC 
a,  MoctOiUunmert,  Dctr.;  fr,  TrigoaUI»vl^  Lun.  (|);  (,  HjUlu  goircrltfmiu,  0*0111 


(1)- 


are  here  replaced  by  tribes  of  long-tailed  ten-footed  lobsters  and  prawns, 
and  of  ropresontativcB  of  our  modern  crabs. 

Here  and  there,  particularly  in  the  Jurassic  series  of  England  and 
Switzerland,  thin  bands  occur  containing  tho  remains  of  terrestrial 
insects.  Tho  nouropterous  forms  predominate,  including  remains  of 
dragon-flics  and  mayflies.  There  are  also  cockroaches  and  grasshoppers. 
The  elytra  and  other  remains  of  numerous  beetles  have  been  obtained 
belonging  to  still  familiar  typos  (Cureulionidas,  Elateridee,  Melolmtlildse). 
The  wing  of  a  butterfly  (Palmemtina  ooliflra)  obtained  from  tho  Stones- 
field  Slate  is  interesting  as  being  the  oldest  known  butterfly.  Its 
nearest  living  allies  arc  essentially  tropical  American  forms.'     Some  of 

'  This  genus  nlTiirdd  an  iDstructivo  ciamplo  oF  tlic  romnrkable  chuii;^oFfomt  which 
•ome  gL-nera  of  alielU  Lnvu  iwdorgono.  See  Lycetl'ii  monognipU  on  Trigouia,  Palaan- 
U)Qraph.  Svc. 

'  A.  G.  Butler,  Geol.  M.ig.  x.  (1373).  p.  2 ;  L  2od  sor.  (1S74),  p.  4!6.  Sonilder,  Froc. 
BoUon  Sac.  Nat.  Uiil.  xvi.  ( 1  Sli)  p.  1 1 2. 
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the  more  importaut  genera  of  finlies  are  Aerodvg,  JEthmoduB,  Bapediw^,^^ 

Hgbodus,  Lepidolu*,  Leplolepia,  Pholidophorua,  PgenodHi,  SaurieAtkjfi,  Semio _ 

nolae,  Stiejihodas,  Isehijodug.'- 

The  most  impTosaivo  foaturo  in  the  life  of  tho  Jurasaio  period  u  tb^^  ^ 
abimdauco  and  variety  of  tho  roptilian  fomiB.     Ucsozoic  time  haa  bee^^  .j. 
termed  tho  "  Ago  of  Keptiles,"  for  it  witnessed  the  maximnm  deTelo[rr-^ 
ment  of  reptilian  types,  with  the  rise  and  growth  of  whole  orders  <— ~^^j. 
reptiles  which  liave  long  since  hecn  extinct.     The  first  true  turtles  800^^—-^ 
to  havo  made  their  appearanee   during  this  period.     Numeroos    fra^^^ 
mentis  of  lacertiliau»  Ikave  been  ohtained.    The  bones  of  Tarioua  cnx^.^^ 
dilian  genera  occur,  euch  as  Teleomurtit,  Steneotaunu,  and  Goniiipho^^'^ 
Teleognitrii*,  found  in  tho  Yorkshire  Lian  and  the  Stonesficld  Slate,  yra^^^ 
true  carnivorous  crocodile,  measuring  about  18  feet  in  length,  and       ^ 
judged  by  Phillips  to  have  boon  in  the  habit  of  venturing  more  fre^^j,. 
to  sea  than  the  gavial  of  tho  Ganges  or  the  crocodile  of  the  Nile.      f>/ 
the  long-ostingt  reptilian  types,  one  of  the  moat  remarkable  was  tha-t  p/ 
the  cnnliosaurs  or  sea-lizards.     One  of  these,  the  Ifhihgomunu  (Pig.  377, 


F^.  3IJ.— Middle  OoliUc.UmelUtirtiiiilu. 
n.O!tmliu(elLiU,Scblolb.  (t)i  t^  Trlgoiil*  cUTcUkU,  Sbr- <)) 

o),  was  a  creature  with  a  lish-liko  body,  two  pairs  of  strong  Bwiinii>i''B 
[Middles,  probably  a  vertical  tail-fin,  and  a  head  joined  to  tho  Wy 
without  any  distinct  neck,  but  furnished  with  two  large  eyes,  having  ^ 
ring  of  bony  plates  round  the  eyeball,  and  with  teeth  that  had  "" 
distinct  sockets.  Some  of  the  skeletons  of  this  creature  exceed  24  fe*' 
in  length.  Contemporaneous  with  it  was  the  Plemogaurut  (Fig.  377,  &> 
distil  I  gnifihed  by  its  long  neok,  the  larger  size  of  its  paddles,  the  saiallfi 
size  of  its  head,  and  the  insertion  of  its  teeth  in  special  aooketm  *^ 
in  tho  higher  saurians.  These  creatures  seem  to  have  haunted  tl* 
sliallow  Liassic  ecaa,  and,  varying  in  species  with  the  ages,  to  h*^ 
survived  till  towards  the  close  of  Mesozoic   time.'    Another  gewn, 

I  For  a  list  of  Liowic  fiiibeB,  see  memoir  by  H.  E.  Sauviwe,  .^nn.  Setenett  Q«i' "' 

'  t)ii  iho  diHtribntioii  of  the  FlotioKHira  see  a  table  by  G.  P,  Wliidborno,  Q.  /■  *''"■ 
,'«'<•.  I8SI,  11.480. 
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PluMaunu,  related  to  the  last-uamed,  was  iliBtingnishabla  from  it  by  the 
shortneaa  of  its  neck  anil  the  proportionately  krge  sizti  of  its  head. 
Another  extraordinarj-  reptilian  type  was  that  cf  the  pterosaurians  or 


Ffa.  »3.— Upper  OdIIIIc  LuDelUhnncK*. 


flying  reptilos,  which  were  likowiBo  peculiar  to  Mbbozdio  time.  Tlioee 
huge,  winged,  bat-like  oreatnres  had  larj^e  heads,  tocth  in  distinct  Bockets, 
eyoa  like  the  IcMiynmurua,  ouo  fiiifror  of  each  fore-foot  prolonged  to  a 


I'll.  314.— JUtlMlC  QuteTUpuill. 

a.  Lyt  tl-oww  OuUte)  J  b.  S«1ta  ™>luku.  Ilptli.  (lawtr  Ooliii-, 


inli.  (Iawct  I 

great  length,  for  the  pnrpose  of  supporting  a  mombrano  for  flight,  and 
bones,  like  those  of  birds,  hollow  and  air-fiUcd,^    The  beat-known  genns. 


'  Bco  Monti  on  winga  of  Pterodattjlee,  Auk 


.Juur 


.  8ci.  April  1882,     The  remark- 


able spocimen  ot  BhaiaiJioThyncIiut  (B.  phi/Uanii)  from  the  Solenhofen  Slate,  ileecribcil 

5thb  author  (Fiee.  380,  381,  382),  noweKaed  a  loug  tuil,  the  toat 
which  Bupported  a  peonHor  caodal  membntno  wtucli,  kept  in  a 


a  loug  tiiil,  tbo  [<ut  BLxteoii  short  verlehne 
no  wtucli,  kept  in  an  upright  poailion  by 
flasibia  Bpinea,  miut  haTe  boen  an  elBciont  instrument  for  steering  the  flight  of  the 
emtnrc.  I  nm  indebtod  to  the  iuodneis  ot  Frof.  Harab  for  the  three  figures  which 
Ulnrtnte  Uii*  rtmctarc. 
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Plerodnftyltts  (Fig-  378),  had  a  short  tuil  and  juwe  fnmifihed  from  end  to 
end  with  long  teeth.  Otbera  were  Binwrpkodon,  distingnuhed  especially 
by  long  anterior  and  whort  hinder  teeth,  and  Ijy  the  length  of  ita  tail,  and 
Shamjihnrhgnchas  (Fig.  370,  380,  381,  382),  also  poBBessing  a  long  tail, 
with  a  caudal  momhraue  and  having  fonuidablo  jawa,  whicli  may  have 
terminated  in  n  homy  beak.  These  Blrange  hsrpy-liko  oreatnros  wero 
able  to  fly,  to  ahufflo  on  laud,  or  perch  on  roclcs,  perhaps  even  to  dive  in 
Nenrch  of  their  prey.  The  long  Blcndor  teeth  which  some  of  them 
jKRiHetjHcd  probably  iudicate  that  the  creatnres  lived  on  fish.  Iiagtly,  the 
most  colossal  living  beings  of  Mcsozoic  time,  and,  indeed,  bo  &r  as  we 
know,  of  any  time,  belonged  to  the  ancient  order  of  Deinosanrs,  which 


R,  Dclemtiltn  pulllon 


now  ftttaincd  their  maximum  development.  In  theeo  animals,  which 
api«arcd  in  tlio  earliest  Mesonoio  ages,  ordinaiy  reptilian  chamctcra 
(uB  ali-eady  remarked)  were  imilcd  to  others,  particularly  in  the  hinJer 
part  of  the  skeleton,  like  those  of  birds.  It  was  duriug  the  JoiWBio 
period  that  the  Deiiiosaurs  reached  their  ciilminaiioa  in  size,  variety,  aud 
abundance.  The  most  important  European  Jurassic  genera  are  Com^xt 
nnlhw,  MeijnlmanTna  (Fig.  379),  and  Cetemnurtui.  In  Compm(jnal}im,ftm 
tlio  Solenhofcii  Limestone,  the  bird-like  afBnitics  are  Htritdngly  exhibited 


[ 
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as  it  possessed  a  long  neck,  small  head,  and  long  hind  limbs  on  which  it 
must  have  hopped  or  walked.  The  Megalosaurus  of  the  Stonesfield  Slato 
is  estimated  to  have  had  a  length  of  25  feet,  and  to  have  weighed  two 
or  three  tons.  It  frequented  the  shores  of  the  lagoons,  walking 
probably  on  its  massive  hind  legj»,  and  feeding  on  the  mollusks,  fishes, 
and  perhaps  the  small  mammals  of  the  district.  Still  more  gigantic  was 
the  Ceteosaurus,  which,  according  to  I*hlllips,  probably  reached,  when 
standing,  a  heiglit  of  not  less  than  10  feet  and  a  length  of  50  feet.  It 
seems  to  have  been  a  marsh-loving  or  river-side  animal,  living  on  the 
ferns,  cycads,  and  conifers  among  which  it  dwelt.  But  these  monsters 
of  the  Old  World  were  surpassed  in  dimensions  by  some  discovered  by 
Professor  Marsh  in  the  Jurassic  beds  of  Colorado.  Of  these,  Brontosaunis 
was  distinguished  by  its  relatively  short  body,  long  neck  and  tail,  and 
remarkably  small  head.  Its  legs  and  feet  were  massive,  with  solid 
bones,  and  made  footprints  each  measuring  about  a  square  yard  in  area. 
Its  length  is  estimated  at  50  feet  or  more,  and  its  weight,  when  alive,  at 
moro  than  twenty  tons.     In   habit  it  was  more  or  less  amphibious, 


Fig.  3i6.— Insects,  Purbcck  Beds. 


a,  l»,  Wings  of  NcuropteTons  Insects  (Corydalif)  (nat.  size  and  mag.) ;  r,  C 
dongatut  (nat.  size  and  mng.  Brodio,  *  loss.  Insects,'  pi.  11.  and  v.). 


Cardbtu 


probably  feeding  on  aquatic  plants  or  other  succulent  vegetation.     The 
small  head  and  brain  and  slender  neural  cord  indicate  a  stupid,  slow- 
moving  reptile.^     Stegosaurus  had  a  remarkably  small  skull  with  sliort 
massive  jaws,  very  short,  powerful  fore-limbs,  with  comparatively  long 
and   slender  hind-limbs.      But   its   most  singular   character  was   the 
jxwsession  of  numerous  dermal  spines,  some  of  great  size  and  power,  and 
jnany  bony  x^lates  of  various  sizes  and  shapes,  some  of  them  moro  than 
3  feet  in  diameter.     Thus  armed  as  well  as  protected  it  must  have  Ixien 
oMiO  of  the  most  uncouth  monsters  that  haunted  the  waters  of  the  time. 
'Jet  it  was  itself  herbivorous,  and  appears  to  have  l>een  more  or  less 
^^natic  in  habit.^     But  the  most  colossal  of  all  these  forms,  and,  indeed, 
010    most  gigantic   creature  yet  known,  was  that  to  which   Professor 
%f£tTBbL  has  given  the  name  of  Atlantmauras,     It  was  built -on  so  huge  a 


*  Marsli,  Amer,  Journ.  Sci  xxvi.  (1883)  p.  81, 
«  Mnrsh,  op.  cit.  xix.  (1880)  p.  258. 
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iwalo  tliat  ita  fomur  alone  in  moro  tlian  8  toethigh,  tbo  corraapondioi' 


_^         bone  of  tlio  moflt  gigantic  elephant  looking  lifco  lliat  of  a  dwarfj  when 
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pnt  beside  tliis  fiwsil.  Tho  wliole  length  oFtKo  auinial  is  Buppoaed  to 
have  been  not  nraoH  abort  of  100  feet, 
with  a  lieight  of  30  fuet  or  more. 
Contemporancoua  with  those  hnge 
creatures,  however,  there  existed  in 
JnrasBic  time  in  North  America  diminu- 
tive forms  having  such  strong  avian 
affinities  that  thoii'  ecparato  bones  can- 
not bo  distinguished  from  those  of  birds. 
Professor  Marsh,  who  has  brought  thtse 
interesting  forms  to  light,  regards  them 
as  having  been  in  Eomo  cases  probably 
arboreal  in  habit,  with  possibly  at  first 
no  more  essential  difieronco  from  the 
birdt)  of  their  time  than  the  absence  of 
feathers.' 

The    oldest  knoivn    bird,    AirJiwo- 
plergx  (Fig.  383),  comes  from  tho  Solenhofen  Limestone  in  tho  Upper 
Joraseic     series^a    rock  which    has    been    especially   prolific    in    the 
fauna  of  the  Jurassic  pei-iod.    This  interesting  organism,  which  was 


J^thet  smaller  than  a  crow,  united  some  of  tho  characters  of  reptiles 
^th  thoae  of  a  true  bird.    Thus  it  poesessod  biconcave  vertebrro,  a  well- 

'  For  Prof.  Mursh's  demriptionR  of  Jurassic  Deiiiosaurs  soc  Amir.  Joura.  Sri  xy\. 
<t878)p.41I;s™.a87!»)p.8P,:  xviii.  (1880):  lU.  (1880)  p.  Z.'iS;  «i.(lH«l)i..  H.  ; 
XxiL(l88l)p.8iO;  iiiii.(1832)p.8l;  ixvL  {18»:()  p.  81  :  ixvii,  (1881)  P- 161. 
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oEBi£od  broad  stemnm,  three  fin^rs  only  in  each  toe,  all  ending  i^ 
a  claTT,  along  lizard-like  tail,  each  vertebra  of  which  horeapair  of  qnil% 


feathers;  tho  winga  hadfi-oo  claws,  aud  the  jaws  carried  tnio  tooth,  anin 
the  toothed  hirdti  found  in  tho  Cretaceous  rocks  of  KansaB.*    Bemaina  of 


'  Pco  Mnr»h,  AvKt.  Joum.  Sri.  Nov.  1881,  p.  337 ;  Otol. Mag.  1881,  p.  485; Carl  Vogt, 
litv.  SH.  Sept.  187!t;  Bteley,  0«rf,  Mng.  1881,  pp.  300,  454;  W.  Dnmes,  Biltb.  Bm» 
Akad.  jjxviii.  (1882)  p.  817.  Geo/,  jifojj.  1882  p.  SUC. 
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lave  likewise  recently  been  obtained  from  the  Upper  Juraesio 
A,tlaiitoaaurtis-bedB)  of  Wyoming  Territory 
stem    America.     The    belt    preserved    of 
iM  been  named  by  Marah  Lacpteryx,  which 
sves  to  have  poeeeBoed  teeth  and  biconcave 


most  highly  organised  ftnimala  of  which  the 
1  have  been  discoveied  in  the  JnraBsic  system 
iH  marsupials.  Two  horizons  in  England 
mished  these  interesting  relics — the  Stones- 
ate  and  the  Purbcck  bedti.  The  Stoiiesfiold 
las  yielded  the  remains  of  four  genera — 
Viet  and  Phaacdolkerium  (Fig.  384),  probably 
'orons,  the  latter  being  related  to  the  liying 
an  opossuros;  Amphitherium,  resembling 
losely  the  Australian  MymecMtu;  and 
\a&u»,  which  Owen  is  disposed  to  think 
ther  a  placental,  hoofed,  and  herbivoroas 
Higher  up  in  the  English  Jnrassio  series 
-  interesting  group  of  mammalian  remains 
n  obtained  from  the  Purbeck  beds,  whence 
s  of  twenty  species  have  been  exhumed 
ng  to  eleven  genera  {Spdacoihennm,  Am- 
im,  Peralesta,  Achyrodon,  Peraspalax,  Pera- 
ylodon,  Bolcdon,  Trieoitodon,  Triacanthodon,  ' 
35),  of  which  some  appear  to  have  been  ' 
rorons,  with  their  clo»eet  living  repre-  i"'.  •"»*;■ 
res  among  the  Australian  phalangers  and  American  oposaums. 


me,  Plagiaalax,  (Fig.  3S5),  resembling  the  Australian  kangaroo* 
'yptiprymnuii),  is  held  by  Owen  to  have  been  a  camivorouB  form.' 

er.Joura.  Sci'.  xii.  (1881)  p.  341;  ulao  iJtli.p,  337, 

Falconer,  Q.J.  Geoh  Sor.  x\&.  2C1  ;  iviii.  348;  Owen,  "MoiiogntpbofMcBOZoic 
s,"  Tahcontogra^.  8oc.  1871  ; '  Extinct  MammnlB  of  Anstialia,'  1877. 
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g  2.    Local  Development, 

The  Jnnasic  ay«tem  coveis  a  Twt  area  in  Bntope.  Beg^imiK  at  the  west,  lemiMii^ 
dC  it  occur  in  the  Tar  uortk-ireat  of  Scotland.  It  langee  aoiofli  Engliwd  ai  a  broad  Imu^ 
from  the  coasts  of  Yorkshire  to  those  of  Doraet  Croaaing  the  Channel,  it  enolitlHWtt^ 
a  great  ring  the  Ctetaoeoni  and  Tertiat;  hadn  of  the  north  of  Fiance,  vhenoe  ii  nne^ 
on  the  one  side  southwnrda  dovni  tlie  T^ey a  of  tlio  Saone  and  Bhooe,  and  <q  tii«  oflt.^ 


'ID 


round  the  ohl  crjHlallino  nucloua  of  Auvcrgno  tu  the  Ue<1ileiTancnn.  Eu(wudt,it 
sweeps  through  Iho  Jura  Houutaing  (whenec  its  namo  ia  taken)  up  to  the  high  gnm^ 
ofBohcmfn.  It  forma  part  of  the  onter  cfioinn  of  Uie  Alps  on  boUi  aides,  rises  along;  tbe 
centre  of  the  Apcnoines,  and  appenrs  here  and  there  over  the  Spanish  pemuolL 


Fig.  a. 


h,  DUgnlflnl  ;  I 


Covered  by  more  recent  fornmtions,  it  underlies  the  groat  plain  of  northern  Gennwi, 
whence  it  rungeit  enstwarJa  nnd  occupies  large  tracts  in  central  and  eastern  Vmtn- 
Rome  yarn'  ago,  Nuuiiinyr,  folloiying  up  the  early  general iaatiou  of  L.  von  Buch,  abowl 
tlittt  throe  distinct  geographical  regions  of  doposit,  miuhiug  diverflitiea  of  climate,  csnta 
made  out  among  the  Jurassic  rocks  of  Europe.'     (I)  The  Mediterronwn  prorhw, 

'  Noumayr, "  Jura-Studicu,"  .Tahrb.  Geo!,  ll^l'^hiaiul'ill,  1871.  pp.  297,  iSl  ■  VtrkauS- 
Ornl.  Beiehnaml.  1871,  p.  165 ;  1872,  p.  54 ;  1873,  p.  238.  "  Uter  climatiMshe  ZoMi 
wuhiendder  Juni-nndKreulozeit,''I>eBiKA.  TTiVb.  JiatJ.  xlfii.  (1883)  p.  277.  Inlbw 


Sbct.  iL  §  2.]  JUBAS8IC    SYSTEM.  787 


embracing  the  Pyrenees,  Alps,  and  Carpathians,  with  all  the  tracts  lying  to  the  south. 
One  of  the  biological  characters  of  this  area  was  the  great  abundance  of  anunonites 
belonging  to  the  groups  of  HeterophyUi  (PhyUoceras)  and  FimbritUi  {Lytooera8\  and  the 
presence  of  forms  of  Terd^rattOa  of  the  family  of  T.  diphya  ijaniUn),  (2)  The  central 
European  province,  comprising  the  tracts  lying  to  the  north  of  the  Alpine  ridge,  jn- 
doding  France,  England,  Gennany,  and  the  Baltic  countries,  and  marked  by  the  compa- 
ritive  rarity  of  the  ammonites  just  mentioned,  which  are  replaced  by  others  of  the  genera 
A^pidoeeras  and  OppeUiay  and  by  abundant  reefs  and  masses  of  coral.  (3)  The  boreal 
or  Russian  province,  comprising  the  middle  and  north  of  Russia,  Petschora,  Spitzbergen, 
and  Greenland.  The  life  in  this  area  was  leas  varied  than  in  the  others;  in  particular, 
the  widely  distributed  species  of  Oppellia  and  Aspidoceras  of  the  middle-European 
province  are  absent,  as  well  as  large  masses  of  corals,  showing  that  in  Jurassic  times 
there  was  a  perceptible  diminution  of  temperature  towards  the  north.  More  recently  the 
same  author  has  extended  these  three  provinces  into  homoiozoic  zones  or  belts  stretching 
round  the  globe,  and  showing  the  probable  distribution  of  climate  and  life  during  Jurassic 
and  early  Cretaceous  times.  (1.)  The  Boreal  Zone  descends  as  far  as  lai  46°  in  North 
America,  whence  it  bends  north-eastwards,  coming  as  high  as  lat.  63°  in  Scandinavia ; 
but  then  taking  a  remarkable  bend  towards  the  south-east  across  Russia,  the  Kirghiz 
Steppes,  and  Turkestan  into  Tibet,  about  lat.  29°  N.  and  long.  85°  E.  This  curious 
projection  is  explained  by  the  fact  that  the  &una  of  the  Jurassic  rocks  of  Tibet,  Kashmir 
and  Nepal,  though  peculiar,  has  greater  affinities  with  that  of  the  boread  than  with  that 
of  more  southern  zones.  The  boreal  zone  is  divisible,  as  far  as  yet  known,  into  three 
provinces,  the  Arctic,  Russian  and  Himalayan.  (2.)  The  North  Temperate  Zone  reaches 
to  about  lat.  33°  in  North  America.  In  Europe  its  limits  are  more  precisely  defined.  It 
extends  from  Lisbon  across  the  Spanish  tableland  to  the  west  end  of  the  Pyrenees, 
thence  across  the  south  of  France  and  along  the  north  side  of  the  Alps  to  the  north  end 
of  the  Carpathians,  bending  southward  so  as  to  keep  to  the  north  of  the  Black  Sea  and 
Caucasus,  and  then  striking  south-eastwards  into  the  Himalaya  chain,  where  it  is  nearly 
cut  off  by  the  extension  of  the  Boreal  Zone  just  mentioned.  In  this  zone  four  provinces 
have  been  recognised — the  middle  European,  Caspian,  Punjab,  and  Califomian.  (3. )  The 
Equatorial  Zone  extends  southwards  to  the  southern  end  of  Peru,  and  does  not  include 
the  extreme  southern  coasts  of  South  Africa  and  Australia,  which  with  the  remaining 
part  of  South  America,  lie  in  the  South  Temperate  Zone.  In  the  Equatorial  Zone, 
8e?en  provinces  are  more  or  less  clearly  defined:  the  Alpine,  Meditermnean,  Crim- 
Cauoaaian,  Ethiopian,  Columbian,  Caribbean  (?),  and  Peruvian.  The  South  Tempe- 
rate Zone  is  allowed  four  provinces :  the  Chilian,  New  Zealand  (?),  Australian  and  Cape. 
Britain.^ — The  stratigraphical  succession  of  the  Jurassic  rocks  was  first  worke^l 
out  in  England  by  William  Smith,  in  whose  hands  it  was  made  the  foundation  of  strati^ 
graphical  geology.  The  names  adopted  by  him  for  the  subdivisions  he  traced  across 
the  country  have  passed  into  universal  use,  and,  though  some  of  them  are  uncouth 
English  provincial  names,  they  are  as  familiar  to  the  geologists  of  other  countries  as  to 
those  of  England.  

memoirs  the  student  will  find  much  interesting  speculation  regarding  zoological 
distribution,  organic  progress  and  vicissitudes  of  climate  during  the  Jurassic  and 
Keocomian  periods. 

"  For  Bntish  Jurassic  rocks  the  student's  attention  may  be  specially  called  to  Phillips' 

*  Geology  of  Oxford  and  the  Thames  Valley,'  Tate  and  Blake's  *  Yorkshire  Lias '  ; 
Hudleston's  **  Yorkshire  Oolites,"  in  Oeol.  Mag.  1880-1884  ;  Memoirs  published  by  the? 
PaliBOutographlcal  Society,  particularly  Morris  and  Lycett's  *  MoUusca  from  Great  Oolite '  ; 
Davidson's '  Tertiary,  Oolitic,  and  Liassic  Brachipoda ;  Wright's  *  Oolitic  Echinodermata  ' 
and  *  Lias  Ammonites ';  Owen's  *  Mesozoic  Reptiles ';  *  Mesozoic  Mammals,'  *  Wealden  and 

•  Furbeck  Reptiles ' ;  Memoirs  of  the  (Geological  Survey^  including  Hull's  *  Geology  of  Chel- 
tenham,' H.B.  Woodward's*Geology  of  East  Somerset';  Judd's  *  Geology  of  Rutland,' 
Ac. ;  O.  Fox-Strangway's  *  Geology  of  Scarborough,'  «&c.  Etheridge,  Q.  /.  QeoU  Soc.^ 
Address,  1882;  and  other  memoirs  cited  below.  See  also  Oppel's  '  Jurafcrmatioji 
Englands,  Frankreichs  und  Deutchlands,'  1856 ;  Quonstcdt's  *  Der  Jura,*  1868. 
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The  Jurassic  formations  stretch  across  England  in  a  varying  band  from  the  moiilli 
the  Tees  to  the  coast  of  Dorsetshire.    They  consist  of  harder  sandstones  and 
interstratified  with  softer  clays  and  shales.    Hence  they  giyo  rise  to  % 
type  of  scenery, — the  more  durable  beds  standing  out  as  long  ridgefl^someftiinM 
with  low  cliffs,  while  the  clays  underlie  the  level  spaces  between.    Arfaiiged 
descending  order,  the  following  subdivisions  of  the   English   JuiaaBio  gpiUm 
generally  recognised : — 


Formations 
or  Series. 


Groups  or 
Stages. 


gT* 


^^^  J 


Ptirbeckian 


^OQ 


u 

^  «S  ;- 


CO 


Portlandian  . 
^Kimmeridgian 
Corallian  . 

Oxfoitlian 


Sob-groups  or  Sab-atages. 

I  Upper  fresh-water  beds .      .  | 

.<Middl6  marine  beds.      .      .| 360 

Lower  fresh-water  beds       .  I 

(Portland  Stone 70 

Portland  Sands 150 

Kimmeridge  Clay 600 

Coral  Rag  and  Calcareous  Grit 250 


o 
O 

s 

u 

o 

u 


^ 

^ 


Great    Oolite 
group   . 


Oxford  Clay  and  Kellaways  Rocks 600 

Cornbrasb.   This  forms  a  persistent  band  at  the  top  of 

the  lower  or  variable  (marine  and  estuarine)  group  40 

Bradford  Clay  and  Forest  Marble 160 

Great  or  Bath  Oolite,  with  Stonesfield  Slate  (port  of 

Northampton  Sand) 130 

Fuller's  Earth  Fuller's  Earth 150 

Cheltenham  beds  (thick  estuarine  series  of  Yorkshire, 
representing  the  whole  succession  up  to  the  base 

of  the  Combrash) 270 

Lower  part  of  Northampton  Sands  ('* Dogger"  of 

Yorkshire) 160 

1  Upper  Lias  (including  Midford  Sands) 400 

Marlstone 200 

Lower  Lias 900 


Inferior  Oolite 


Although  these  names  appear  in  tabular  order,  as  expressive  of  what  is  the  predomi- 
nant or  normal  succession  of  the  beds,  considerable  differences  occur  when  the  rocks  are 


Fig.  386.— Marsupials  from  tlie  Purbeclc  Beds. 

a,  Jaw  of  riiigiaulox  minor,  Falconer  (f ) ;  h,  same  (nat.  sise) ;  c,  molar  (f ) ; 
(f,  Triacanthodon  serrula,  Owen  (oat.  size). 

traced  across  the  country,  especially  in  the  Lower  Oolites.  Thus  the  Inferior  Oolite 
consists  of  marine  limestones  and  shales  in  Gloucestershire,  but  chiefly  of  massive  estua- 
rine sandstones  and  shales  in  Yorkshire.  These  differences  help  to  bring  before  us  some 
of  the  geographical  features  of  the  British  area  daring  the  Jurassic  period. 

The  LiA8,»  consists  of  three  stages  or  groups  well  marked  by  physical  and  palieonto- 
logicol  characters.    In  the  Lower  member,  numerous  thin  blue  and  brown  limestonesi, 


*  This  word,  now  so  familiar  in  geological  literature,  was  adopted  by  William  Smith, 
who  found  it'  given  by  the  Somerset  quairymen  to  the  "  layers  "  of  argillaoeous  limestooe 
forming  a  part  of  the  series  of  rocks  to  which  the  term  is  now  applied. 
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wilh  partingB  of  daric  shale,  are  snnnouxited  by  sixiiilar  shales  with  oooaaional  nodular 
Kmestone  bands.  The  Middle  Lias  consists  of  argillaoeons  and  ferruginous  limestones 
(marlstones)  with  micaceous  sands  and  clays.  In  its  Yorkshire  deyelopment  this  snb- 
division  is  remarkable  for  containing  a  thick  series  of  beds  of  earthy  carbonate  of  iron 
(Ironstone  series),  which  has  been  extensively  worked  in  the  Cleyeland  district.  Thd 
Upper  stage  is  composed  of  clays  and  shales  with  nodules  of  limestone,  surmounted  by 
sandy  deposits,  which  are  perhaps  best  classed  with  the  Inferior  Oolite.  In  Torkshiro 
It  consists  of  about  240  feet  of  grey  and  black  shale,  in  the  upper  part  of  which  lies 
a  dark  band  full  of  pyritous  "doggers"  (ironstone  concretions)  and  blocks  of  jet, 
which  are  extracted  for  the  manufacture  of  ornaments.  This  jet  appears  to  have  been 
originally  water-logged  fragments  of  coniferous  wood.* 

These  three  stages  are  subdivided  into  the  following  zones  according  to  distinctive 
species  of  Ammonites,  though  the  zones  arc  not  so  defluite  in  nature  as  in  paleeonio-* 
logical  lists : ' — 


'The  up|)«r  saudy  beds  (Upper  Lias  San(l«»,  Midford  Sands)  contain — Ammonites 
{Uarpoceras)  opalmuS)  A,  radians^  A.  thouarsciisis.  A,  insignis.  Ammonites 
(^Lytoccraa)  jurensiSf  A,  hircinus  =  Juntuis  bed  of  Oppel  (Wiirtemberg). 
1^^  The  lower  clays  contain — Ammonites  (JIarpoceras)  bifrons.  A,  serpentinus,  and 
numbers  of  the  group  Stephanoccrasj  as  Ammonites  {Stephanqceras')  com" 
munis,  A.  (5.)  aiujuinuSf  A»  {S.)  fibulatus  =  Posidonomya  bed'  of  Oppel 
(Wiirtemberg). 

=  Spinatus-W  Ut?F^.. 


5-  (i:y  <^'""''*<""> """""" 


>» 


?» 


\(Wttrtemberg)i 
margaritalits  =  Margaritatus-bed  „ 

{JEgocents)  Ileiileyi  =  Davoei-bed 

=  Ibex-bed 
=  Jamesoni-bed 


/   Zone  of 


{Amaitheus)  Ibex 
{JEgoceras)  Jamesoni 

{Amaltheus)  oxynotus 
{AriitUes)  obttmis 
„         Tumeri 
„         Bucklandi 
(^JEijoceras)  angulatus 
planorbis 


=  Rarico8tatu8>bed 

=  Oxynotus-bed 
=  Obtusus-bed 
=  Tuberculat  US-bed 
=  Bucklandi-bed 
=  Angulatus-bed 
=  Planorbis-bed 


resting  conformably  on  AviaUa  contorta  beds. 

The  orgtuiic  remains  of  the  British  Lias  amount  to  281  genera  and  1830  species. 
The  plants  comprise  leaves  and  other  remains  of  cycads  {FaUiozamia),  conifers  (PiniteSj 
CupresitUy  Peuee%  ferns  {Otopterisy  Alethopteris,  &c.),  and  reeds  (^Equisetites).  These 
fonils  serve  to  indicate  the  general  character  of  the  flora,  which  seems  now  to  have  been 
mainly  cycadaceous  and  coniferous,  and  to  have  presented  a  great  contrast  to  the 
lycopodiaceous  Tegetationof  PaUeozoic  limes.  The  occurrence  of  land-plants  dispersedly 
throughout  the  English  Lias  shows  also  that  the  strata,  though  chiefly  marine,  were 
deposited  within  such  short  distance  from  shore,  as  to  receive  from  time  to  time  leaves, 
seeds,  fruits,  twigs,  and  stems  from  the  land.  Further  evidence  in  the  same  direction  is 
supplied  by  the  numerous  insect  remains,  which  have  been  obtained  principally  from 
the  Lower  Lias.  These  were,  no  doubt,  blown  off  the  land  and  fell  into  shallow  water, 
where  they  were  preserved  in  the  silt  on  the  bottom.  The  Neuroptera  are  numerous,  and 
include  several  species  of  LibeUnla.  The  coleopterous  forms  comprise  a  number  of  herbivo^ 
rous  and  lignivorous  beetles  (Mif^r,  Carabw,  &c.).    There  were  likewise  representatives 


*  C.  Fox-Strangways,  Mem.  Geol.  Surrey,  "  Scarborough  and  Whitby  "  (1882),  p.  21. 

*  Wright  on  Liassic  Ammonites,  PdUidntograph,  Soc.,  and  Q.  /.  Geol.  8oc,  xvl  374 ; 
Etberidge,  op.  cit  xxxviii.  (Address).  As  the  zones  are  not  generally  deflned  by  litho- 
logioal  features  they  cannot  be  satisfactorily  mapped.  On  the  maps  of  the  Geological 
8uryey  the  base  of  the-  Middle  Lias  is  perhaps  not  drawn  uniformly  at  one  pal»onto- 
logical  horizon ;  but  it  generally  corresponds  with  the  base  of  the  Hargaritatus  zone* 
(See  Judd,  'Geology  of  Butland,'  pp.  46,  89.) 
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Wtth  them  ue  Hiodated  taaalna  of  terreatriol  plants,  cyprids,  and  mollnaks,  samiimeB 
marine  •MuetimM  iqtparenlly  brac&iah  wntsr.  The  meiine  life  of  the  period  hu  been 
abtmdantl;  preaerred,  so  fu  at  least  as  i^iarda  the  couparstivel;  ahallow  and  jnxla- 


Ammotilb*  (AmilUieiu)  minuiUtiu^  UonL  (1);  b,  A.  (A.)  BFlaitna,  Brag.  (II;  c.  A,  (XMttrifi 
UiTcH.  Sbj.  (t)i  d.  A.  (^fai^coniiu^  BciSMb.  (1);  (^  A.  (£)  j4inuoiil,  Biij.  W|/,  A.  (£.] 
bnTbplu,  Sbf.  ()). 
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littoral  waters  in  which  theLiasmc  strata  were  accumulated. »  Foraminifeiaftboaiidedoii 
some  of  the  sea-bottoms,  the  genera  CriiteUaria,  Dentalina,  MarginuUna^  Frondlonlanii, 
Polyinorphina  and  Planularia  being  the  more  important.  Corals,  though  on  the  whde 
scarce,  abound  on  some  horizons  {AstroecRnia,  T^eeonntZo,  Itaslrxa,  MmUUtaUia^ 
Septastrxa,  Ac).  The  Lower  Lias  has  yielded  13  genera  and  72  spodei.  the  Middle 
Lias  6  genera  and  8  species,  and  the  Upper  Lias  2  genera  and  2  species.  The  crinoids 
wore  represented  by  thick  growths  of  Extracrinua,  Peidacrinw,  and  Shabdoerimui, 
There  were  brittle-stars,  star-fishes,  and  sea-urchins  (Ophioglyphaj  Uratkr^  Xnildta, 
HemipecUna,  Cid<irUy  Aor<mlenid)—aXl  generically  distinct  from  those  of  the  FaUMioic 
periods.  The  annelidos  were  represented  by  Serpulaf  VermUia  and  DffnffMi.  Among 
the  Crustacea,  the  more  frequent  known  genera  are  Eryon  (entiiely  Liaasio),  Qkff^M 
ijrom  Lower  Lias  to  Kimmeridge  clay),  and  Eryma,  The  brachiopods  (numbering  16 
genera  and  124  species)  are  chiefly  RhyiichoneUa,  Wdldheimia,  SpMfwina^  Th^dium^ 
and  Terebraiukk,  Spiriferina  is  the  last  of  the  Spirifers,  and  with  it  are  aasodated  the 
last  forms  of  Jjeptmtia,  of  which  fire  Liassio  species  are  known  from  English  localities 
(Fig.  369).  Of  the  lamellibranchs  (of  which  65  genera  and  457  specieB  haye  been 
described),  a  few  of  the  most  characteristic  genera  are  Peden  (32  spedesX  Lima  (29), 
Avicula  (18),  Gryphsa  (7),  GerviUia  (11).  Oftrea  (18),  Plieaiula  (12),  Mytaus  (9), 
Cardimai^),L€da(2l),Cypricardia  (13\  Astarte  (19),  Pfctiromya  (16),  Eippopodivm 
and  Pholadomya  (16).  Gasteropods,  though  usually  rare  in  such  muddy  strata  as  the 
greater  part  of  the  Lias,  occasionally  occur,  but  most  frequently  in  the  csdoareous  mnes. 
At  present  51  genera  and  388  species  arc  known.  The  chief  genera  are  Ceritkium  (49 
species),  Turbo  (49),  Troehus  (41),  Pleurotomana  (39),  ChenrnUxia  (23),  and  TurrittSa 
(12).  The  ccphalopods,  howeyer,  aro  the  most  abundant  and  characteristic  shells  of 
the  Lias ;  the  family  of  the  Ammonites  numbers  upwards  of  293  species  in  the  British 
Lias.  Many  of  these  are  the  same  as  those  that  haye  been  found  in  the  Jurassic  series 
uf  Germany,  and  they  occupy  on  the  whole  the  same  relative  horizons,  ao  that  orcr 
central  and  western  Europe  it  has  been  possible  to  group  the  Lias  into  the  Tarious  xonea 
given  in  the  table  (p.  789).  The  genus  Nautilus  is  represented  by  ten  species.  The 
dibraiichiate  ccphalopods  are  represented  by  about  65  species  of  the  genua  Bdemmta. 

From  the  English  Lias  43  genera  and  132  species  of  fishes  have  been  obtained. 
Borne  of  these  are  placoids,  known  only  by  their  teeth  (^crodfis,  Ceraiodui),  others  only 
by  their  Hpines  (Nemacanthu8\  and  some  by  both  teeth  and  apinea  (^Hybodus),  The 
gauoida  aro  frequently  found  entire.  Dapedms,  PJiolidophorus,  JEchmoduSt  Paehyeonm, 
Fuguathus,  Hyhodus,  and  Leptclepis  are  the  most  frequent  genera.  But  undoubtedly 
the  most  remarkable  palteontological  feature  in  this  group  of  strata  is  the  number  and 
variety  uf  its  reptilian  remains.  The  genera  Ichthyosaurm  (11  species),  Ple9io9auru$  (26), 
Dimorphodon  (1),  SodidomurM  (1),  Pterodadylm  (1),  Teieogaunu^SJ,  and  SteneoMurnt 
(1),  have  been  recovered,  in  some  cases  the  entire  skeleton  having  been  found  with 
almost  every  bone  still  in  place. 

The  Lias  extends  continuously  across  England  from  the  mouth  of  the  Teea  to  the 
coast  of  Dorsetshire.  It  likewise  crosses  into  South  Wales.  An  interesting  patch 
occurs  al  Carlisle,  far  removed  from  the  main  mass  of  the  formation^  A  oonaidershle 
development  of  the  Lisa  stretohea  across  the  island  of  Skye,  and  skirta  adjoining  tracts 
of  the  west  of  Scotland,  where  the  shore-line  of  the  period  is  partly  traoeable.  In  the 
north  of  Ireland,  also,  the  characteristic  shales  appear  in  several  places  ficom  under  the 
Chalk  escarpment. 

The  LowEB  or  Bath  Ooutes  lie  conformably  upon  the  top  of  the  Lias,  with  which 
they  are  connected  by  a  general  similarity  of  organic  remains,  and  by  about  45  spedes 
which  pass  up  into  them  from  the  Lias.  In  the  south-west  and  centre  of  England  they 
consist  of  shelly  marine  limestones,  with  days  and  sandstones ;  but,  traced  northwards 
into  Northampton,  Butland,  and  Lincolnshire,  they  contain  a  series  of  strata  indicative 


*  See  E.  Tate,  **  Census  of  Lias  Marine  Invcrtebrata,"  Oeol.  Mag,  viii.  p.  4. 
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of  depoait  in  tbs  aato&iy  of  ucaae  river  deaoending  from  the  uortb,  for,  iiuU*d  of  the 
Kbonduit  oephalopods  of  the  truly  mmrioe  uid  typical  seiieB,  yie  meet  with  btah-wator 
geaen  inch  as  Cgrtna  and  Vnio,  eatuariiie  or  marioc  forma  such  m  OArea  ftnd  Ibdida, 
thin  NAinii  of  lignite,  thick  and  T»luable  deposits  of  irotutone,  and  lomains  of  tene«trial 
pLuit&  Thew  indication*  of  th«  proximity  of  land  beoome  etill  moie  maiked  In 
Yeikifaini,  vhere  the  strata  (800  fbct  thick)  couaist  chiefly  of  Boudstones,  shalea  with 
•eanu  of  inmatone  and  coal,  imd  oroasional  horizons  containiug  muiiie  ahclls.  It  ia 
deferring  of  notice  that  the  Combrasli,  at  tho  top  of  ttic  Lower  Oolilc  ia  the  typical 
GkniCOrtendiire  diutrict,  Ihongh  rarely  20  fc«t  thick,  miiB  acniM  the  country  from  Devon* 
aliin  to  Lincoloahire.  The  YorkshiTC  Conibiash  proLnbly  lica  on  a  rathti  lower  horicon. 
Thug  a  diatinctly  defined  Beries  oF  bedH  of  au  cetnarinc  chacHetor  ia  in  the  north  homo- 


taxUll;  KpraBentative  of  tho  marine  formatioiia  of  tho  aonth-weat.  At  Iho  cloae  of  the 
Lomr  Oolitic  period  the  estuary  of  fte  northern  tract  was  sabmerged,  and  marino 
depoaite  vero  laid  down  utoBa  England. 

The  Inferior  Oolite  attains  it*  maximum  development  in  the  ncighbonrkood 
of  Chrftenbwn,  where  it  ba*  a  thicknew  of  2M  feet,  and  con*iat»  of  ealoreoM  £reo- 
atone  and  grit.  It  prewnta  a  tokrably  oopiona  wiW  of  invertebrate  remain*,  which 
teaemble  generioally  those  of  the  Lias.  The  oorala  nnmbor  iS  apecle*,  which  arc 
klinoit  all  confined  to  thU  division  of  the  Joraadc  lystem.  The  orinoids  are  repro- 
tented  by  two  Bpecie*  of  PwOaerftiu*;  the  atar-flshM  by  qMciea  of  Aitroptcten, 
GontatttT,  Solaitar,  and  SMatUr ;  the  seft-orehins  "bj  apecles  (rf  AeronJenia,  CSdarU, 
Bemipedina,  Clyptat,  Pjigadtr,  *o.    The  predominance  of  Bhi/nehondh  {23  species) 
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iiud  Ter^aiula  (31)  otw  the  rest  of  the  bracluopods  beccme*  rtill  mixn  maikad. 
TAiua,  Oiirea,  PeeUt\,  Pinna,  Aihtrle,  Cacull/ea,  JVyociVei,  MytSui,  Fhotadomya,  Tii- 
gvnia  are  the  most  coinmoti  genera  of  iBmellibraacha.  The  gMt«ropodfl  are  BbtUubnE, 
CBpeciollj  iu  the  gcuerft  Flrurctemaria,  Alaria,  TroiAai,  Tvtio,  Nerimma,  Ceril&MiM, 
anil  ChtmaiUzia.  Qui;  i'i  «peciee  of  Smmonitt*  ue  met  with,  6  of  NavtOm,  kod  16  of 
BeUmnitei.  PalBODtoIogically  the  Infeiw  Oolite  bu  been  RibdiTided  into  the  IbDor- 
ing  zouea  in  descending  order : ' — 


ZuD 


dT  Ammottita  ^Coimaccrai)  PiirUnaoai. 

„  (Stephanoceras')  AionpArifiunm. 

„  (HarptKKrai)  Soafrliyi, 


llg.  ag«.-~I/)v«  Ooltlc  AmpwDilM. 

Schlotb,  0) ;  ^  A.  (Omnweru) 


iiiiica  to  a  tliickucsa  of  a  Tow  incbcK.  The  linicatonca  poBx  intu  sandy  strata,  bo  ib»t  in 
NarthamptonBhire  the  nhole  of  the  fbiTiiations  between  tho  Opper  Liaa  Olay  and  the 
Great  Oolite  condst  of  uuds  with  beds  of  ironstone,  known  ob  the  NoithamptoD  Sand. 
The  higher  portions  of  the  aaody  sotleB  centAia  eetoarlno  ihellg  (Cj/rend)  and  lemuni 
of  terrestrial  plants.  In  Yorksliiro  the  Grt^t  Oolito  aeries  disappears  (nnleei  it* 
Upper  part  is  represented  b;  tho  Combteah  of  that  district)  while  the  Inferior  Oolitn 
swell  out  into  a  great  thickness  and  are  composed  of  the  fbllowing  sabdfrisioiii  in 
descending  order :  * —  _^__^^^ 

'  On  the  Ammonites  of  these  zones,  see  S.  ti.  Buckman,  Q.J.  OeoL  Sac  1881.  p.  tSU, 
'  FhilUps' '  Geolo^  of  Yorkshire.'    Hndlcston,  6eol  Mag.  1680,  p,  24G ;  ISfO,  p.  146. 

Froc.  OeoL  Auoc.  iii.  iv.  v.   0  Foi-Strangways, "  Geology  of  SMibotongh  and  Whjtby," 

Xm.  Choi.  Svrv.  18S2. 


Sw5T.  u.  S  2.]  JUEA8SI0   SYSTEM.  795 


■ 

s 

o 

o 


u 

o 


o 
O 

u 

o 

u 


Feet. 

L'p2>er  Entuarine  series,  shales  and  sandstones  resting  on  a  thick  sand- 
stone (Moor  Grit) more  than  200  . 

Scarborough  or  Grey  Limestone  series,  consisting  of  grej  calcareous  and 
siliceons  bands  with  shaly  partings  {Belann,  gigantettSf  Amm.  hum' 
phriesiantts,  Amm,  Blagdeni,  &c.) 3-100 

Middle  Estuarine  series,  chiefly  shales,  with  three  or  four  beds  of  sand- 
stone fall  of  plant-remains.  This  is  the  chief  coal-bearing  zone  of 
the  Lower  Oolites.  A  few  thin  coal-seams  occur,  only  two  of  which 
liave  been  found  worth  working ;  none  of  them  exceed  18  inches 
or  2  feet 50-100 

Millepore  bed,  a  ferruginous  or  calcareous  grit  passing  into  a  sandy 
limestone         .....>...  10-40 

Lower  Estuarine  series,  consisting  of  an  upper  group  of  false-bedded 
ferruginous  sandstones  with  carbonaceous  matter,  separated  by  some 
ironstone  bands  from  a  lower  group  of  carbonaceous  shales  and  sand- 
stones with  thin  coal-seams         . oUO 

Dogger — ferruginous  sandstone  and  sandy  ironstone  passing  down  into 
the   Jarensis-be<ls  of  the  Upper  Lias  (Cvromj/a    iMJociana,  Amm. 

,    cudensis,  &c,) .  40-95 

A  tolerably  abundant  fossil  flora  has  been  obtained  from  these  Torkshire  beds. 
With  the  exception  of  a  few  littoral  fucoids,  all  the  plants  are  of  terrestrial  forms. 
They  amomit  to  41  genera  and  130  species,  which  are  confined  to  the  In£3rior  Oolite. 
Among  them  are  53  species  of  ferns  (PecopteriSt  SphenopterU^  Phlebopteris,  and  Tssnio' 
pterU  being  characteristic).  Next  in  abundance  come  the  cycads,  of  which  23  species 
are  known  (Ototamiief,  ZamiteSy  PterophyUumf  CycadiUi),  Coniferous  remains  are  not 
infrequent  in  the  form  of  stems  or  fragments  of  wood,  as  well  as  in  occasional  twigs 
with  attached  leaves  {Araticariteis,  Brachyphyllum,  Thityites,  Peuoe,  Walchia,  Crypto- 
inerites,  Taxites), 

The  Fuller*s  Earth  is  a  local  argillaceous  deposit  which  in  the  neighbourhood 
of  Bath  attains  a  maximum  depth  of  nearly  150  feet,  but  dies  out  in  Oxfordshire,  and 
is  absent  in  the  eastern  and  north-eastern  counties.  Among  its  more  abundant  fossils 
arc  Ooniomya  angulifera,  Ostrea  acuminata^  RhyncliOtieUa  concinna,  It,  tariatu;  but 
most  of  its  fossils  occur  also  in  the  Inferior  Oolite.  The  conditions  for  marine  life  over 
the  muddy  bottom  on  which  this  deposit  was  laid  down  would  appear  to  have  been 
unfavourable.  For  example,  only  one  gasteropod  (^Alaria  PhiUipnt)  is  known  from 
the  Fuller's  Earth.  It  was  one  of  forty  species  living  at  the  time  of  the  Inferior  Oolite, 
which  reappeared  over  the  same  area  when  the  uncongenial  conditions  of  the  Fuller  s 
Earth  were  replaced  by  those  under  which  the  Great  Oolite  was  deposited.^ 

The  Great  Oolite  consists,  in  Gloucestershire  and  Oxfordshire,  of  three  sub- 
groups of  strata :  (a)  lower  sub-group  of  thin-bedded  limestones  with  sands,  known  as 
the  Btonesfield  SUtte ;  (]>)  middle  sub-group  of  sliclly  and  yellow  or  cream-coloured,  often 
oolitic  limestones,  with  partings  of  marl  or  day— tho  Great  Oolite  proper ;  (c)  upper 
sub-group  of  clays  and  shelly  limestones,  including  tho  Bradford  Clay,  Forest  Marble, 
and  Combrash.  These  subdivisions,  however,  cease  to  be  recognisable  as  the  beds  are 
traced  eastward.  The  Bradford  Clay  of  the  upper  sub-group  soon  disappears,  and  the 
Forest  I^Iarble,  so  thick  in  Dorsetshire,  thins  away  in  tlie  north  and  cast  of  Oxfordshire, 
the  horizon  of  the  group  being  perhaps  represented  in  Lincolnshire  by  the  *' Great 
Oolite  Cbys''  of  that  district.  The  Combrash,  however,  is  remarkably  persistent, 
retaining  on  tlie  whole  its  lithological  and  palaBontological  characters  from  tho  south- 
west of  England  nearly  as  fur  as  tho  Ilumbcr.  The  limestones  of  the  middle  sub- 
group are  less  persistent,  though  they  can  be  recognised  as  far  as  the  middle  of  Lincoln- 
shire. The  lower  sub-group,  including  the  Btonesfield  Slate,  passes  into  the  upper 
part  of  the  Northampton  Sand  and  the  **  Upper  Estuarine  series." ' 

The  fossils  of  the  Stonesfield  Slate  are  varied  and  of  high  geological  hiterest. 
Among  them  are  about  a  dozen  species  of  ferns,  the  genera  Peropteris,  Sphenopterh^  and 

>  Etheridge,  Q.  /.  Geol,  8oo,  1882,  Address,  p.  190,  and  anie  p.  621. 
*  Jndd's  **  Gkology  of  Rutland,"  Mem,  Choi,  8urv* 
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Txniopteris  being  still  the  prevalent  forms.  The  cyoads  are  chiefly  species  oi  Palco- 
zamiat  and  the  conifers  of  ThuyiUi,  With  these  drifted  fragments  of  %  tenettiii] 
vegetation  there  occur  remains  of  beetles,  dragon-flies,  and  other  insects  which  had 
been  blown  or  washed  off  the  land.  The  waters  were  tenanted  by  a  few  brachiopodB 
{Hhynclionella  and  TerebrattUa),  by  lamellibranchs  (Cfervilliay  Lima,  (Mrea,  PecUn, 
Astarte,  ModioUt,  Trigouia,  &c.),  by  gasteropods  {Natiea,  Neriia^  PaMa^  TroekWy  Ac.), 
by  a  few  ammonites  and  belemnites,  and  by  placoid  and  ganoid  fishes,  of  whkii  aboat 
50  species  are  known.  The  reptiles  comprise  representatives  of  turtles,  with  species  of 
Ichthyosaurus  and  Plesiosaundf,  CeteomuruSy  TeJ^oeaurus,  Jlfiygfa/oMitinM,  and  Mhampko' 
ihynchus.  But  the  most  important  organic  relics  from  this  geological  horiam  mie  the 
uiursupial  maiumalia  already  referred  to. 

The  fauna  of  the  Oreat  Oolite  proper  is  distinguished,  among  other  chaiacteristies, 
by  tlie  number  and  variety  of  its  corals  (including  the  genera  ImutrsBa^  CffOlkopkon, 
Thamnastrssd).  The  cchinoderms,  which  rank  next  to  the  ammonites  in  stratigiBphiori 
value,  are  well  represented.  Among  the  regular  echinoids  (8  genera  and  27  specie^X 
tlic  most  frequent  forms  are  Hemicidarut,  Acromlenia,  Pseudodiadema,  and  Cidanf, 
The  irrcgiilar  echinoids  are  represented  by  species  of  Echinchrifnu^  Ciffpeu$y  Pigwmi, 
&c. ;  the  asteroids  by  Agtropecten  and  Goniasler ;  the  crinoids  by  Apioeriniu^  Bciarffi^ 
tkrinuSf  Millerierinw,  and  Pentafirinus,  Polyzoa  are  abundant  (Diattopara^  Aiero- 
pora).  The  brachiopods  are  represented  by  species  of  Terelfratukij  BhyndiOHeaa,  TToU- 
heimia,  Terehratdla,  Crania,  &c.  Of  the  whole  Jurassic  lamellibranchs,  nombeiiDg 
05  genera  and  about  1360  species,  more  than  half  the  genera,  and  about  one-fifth  of  the 
bpecies,  are  found  in  the  Great  Oolite.  Specially  conspicuous  are  the  genera  PseifSa 
Lima,  Ostrea,  Avieuhj  A$tarte,  Modiola,  Pholadomya,  Trigonia^  Cardiwm^  Ana, 
Tancredia.  The  gasteropods  of  the  Great  Oolite  are  characteristic,  numberiBg  40 
genera,  of  which  only  16  genera  pass  up  into  the  Forest  Marble.  Among  tiie  noie 
characteristic  are  Acixonina,  Nerintsci,  Neriia,  Buceinum,  Murex,  JFWvs,  PaleBo. 
Seven  species  of  ammonite  occur,  of  which  six  are  peculiar  to  the  Great  Oolite,  tib., 
Am.  arhustigertu.  A,  discui  (passes  to  Combrash),  A,  graeilii,  A.  mieromphdbu,  A* 
Morrisii,  A,  stdjcotUractus,  and  A»  Waterhousii.  Characteristic  likewise  are  NaiUilut 
Biiheri,  N.  disjMnstu,  N,  suhcontracim,  BelemnU€&  aripiMillum,  and  B»  heminuB,  Of 
the  fishes,  the  genera  most  abundant  in  species  are  Pycnodui,  Ganodwt,  Hyboduij  and 
Strephoduf,  with  Acrodw,  Lepidotus,  PhoUdopliorm,  &c.  The  .'reptilian  remains  (13 
genera)  include  the  three  crocodilians  TeUo9auruB,  Strepiotpondyhu,  and  ^SSCeneosaiirKf; 
[chthyonaurm,  PlesiomuruB ;  the  pterosaurs  Pterodactylus  and  Bhamphorhpnt^uSj  sad 
the  dcinosaurs  Megalosaurwf,  Ceteosaurw,  and  Cardtodon, 

The  Forest  Marble  contains  a  much  diminislied  fauna.  Among  the  forms  peoolisr 
to  it  are  the  cchinoderms  Apioerinus  elegans,  Astropeclen  HuxUyi,  A,  PhiUipni,  Hemd' 
daris  alpina.  The  Bradford  Clay  of  Wiltshire  has  long  been  weU  known  for  its  pear- 
enerinites  (Apioerinites  roiuttdui),  which  are  found  at  the  bottom  of  the  clay  with  their 
base  attached  to  the  top  of  the  Great  Oolite  limesiona 

The  Combrash  is  rich  only  in  cchinoderms  (23  species),  lamellibranchs  (158),  and 
gasteropods  (28).  Among  its  peculiar  species  are  EchindbrtBsus  dunicularu,  HoUeiypui 
depresms,  Glyphma  scabroM,  Hippothoa  Smithii,  Hinnites  gradw,  Lima  rigidula,  Odrm 
spatiosa,  Pecten  cingtdatus,  Cardium  latum,  Leda  ro9trdlis,  Myaeik*  uaiformiti  Tngonia 
casifiope,  Adxonina  Bcarburgensis,  CeriteUa  coetata.  Its  ammonites  are  A.  ditcugf  A. 
Jlerveyi,  and  A,  macroc€pha1u$,  the  last-named  ranging  up  into  the  Kellaways  Bock 
and  Oxford  Olay.* 

The  Middle  or  Oxford  Oolites  are  composed  of  two  distinct  groups:  (1)  the 
Oxfordian,  and  (2)  the  Corallian. 

(1)  Oxfordian,  divisible  into  two  sub-stages;  (a)  a  lower  zone  of  calcaieoot 
abundantly  fossiliferous  sandstone,  known,  from  a  pkoe  in  Wiltshire,  as  the  Eellawayi 
Rock  (Callovian).  This  zone,  after  dying  out  in  the  midhind  counties,  xeappeui 
in  Linoolnshure  and  attains  a  considerable  importance  in   Yorkshire.     It  oontams 

'  Etheridge,  Q.  /.  GeoL  8oe,  1882,  Address,  p.  20fl. 
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168  species  of  foeeils,  of  which  oue  third  are  fotud  In  lower  ports  of  the  Jnruric 
•etiea,  and  nearlr  the  same  proportion  pMses  upward  into  higher  lonei.  AmoDg  its 
ohuaoteristio  forms  are  Anomia  in«q«itiahi»,  Oryjthaa  bitobafa,  Lima  nofafo,  (ktrea 
arehatypa,  0.  ttriaia,  Aaitlina  vtrtiaottata,  Cardium  nibdi$iimile,  OorbU  lavit,  Lneina 
lyrvta,  Trigonia  eonplawUa,  T.  pawiieotlala,  Alaria  artinoe,  Geritkinm  dbbrtvitUum, 
Ftumltrmarla  omoM,  AvnuBtutr*  alteniatu,  A.  aarituhu,  A.  BakeriK,  A.  Baugieri,  A. 
OTMoIdtiu,  A.  Sugami,  A,  fkxieotta^,  A.  Jiacluotia,  A,  goIi'afAiu,  A.  Heniiei,  A.  la- 
liw^ianiu,  A.  Lontdalei,  A.  oeybUui,  A.  planufo,  A.  (alrieiu,  A.  rarieoiUUui,  A.  Venumi; 
klao  Ane^fioeerm  oaUovimue  ud  NautUtu  eaOoeiemU.  Qi)  Oxford  Cla;— bo  sailed  (iroBi 
tbe  ume  of  the  oonnt;  thiongh  whkb  it  paMee  iu  iU  oonrso  btaa  the  coast  of  Dorset- 
■hire  to  that  of  YiKkshire — ootuiiti  mainl;  of  lasers  of  stiff  bine  and  brown  cl»7, 
MBrtimee  attaining  a  thiokaesa  of  600  foet.  From  the  natnie  of  its  material  and  the 
oonditions  of  its  deposit,  this  rock  is  deficient  in  some  forms  of  life  which  were  no 
donbt  kbnndant  in  neighbouring  areas  of  elearer  water.  Thus  there  are  no  corals,  only 
three  echinodenns,  no  polyioa,  and  lesa  than  a  dozen  braohiopods.  Bone  lamelli- 
l«ancha  are  abundant,  partlcnlarlf  Gry^uea  and  Ottrra  (bolh  fonoing  Kimetimea  wide 
OTstei-beds),  Lima,  At)leula,  Tenten,  Attartf,  Trigonia  (einrellata),  N»eula  (N,  nudo, 
if.  FkiUifil) — the  whole  having  a  great  limilailtj  to  the  aatemblages  in  the  olajcy 
beds  of  the  Lower  Oolite.  The  gagtetopoda  are  not  so  nnmerons  as  in  the  cal<sreaDB 
beds  below,  bnt  belong  mostly  to  the  same  genera.    The  anunonites,  especially  of 


the  Ornali,  Denlatl,  Flexuoti,  and  Arnial!  groups,  arc  plentiful, — A.  Duneani,  A,  Ellta- 
ieOue  (Javm'),  A.  Lambfrti,  A.  octilalm,  A.  omalut,  A.  athUla  being  chamoteriBtic.  The 
belemnitee,  which  also  are  freqnent,  include  B.  hailatui  (foond  all  the  way  from  Dorset- 
abire  to  Yorkahire),  also  li.  puniti'anua.  The  fishes  inclnde  the  genera  Aipidorhi/nclnie 
and  Lepidolu:  The  roptilinn  genera  IrMht/oKmrim,  3furxru»aurui,  Pletiotanmt, 
PluMaunit,  Slraptoipondyliu,  Megaloiaunu,  and  Friodonlogitathtu  have  been  noted. 

(2)  Oorallian,  traceable  with  local  modificationi  froni  the  coast  of  Dorset  to 
Yorksbiro.  The  name  of  this  group  is  deilved  from  the  nnmerons  corals  which  it 
contains.  According  to  the  recent  exhaustive  researches  of  Messrs.  Blake  and  Hudlc- 
aton,'  thia  group  when  complete  consists  of  the  following  BobdiTlBions : — 

6.  Supra-Cornllisa  btii — cUrs  and  griti,  JncludiDg;  the  Upper  CHlcsreaas  Grit  of 
f  orkshire,  and  the  Sandafoot  eiiiya  and  grits  of  Weymoath. 

5.  Coral  Rag,  a  rubbly  limestone  com[>o«ed  mninly  of  mswes  of  coriil. 

4.  Cornlline  Oolite,  a  maBiive  limestone  in  Yorkshire,  bat  dying  oat  saiilhnards 
and  reappearing  in  the  form  of  iditI  and  thin  limestone. 

X  Middle  Calcareons  Grit,  probably  peculiar  Id  Yorkshire. 

2.  Lower  or  Harablelon  Oolite,  not  cerliinly  rcrugnised  out  of  Vnrkbbire. 

1.  lyjwer  Calcareoai  Grit. 
The  corala  ate  found  in  maaseB  In  their  posltioiis  of  growth,  forming  tme  maaaive 
eortil-teetB  in  YorkBhire  (Tlianiiiaidrxa,  Iiailrxa,  Tkecoimilia,  RfiaMophgllia  (Fig.  365), 
Ac).    Numerous  sea-urchins  occur  in  many  of  the  bode,  particularly  CidarU  Jlorigtmma 

'  "On  the  Corellian  Books  of  EngUnd,"  Q.  J.  Cleol.  8oe.  xuiii.  g.  2fM, 
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(Fig.  367),  also  Pygurus,  PyganUr,  Hemicid^iris,  &c.  Brachiopoda  are  comparatiTcly 
infrequent.  The  lamellibrancbs  aro  still  largely  reproaentod  by  AviaUa^  Lima^  OtlrWy 
Pecten,  and  Crnjphxa  (flstrea  gregarea  and  Gryphxa  dUatata  being  specially  nimieroiii). 
Sixty-seYCu  species  of  gasteropods  are  known,  of  which  60  are  pecnliar  to  or  characte- 
ristic of  the  Corallian  stage.  Tlio  distinctive  ammonitoa  are  A,  ancep$alhuay  A,  habeauu$, 
A.  radoneiusiSf  A,  ruptllenm^A.plicqtilUi  A.  pseudo-cordatuf^  A,  retroflexui^  A,  WUliamtoiu. 
The  Upper  or  Portland  Oolites  bring  before  us  the  records  of  the  clpdiig  epochs 
of  the  long  Jurassic  period  in  England.  They  are  divisible  into  three  groups:  (1) 
Kinimeridgian,  at  the  base ;  (2)  Portlandian,  and  (3)  Purbeckian. 

(1)  Kimmeridgian,  so  name<l  from  the  clay  at  the  base  of  the  Upper  Oolites, 
well  developed  at  Kimmeridge,*  on  the  coast  of  Dorsetshire,  whence  it  ia  traoeaUr 
continuously,  save  where  covered  by  tho  Chalk,  into  Yorkshire.  Aocording  to  Mr.  J. 
F.  Blake  it  may  be  subdivided  into  two  sub-groups  or  sub-stages : — 

(Ji)  Upper  Kimmcridgian,  cunsisting  of  paper-shales,  bituminous  shales,  cement 
stouc,  and  clays,  characterised  by  a  comparative  paucity  of  species  of  fossils 
but  an  infinity  of  individuals ;  perhaps  650  feet  thick  in  Dorsetshire,  but 
thinning  away  or  disappearing  in  the  inland  counties.  This  zone  is  fairly 
comparable  with  the  "  Virgulian  sub-stage  "  of  foreign  authors. 

(a)  Lower  Kimmeridgian,  blue  or  sandy  clay  with  calcareous  "  doggers,"  represent- 
ing the  '*  Astartian  sub-stage  "  of  foreign  geologists.  This  is  the  great  re* 
pository  of  the  fossils  of  this  group.^ 

Among  the  more  common  fossils  are  numerous  foraminifera  (PtUrtdina  pvldtdh, 
Itobnlina  MUnsiert),  also  Serptda  letragona,  THscina  latimmaj  Exogyra  tnrgtda  (Fig. 
373),  E,  nana^  Thracta  depreua^  Corhula  Deshayesii,  Cardium  gtriatulum  (Fig.  373) 
Upwards  of  20  species  of  Ammonite  occur  only  in  this  stage ;  among  them  aie  A 
accipitris,  A.  Benyeri,  A,  Beaugrandi,  A,  decipims,  A.flexuosw^  A,  Kapfii^  A.  laXUrianw. 
A,  muiahilis.  A,  Thurmannu  Up  to  the  present  time  11  genera  of  fishes  are  known, 
and  their  14  species  aro  confined  to  this  stage.  The  S^immeridge  Olay  derivefl  its 
chief  palmontological  interest  from  the  fact  that  it  has  supplied  the  largest  number 
(45  species)  of  the  Mesozoio  genera  and  species  of  reptiles  yet  found  in  Britain. 
The  huge  deinosaurs  are  well  represented  by  six  genera,  Ceteoaaurus,  CrypiotauTUi. 
(rHjantosaurus,  Iguanodon,  Megalosaurus,  Omofaurus ;  the  pterosaurs  by  PierodaetyluB ; 
the  plesiosaurs  by  PUsioeaurus  and  Pliosaurus;  the  ichthyosaurs  by  Ichthyosaunu 
and  Ophthalmosaurus ;  chelonians  by  Enalioch  lys  and  Peldbatochelyg ;  and  crocodihans 
by  BothrioHpondyhifiy  DakosauruSf  Steneotauruf,  and  Tdeosaurui} 

(2)  Portlandian,  so  named  from  the  Me  of  Portknd,  where  it  is  typioallv 
developed.  This  group,  resting  directly  on  the  Kimmcridge  clay,  consists  of  tw- 
divisions,  the  Portland  Sand  and  Portland  Stone.  At  Portland,  according  to  Mr,  J.  F. 
Blake,  it  presents  the  following  succession  of  beds  in  descending  order ;  * — 

Shell  limestone  (Roach),  containing  castfl  of  Cerithvim  porthndicum  (very  abun- 
dant), So\cerhya  JDukeij  Buccinum  naiicoidf'Sy  and  casts  of  Drigonia, 

"  Whit-bed  " — Calcareous  Freestone,  the  well-known  Portland  stone  (Ammonit<'s 
giganteus), 

"Curf,"  another  calc4ireous  stone  {Ostrca  soUtaria). 

<' Base-bed/'  a  building  stone  like  the  whit-bcd,  but  sometimes  containing 
irregular  bands  of  flint. 

Limestone,  "Trigonia  bed"  (Trigonia  gibbosa  (Fig.  373),  Fema  mytiloidcs). 

Bed  (3  feet)  consisting  of  solid  flint  in  the  upper  and  rubbly  limestone  in  the 
lower  part. 

Band  (6  feet)  containing  numerous  flints  {Scrpida  gordialis^  Ostrca  m\dtiformis). 

Tliick  series  of  layers  of  flints  irregularly  spaced  [Ammonites  MoniensiSj  Tri- 
gonia  gibbosn,  T.  incur va). 

Shell-bed  abounding  in  small  oysters  and  serpuLnE  (Amnionites  pseudogigns, 
A.  triplex^  Plcurotoinaria  rugata,  R  Jiozetiy  Cnrdium  dissimiic  (Fig.  373),  Tri- 

,    gonia  gibbosa^  T.  incurm,  Plcuromya  tellino). 
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*  More  properly  Kimerid^e. 

«  J.  F.  Bbke,  **  On  the  Kimmcridge  Clay  of  England,*'  Q,  J.  Geol.  Soe.  xxxi. 

»  Etheridge,  Q.  J,  Gfol  Soe.  1882,  Address,  p.  221.    *  Q.  J.  CM,  Soe,  xxxvi  p.  189. 
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3tiff  blue  marl  without  fossils  (12  to  14  feet). 

Lirer-coloared  msrl  and  sand  with  nodules  and  bands  of  cement  stone — 26  feet 

(Mytilu9  atttissioddrensis,  Pecten  sofidus,  Cyprina  impiiGata,  Ammonites  biplcx, 

&c.). 
Oyster-bed  (7  feet)  composed  of  Exogyra  ht^mtt-utana.  ■      - 

xcUpw  sandy.  bed*T-»>10  feet  (Cypr«tkiim/>/«x/^,  ^  .. 

Sandy  marl  (at  least  30  feet)  passing  down  into  Kimmeridge  clay  (Ammonites 

hiplex,  Lima  bolorUensis,  Pecten  Morini,  Aticula  octacia,  Trigonia  tnctirra,  T. 

mutricata,  T.  Pellali^  Shynchonelh  portlandica,  Discina  humpfiriesiana). 

Among  Portlandian  foflsils  a  single  species  of  coral  {Tsastrte^  oblonga)  occtirs; 
echinoderms  are  scarce  (AerotaUnia  KOnigi,  &c.),  there  are  also  few  brachiopods.  The 
most  abundant  fossils  ate  lamellibranchs,  the  best  represented  genera  being  Trigonia^ 
AdarUj  Mjftihu^  Pecten^  Lima^  Pema^  Ostrea^  Cyprina^  Lueina^  Cardium,  Pleuromya. 
Eleren  speoles  of  ammonite  occur  {A.  giganteus,  pseudogigas^  holonieHsis,  gravesianus, 
peeiinatus).  Fish  are  represented  by  Qyrodus^  Hyhodus,  Ischyodus,  and  Pycnodus,  and 
some  of  the  older  Jurassic  reptilian  genera  {Steneasaurw,  Pl^osaurus,  Pliosaurus, 
Ceteosaurus,  Megalosaunui)  still  appear,  together  with  the  crocodile  Qoniopholis.^ 

(3)  Pnrbeckian. — This  group,  so  named  from  the  Isle  of  Purbeck,  where  best 
developed,  is  usually  connected  with  the  foregoing  formations,  as  the  highest  zone  of  the 
Jurassic  series  of  England.  But  it  is  certainly  separated  from  the  rest  of  that  series  by 
many  peculiarities,  which  show  that  it  was  accumulated  at  a  time  when  the  physical 
geography  and  the  animal  and  Ycgetable  life  of  the  region  were  undergoing  a  remarkable 
change.  The  Portland  beds  were  upraised  before  the  lowest  Purbcckian  strata  were  depo- 
sited. Hence,  a  considerable  stratigraphical  and  palaK>ntological  break  is  to  be  remarked 
at  this  linCi  The  sea-floor  was  converted  partly  into  land,  partly  into  shallow  estuaries. 
The  characteristic  marine  fauna  of  the  Jurassic  seas  nearly  disappeared  from  the  area. 
Fresh-water  and  brackish-water  forms  characterise  the  great  series  of  strata  which 
reaches  up  to  the  Neocomian  stage,  and  might  be  termed  the  Purbcck-Wealden  series. 

The  Purbeckian  group  has  been  divided  into  three  sub-groups.  Of  those,  the  lowest 
consists  of  fresh-water  limestones  and  clays,  with  layers  of  ancient  soil  ("  dirt  beds  **) 
containing  stumps  of  the  trees  which  grew  in  them ;  the  middle  comprises  about  130 
feet  of  strata  with  some  marine  fossils,  while  the  highest  shows  a  return  of  fresh-water 
conditions.  Among  the  indications  of  the  presence  of  the  sea  is  an  oyster-bed  (flsirea 
dMartd)  12  feet  thick,  with  Pecten^  Modiola,  Avicula,  Thracia^  &c.  The  fresh-water 
bands  contain  still  living  genera  of  lacustrine  and  fluviatile  shells  {Paludinat  Limn/tay 
PlanorhiSy  Physa,  Valvata,  Unto,  Cyclas).  Numerous  fishes,  placoid  and  ganoid,  haunted 
these  Purbeck  waters.  Many  insects,  blown  oflf  from  the  adjacent  laud,  sank  and  were 
entombed  and  preserved  in  the  calcareous  mud.  These  include  coleopterous,  orthopte- 
rous,  hemipterous,  neuropterous,  and  dipterous  forms  (Fig.  376).  Bemains  of  scvcml 
reptiles,  chiefly  chelonian,  but  including  the  old  Jurassic  crocodile  Goniopholis,  and 
likewise  some  interesting  dwarf  crocodiles  (Theriosuchus  is  computed  to  have  been  only 
18  inches  long),  have  also  been  discovered.  The  most  remarkable  organisms  of  this 
group  of  strata  are  the  mammalian  forms  already  noticed  (p.  785),  which  occur  almost 
wholly  as  lower  jaws,  in  a  stratum  about  5  inches  thick,  lying  near  the  base  of  tlie 
Middle  Purbeck  sub-group,  these  being  the  portions  of  the  skeleton  that  would  be  most 
likely  first  to  drop  out  of  floating  and  decomposing  carcases. 

France  and  the  Jura. — The  Jurassic  system  is  here  symmetrically  develoi>cd  in 
the  form  of  two  great  connected  rings.  The  southern  rings  encloses  the  crystalline  axis 
of  the  centre  and  south;  the  northern  and  larger  ring  encircles  the  Cretaceous  and 
Tertiary  basin  and  opens  towards  the  Channel,  where  its  separated  ends  point  across  to 
the  continuation  of  the  same  rocks  in  England.  But  the  structure  of  the  two  areas  is 
exactly  opposite,  for  in  the  southern  area  the  oldest  rocks  lie  in  the  centre  and  the 
Jurassic  strata  dip  outwards,  while  in  the  northern  region  the  youngest  formations  lie 
in  the  centre  and  the  Jurassic  beds  dip  inward  below  them.  Where  the  two  rings 
unite  in  the  middle  of  France  they  send  a  tongue  down  to  the  Bay  of  Biscay,    On  the 

»  J.  F.  Blake,  op.  eit,,  and  Etheridge,  op.  eit.}  Damon's  'iSfeolo^  o^  VrftyDaQ>i«si;  V^'^V* 
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eastern  side  of  the  country  the  Jurassio  system  is  copiously  developed,  and  [exteodi 
thcDce  eastwards  through  the  Jura  Mountains  into  Germany. 

The  subdivisions  of  the  Jurassic  system  in  the  north  and  north-west  of  Kranee 
belonging  to  what  has  been  termed  the  Anglo-Parisian  basin,  resemble  generally  ihoie 
established  in  England.  But  in  the  southern  half  of  the  country,  and  g^oerally  in  the 
Mediterranean  province,  the  facies  departs  considerably  both  lithologically  and  pabe- 
ontologioally  from  the  English  type,  more  particularly  as  regards  the  Upper  Jurassic 
rocks.  The  following  tabic  gives  a  summary  of  the  distribution  of  the  Juraaslc  system 
in  France :  * — 

10.  Portlandian,  separated  into  two  sub-stages.  At  the  base  lies  the  Porilan* 
dian  proper,  with  Ti-igomi  gibbosa  as  its  characteristic  fossil ;  and  at  the  top  the 
Purbeckian  marked  by  Coriuia  inflexa.  This  stage  is  best  developed  along  the 
coast  near  Boulogne-sur-mer,  where  it  is  composed  of  about  75  feet  of  days^  sands, 
and  sandstones,  with  Acrosahnia  Kccnigij  Perna  Boitchardi,  Echinobristus  Brodki^ 
Cardium  PelhU,  Trujonia  mdiata,  T,  gibbosa,  T,  incurca,  &c.  At  the  top  liet  a 
bed  of  limestone  containing  Cyrena  Feiiatiy  Cardium  dissimile,  and  covered  by  a 
travertin  with  Cypi^is,  which  may  represent  the  Pnrbeck  beds.  Far  to  the  south, 
m  Charent«,  some  limestones  containing  Portlandian  fossils  are  covered  by  others 
with  Citrhula  inflexa^  Phyaa^  Pcdudina^  &c,  which  may  represent  the  Purbeek  beds. 
Fresh-water  limestones,  gypsiferous  marls  and  dolomites  (about  200  feet),  aad 
containing  Corbuia  forbesiana,  Fhysa  wealdiana,  Valvata  helkoideSy  Tt-iyonia  gibbota, 
&c.,  occur  in  the  Jura,  round  Pontarlier  and  near  Morteao,  in  the  valley  of  the  Doubs. 
The  Upper  Jurassic  rocks  of  southern  France  and  the  southern  flank  of  the  Alps,  or 
what  has  been  termed  the  Mediterranean  basin,  present  a  facies  so  different  from  that 
which  was  originally  studied  in  England,  northern  France,  and  Germany  that 
much  difKculty  was  for  many  years  experienced  in  the  correlation  of  the  deposits, 
and  much  discussion  has  arisen  on  the  subject.  From  the  researches  of  Oppel, 
Beneekc,  Hubert,  and  later  writers,  the  true  meaning  of  the  southern  faciei  is  now 
better  understood.  It  appears  that  the  divisions  ranging  above  the  Oxfordian  are 
represented  in  the  southern  area  by  a  singularly  uniform  series  of  limestones, 
indicative  of  a  long  unbroken  deposition  in  deeper  water,  and  unvaried  by  those 
oscillations  and  occasional  terrestrial  conditions  which  are  observable  farther  north. 
The  name  ofTithonian  was  given  by  Oppel  to  this  more  uniform  suite  of  strata, 
which  were  marked  by  the  mixed  character  of  their  cephalopoda,  and  by  their 
peculiar  perforated  brachiopods  of  the  type  of  Tcrefjratuia  diphya  (janitor).  AroUnd 
Grenoble,  the  massive  limestones  resting  upon  some  marls  with  species  belonging  to 
the  zone  of  Ammonites  tenuiicbatus^  contain  TercbratxUa  diphya  associated  with 
ammonites  closely  linked  with  Neocomian  tyi>es.  In  the  Basses  Cevennes,  the 
limestones  attain  a  thickness  of  from  1200  to  1400  feet.  At  their  base  lie  marls 
and  marly  limestones  containing  Ammonites  macrocephaluSj  A,  transcersarius  and  A, 
cordatus,  A  band  of  blueish  limestone  with  bituminous  marls  (65  feet),  belonging 
to  the  zone  of  A.  bimammatus,  represents  the  Corallian.  Some  grey  limestones 
(260  feet),  with  A,  polyptocus,  contain  fossils  of  the  zone  of  A.  temtUobatuSj 
equivalent  to  the  Sequanian  stage.  These  are  succeeded  by  a  massive  limestone 
(330  feet)  with  Tvrcbratula  diphya  (Janitor)  and  Amm,  transitoriuSj  and  this  by  a 
compuct  white  limestone  (500  to  650  feet)  with  Terebrattda  moravioa  {Sepetlini^ 
Cidaris  glandifcra,  corals,  &c.  At  the  top  lie  some  limestones  (200  feet)  with 
Tcrebratula  diphyoides  and  many  ammonites  {A,  Calypso,  A,  privasensiSf  A, 
bc'rriast^siSy  &c.). 

0.  K  i  m  m  e  r  i  d  g  i  a  n  =  Kimmeridge  clay,  divided  in  central  and  northern  France  into 
the  following  four  sub-stages  in  ascending  order :  1,  Sequanian  or  Astartian  {Ostnti 
(fcltoideUf  zone  of  Ammonites  tcnuiiobatus)  ;  2,  Pterocerian  {Pteroccra  Oceania  zone  of 
Amm.  acantJiicus) ;  3,  Virgulian  {Exogyra  rirgula)  ;  4,  Bolonian  {Ammonitrs  gigas),  • 

*  Compiled  mainly  from  the  excellent  summary  in  De  Lapparenf  s  *  Gcologie.'  Th 
numbers  and  letters  begin  with  the  lowest  beds.  'See  also  A.  d^Orbigny's  •  Paleontotegit 
Francaise — Terrains  Oolithiques/  1842-1850 ;  D'Archiac,  *  Paleontologio  de  la  France  -^ 

18G8,  and  *  Paleontologie  Frau9ai8e,  continu<?e  per  une  reunion  de  Palcontologistcs 

Terrain  Jurasaiquc,*  in  course  of  jmblication ;  Hebert,  ♦Lcs  Mers  ancienneset  lenrr^ 
Kivages,  dans  le  Bnsain  de  Paris/  1857  (a  most  interesting  and  valuable  essay),  an.^ 
numerous  papers  in  Bull.  Soc,  Geol.  France ;  Monographs  by  Loriol,  Cottean,  Pell*.^ 
lloyer,  Tombeck,  Rigaux ;  Gosselefs  •  Esquiase.'  J.  F.  lilake,  Q.  J.  Ged,  Soc  1881,  p.  497, 
gives  a  bibliography  for  ^.VT.Yianc^,  wwl  Barrois  (Proe,  Gtol,  ilssoc)  gives  a  summary 
of  results  for  the  Boulonnaia. 
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In  Normandy,  the  Corallian  clays  with  Diceras  arietintan  are  covered  by  other  clays 
with  0$trea  deltoideoy  (Seqnanian),  and  nodular  limestone  with  Pterocera  OoeatU 
(Pterocerian),  followed  by  blue   clays   and  lumachelles  with  Exogyra   virgula 
(Virgulian).    In  the  Pays  de  Bray,  these  various  strata  are  330  to  400  fe«t  thick, 
and  are  surmounted  by  calcareous  marls,  sandstone  and  limestone  (115  to  160  feet) 
containing  Ostr^a  ccidlaunica,  Anomia  laevigata^  Hemiddaris  Hofmanni,  Eohwo* 
brissus  Brodiei,  Ostrea  brurUrutana,  and  representing  the  Bolonian  sub-stage.    The 
coast-section  near  Bonlogne-sur-mer  exposes  a  series  of  clays,  sands,  and  sandstones 
of  the  same  sub-stage  (180  feet),  from  which  a  large  series  of  characteristic  fossils 
has  been  obtained,  and  which  must  be  regarded  as  the  type  section  of  the  Bolonian 
beds.    The  strata  indicate  a  local  littoral  deposit  in  the  upper  part  of  the  Kimme- 
ridge  Clay.  In  the  French  Ardennes,  the  Seqaanian^  Pterocerian,  and  Virgulian  sub- 
stages  are  composed  of  a  succession  of  marls  and  limestones  (500  to  560  feet),  the 
Sequanian  marls  and  lumachelles  being  marked  by  Ostrea  deitoidea,  Ac,  the  Ptero- 
cerian limestones  by  Waidheimia  hitmeraiis,  Pterocera  pontic  &c.,  and  the  Virgulian 
marls  by  immense  numbers  of  Exogyra  virgtda.    In  the  Meuse  and  Haute  Marne,  a 
group  of  compact  limestones,  more  than  500  feet  thick  (Calcaires  de  Barrois),  with 
Amm,  gigas,  &c,  represents  the  Bolonian  sub^tage.     In  Yonne,  the  Sequanian 
sub-stage  consists  of  oolites  and  contains  a  reef  of  coral  full  of  bunches  o(  Septastrea, 
Montlivaitia^  Ac.    Towards  the  Jura,  this  sub-stage  (200  feet  thick)  consists  of 
limestones  and  marls  {ABtarte  mtntma);  the  Pterocerian  is  well  developed,  and 
shows  its  characteristic  fossils ;  while  the  Bolonian  comprises  the  so-called  **  Port- 
landian"  limestones  of  the  Jura,  its  upper  part  becoming  the  yellow  or  red 
unfossiliferous  '*  Portlandian  dolomite."      In   the  department  of  the  Jura,  the 
Pterocerian  sub-stage  contains  a  coral  reef,  more  than  300  feet  thick,  near  Saint 
Claude,  and  farther  south  another  occurs  at  Oyonnax.    In  the  same  region,  the 
Virgulian  sub-stage,  composed  of  bituminous  shales  and  thin  lithographic  limestones, 
has  yielded  numerous  fishes,  reptiles,  and  abundant  cycads  and  ferns.    The  position 
of  these  beds  b  fixed  by  the  occurrence  of  the  Exogyra  virgula  below  them,  and  of  the 
Bolonian  limestones  with  Nerintea  and  Amm,  gigas  above  them.     From  what  was 
said  above  under  the  Portlandian  stage,  it  will  be  seen  that  the  Kimmeridgian 
appears  in  a  totally  different  aspect  in  the  Mediterranean  basin,  being  there  com- 
posed of  thick  limestones  with  a  mixed  assemblage  of  ammonites,  and  characterised 
in  the  higher  parts  by  the  appearance  of  Tertbratuia  diphya. 
\s  Corallian,  divisible   into  (a)  Argovian,  or  zone  of  sponges  and  Amm,  cana* 
iiculatus;  (b)  Glyptician,  or  zone  of  Olyptichtts  hieroglyphicuSf  and  (c)  Dicera- 
tian,  or  zone  of  Diceras  arietinum.     The  sub-stages  6  and  c  comprise  the  zone 
of  Amm.  himammatus.    In  Normandy,  the  stage  presents  a  lower  assise  (Trouville 
oolite,  or  zone  of  Amtn.  Martelli)  composed  of  marly  and  oolitic  limestone  and  black 
clays  (^Echinobrissus  scutatus,  Trigonia  majors  &c.),  and  an  upper  coral-rag  with 
Cidaris  florigemma  and  a  dark  marl  with  Exogyra  nana;  the  whole  passing 
laterally  into   clays  (Havre).      In    the  Ardennes,   an    argillaceous  marl   (with 
Fhasianella  striata)  represents  the  Argovian  division,  and  is  surmounted  by  a  mass 
of  coral  limestone  (400  to  420  feet).     In  Haute  Marne,  the  Corallian  beds  attain 
a  thickness  of  330  feet,  but  are  mainly  formed  of  marls,  the  coral  beds  or  reefs 
dwindling  down  in  that  direction.    Sooth-westwards,  in  Burgundy,  massive  lime- 
stones with  corals  reappear,  with  lithographic  and  oolitic  limestones.    To  the  east 
also,  in  the  district  of  Besan^on,  the  stage  is  represented  by  130  to  200  feet  of  coral- 
limestone  with  compact  and  oolitic  bands,  and  sometimes  with  calcareous  marls 
that  abut  against  the  sides  of  what  were  formerly  coral-reefs.    Some  horizons  in 
the  Corallian  stage  are  marked  by  the  occurrence  of  remains  of  ferns  and  other 
land-plants  (Suint  Mihiel,  in  Lorraine ;  Dept.  of  Indre). 
r.  Oxford  ian,  divisible  into  (a)  Callovian,  with  zones  of  Amm,  macrocepfudus,  ux^ 
A,  anceps,  and  (6)  Oxfordian,  with  zones  A,  Lamberti,  A,*MariaB,  A,  cordatus.    This 
stage  is  well  exposed  on  the  coast  of  Calvados,  between  Trouville  and  Dives,  where  it 
attains  a  thickness  of  330  feet,  and  is  divisible  into  a  lower  sub-group  of  marb  (Dives) 
with  Amm,  Lamherti^  a  middle  sub-group  of  clays  (Villers)  with  A,  Marix,  and  an 
upper  sub-group  of  clays  with  A,  cordatus.  It  is  likewise  dbplayed  in  the  Boulonnais. 
North-eastwards,  in  the  Ardennes,  the  Callovian  sub-stage  appears  as  a  pyritous  clay 
(25  to  30  feet)  with  oolitic  limonite,  the  Oxfordian  as  a  series  of  clays,  marb, 
argillaceous  sandstone  (full  of  gelatinous  silica  and  locally  known  as  gaixe)  and 
oolitic  ironstone.     In  the  Cote-d*Or,  the  fossils  of  the  Callovian  and  Oxfordian  beds 
are  mingled  in  the  same  strata.     Round  Poitiers,  the  Callovian  division  b  upwards 
of  100  feet  thick.     Eastwards  it  dwindles  down  towards  the  Jura,  but  is  recognb- 
able  there  under  the  Oxfordian  pyritous  marls  (330  feet). 

3  ¥ 
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0.  Uathonian  (Grande  Oolithe)  may  be  ilivided  into  a  lower  i ub-eUge  (Vesoliaft) 
with  the  zone  of  Ostrea  acuminata  and  Amm.  ferrwjineuSy  and  an  upper  (Biudfordian) 
with  the  zones  of  Rhynchonella  decorata  and  Waldheimi.i  diyona  (Xnifii.  aspidoidea). 
In  Normandy,  it  consists  of  (a)  a  lower  group  of  strata  which  at  one  part  are  the 
l*urt-en-Bcs8iu  marls  (100  feet  or  more)  and  at  another,  the  famous  Caen  stone,  ao 
long  used  as  a  building  material,  and  which  from  its  saurian  and  other  remains 
may  be  paralleled  with  the  StonesHeld  slate ;  (6)  granular  limestone  (RauYiiie), 
bryozoan  limestone,  with  some  of  the  fossils  of  the  Bradford  Clay.  In  the  Ardennes, 
the  Fuller*s  Earth  is  represented  by  some  sandy  limestones,  lumachelles,  and 
granular  limestone,  with  Ostrea  acuminaUtf  Amm.  Parkinsoniy  Behmmiea  gigaiUeiu, 
&c. ;  the  Great  Oolite  by  a  massive  limestone  (160-20i)  feet)  with  Cardium  p€9-bo€i$y 
Purpntxt  miiiOXy  followed  by  150-180  feet  of  limestonea,  with  numerous  fossils 
(Hhynchonella  decorata^  E.  eiegantuia^  Ostrea  flabelloideSf  kc.).  The  limestones 
are  replaced  eastw^ards  by  marly  and  sandy  beds.  In  the  Oote-d*0r,  the  atiige 
is  largely  develojjed,  and  is  divided  into  three  sub-stages:  (a)  Lower  (115  feetX 
limestones  and  mnrls  with  zones  of  Ilomomya  giUtosa,  Tercbraiuia  MandcUlokif 
Pholadomya  buoardium;  (Ji)  Middle  (196  feet),  white  limestones  and  oolites  with 
zone  of  Amm.  arbxistigerusy  Purpura  glabra  and  cchinoderms ;  (c)  Upper  (82  feet)^ 
limestones  and  marls  with  Eudesia  cardiwn,  Wald/unmia  digona,  Pernoitrea  PdUUi^ 
Pentacrinus  Buvignieriy  and  with  land-plants  in  one  of  the  zones. 

5.  Bajocian  (Oolithe Inferiuure),  is  well  developed  in  the  department  of  Calradot, 
the  name  of  the  stage  being  taken  from  Bayeux.  Its  thickness  is  GO-80  feet,  and 
it  consists  of:  1,  Lower  limestone  {Amm,  Mwchisonie  ;)  2,  limestone  with  numerous 
ferruginous  oolites,  fossils  abundant  and  well  preserved  {Amm.  humpkriestoHuSf 
A.  Soicerbyi,  A.  Parkinsoniy  &c.) ;  3,  Upper  white  oolite  with  abundant  brachiopodi, 
8i>onges  and  urchins  (Amm,  Parkinsoniy  Tcrebrntuht  Phiilipsif  Stomechinus  6£^rtmi- 
larisy  &c.).  In  the  French  Ardennes,  the  stage  presents  a  lower  group  of  maris 
(32  feet)  with  Amm.  Murchisontv,  A.  Sotca-hyi,  &c.,  followed  by  an  upper  limestone 
o0-130  feet)  with  Amm,  Blagdcniy  A,  syfyradudus,  Belem,  giganteus,  &c.  Towards 
Lorraine,  this  limestone  becomes  charged  with  corals,  some  parts  being  true  ree£i. 
North  of  Metz,  the  stage  is  mostly  limestone,  and  reaches  a  thickness  of  330  feet. 
In  Burgundy,  the  stage  is  chiefly  a  crinoidal  limestone  (100  feet),  capping  boldly  the 
liussic  marls.  In  the  Jura,  it  attains  a  thickness  of  upwards  of  300  feet,  and  coa- 
sists  chiefly  of  limestone.  In  Southern  France,  it  swells  out  to  great  proportions, 
reaching  in  Provence  a  thickness  of  950  feet,  where  it  consists  of  the  following 
assises  in  ascending  order :  1,  Amm,  Murchisoiue  ;  2,  A,  Sauzci;  3,  A,  hun^riesiaHtu; 
4,  A,  nhrtensis. 

4.  T  0  a  r  c  i  a  n  (from  Thouars  =  Upper  Lias).  In  Lorraine,  this  stage  (330-370  feet 
thick)  consists  of  a  lower  scries  of  marls  followed  by  sandstone  and  an  oolitic 
brown  ironstone  containing  Ammonites  opalinuSf  A.  insignisy  Belemnites  etbbreviaUii, 
This  ironstone  is  traceable  from  the  Ard^che  to  Luxembourg.  In  the  Ardennes,  the 
stage  includes  a  lower  series  of  marls  and  clays  (300  feet)  with  Amm,  serpeiiUnw, 
a  middle  marl  containing  Amm,  radians^  A,  bifrons^  and  an  upper  limonite  (Longwy) 
with  Amm.  opaltnus,  Ostrea  ferrugineay  Tiigonia  navis.  In  Vonne  and  Cdte-d'Or, 
it  consists  of  the  following  members  in  ascending  order :  1,  marls  with  Fo$idomt 
and  lumachelle  with  Amm,  serpentinus  (15  to  30  feet);  2,  marls  with  A.  com- 
planatus  (20  feet);  3,  marls  with  Turbo  suffdapUcatm  (12  to  20  feet);  4,  blue 
marls  with  Canceliophycus  liassicus  (25  to  30  feet).  Near  St.  Amand,  Cher,  the 
stage  consists  of  nearly  200  feet  of  marls  and  clays  with  seven  recognisable  zones. 
In  the  Haute  Marne,  it  is  nearly  as  thick.  In' the  Rhone  basin,  it  consists  of  s 
lower  group  of  limestones  with  Pecten  ivQuiooiris,  and  an  ui>|>er  group  of  ferru- 
ginous beds,  including  an  important  seam  of  oolitic  ironstone,  and  containing  the 
zones  o(  Amm.  bifrons  and  A.  opalinus.  In  Provence,  it  reaches  a  thickness  of  950 
feet,  and  in  this  region  the  whole  Liassic  subiiivisions  attain  the  great  depth  of 
2300  feet.  In  Normandy,  the  Toarcian  stage  is  only  about  20  feet  thick,  bnt 
shows  the  characteristic  ammonite  zones. 

3.  L  i  a  s  s  i  a  n  (=  Middle  Lias).  In  Lorraine,  where  this  stage  reaches  a  thickness  of 
230  to  260  feet  it  consists  of  the  following  three  assises  in  ascending  order: 
1,  limestones  (Ammonites  Datm)  and  marls  ;  2,  marls  (A.  margaritatus) ;  3,  sand- 
stones (Grypha'a  regularis).  In  the  French  Ardennes,  it  is  360  feet  thick,  and 
comprises:  1,  sandy  clay  with  Amm.  jAanicosta,  Gryphiea  regularis,  Plicatvia 
fpinosa'j  2,  marl  with  Belemnites  clavatus,  Amm.  caprirornus ;  3,  Ferrugtnoos 
limestone  with  Amm.  spinatus,  Bel.  piixiiiosus.  Westwards  this  stage  becomes 
almost  wholly  marly.  In  Youne  and  Cote-d'Or,  it  is  divisible  into  three  assises, 
in  the  following  asceudrng  otdw  \  1,  B^Umulte  limestone  of  Venarey  (40  feet), 
comprising  the   zones  o£  (a)  Amm.  Yaldatvl,  ^^j  A,  tcwwtxvwi.j  (^'^  A.  Uenle^i 
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(d)  A,  Davtti ;  2,  micaceoas  and  pyritous  marls,  about  200  feet ;  3,  uodular  lime- 
stone with  large  gryphitei,  comprising  the  zones  of  (a)  Anun.  xeUSj  (b)  Pectin 
tpquiikUviSf  (c)  Atnm.  acanthus.  Near  St.  Amand,  Cher,  the  stage  consists  of  nearly 
300  feet  of  marls  and  marly  limestone  with  the  zones  of  (a)  Gnjphasa  regulariSf 
(6)  Anun.  ntricosUUuSj  (c)  A.  ibex,  (d)  A.  Darxxiy  (e)  A.  ituvyaritaitis,  \f)  A.  spinatus. 
In  the  Rhone  basin,  it  varies  np  to  340  feet  in  thickness,  but  in  Provence,  it  expands 
to  nearly  900  feet,  the  lower  half  comjwsed  chiefly  of  limestones  and  the  upi)er  half 
of  marls.     In  Normandy,  it  is  chiedv  belemnitc  limestone,  50  to  65  feet  thick. 

2.  Sinemurian  (=  Lower  Lias).  This  stage  (Lias  k  grvphecs  arquees)  is  typically 
develo|>ed  at  Semur,  C6te-d'0r  (whence  its  name),  where  it  consists  of  nodular 
gryphitc  limestone  with  marly  bands  (23-26  feet),  and  is  divisible  into  three 
zones,  which,  counting  from  below,  are  marked  respectively  by :  1,  Ammonites  roii* 
formis;  2,  A,  Buckkmdi;  3,  A.  stellaris.  Near  St.  Amand,  Cher,  it  is  composed  of 
about  15  feet  of  marly  limestone,  which  represent  only  its  upper  part.  In  the 
Haute  Marne  and  Jura,  it  is  a  limestone  with  curved  gryphites,  and  ranges  from 
15  to  25  feet  in  thickness.  In  the  basin  of  the  Rhone  it  is  a  calcareous  formation, 
20  to  25  feet  thick,  containing  the  zones  of  Ammonites  Davidsoni,  A,  stellaris, 
A.  oxynotuSj  and  A,  planicasta.  Further  south,  it  swells  out  in  Provence  to  275  feet, 
and  is  separable  into  a  lower  group  with  Amm.  Bucklandiy  and  a  higher  with 
Delemnitcs  actUuSy  Amm.  hisulcatus.  In  Normandy,  it  is  about  100  feet  thick, 
and  comprises  clays  and  marly  gryphite  limestones  {^Ammonites  hisvdcatus\  sur- 
mounted by  gryphite  limestones  and  clays  {Belemnites  brevis,  Waldheimia  cor.). 

[.  Hettangian(=  Infra-Lias),  marly  and  shelly  limestones  with  Ammonites  plcmorhiSy 
&c.  (corresponding  to  the  Angulatus  and  Planorbis  zones  at  the  base  of  the  Lias), 
resting  conformably  on  the  sandstones,  marls,  and  bone-bed  of  the  Aricuia  contorta 
zone  or  Rhoctic  group.  In  Lorraine,  this  stage  is  only  13  feet  thick.  In  Luxembourg, 
the  lower  or  Planorbis  zone  is  composed  of  dark  clays  alternating  with  bands  of 
fetid  limestone  (10-40  feet).  The  upper  or  Angulatus  zone,  consisting  mostly  of 
sandstone  (200  feet),  is  well  seen  at  Hottange,  whence  the  name.  This  zone 
becomes  less  sandy  as  it  advances  into  Belgium,  where  it  forms  the  Marne  de 
Jamoigne.  The  Hettangian  stage  of  Burgundy  is  thin,  and  is  composed  of  a  lower 
Lumachelle  de  Bourgogne  (Ostrea  xrregxdarisy  Vardinia  Listeria  Ammonites  Burgvndixi) 
and  an  upper  marly  limestone  known  as  "  Foie  de  Veau  "  {Ammonites  Burgundiie, 
A.  moreanwf).  In  the  basin  of  the  Rhone,  the  Planorbis  zone  is  about  40  feet  thick, 
and  the  Angulatus  zone  20  to  26  feet.  In  Cotentin,  the  stage  is  divisible  into  a 
lower  sub-group  of  marls  {Mytiius  minutus,  CorhiUa  Ludoviae)  and  an  upper  sub- 
group of  limestones  {Cardinia  concinnn,  Pcctcn  vidonicnsis). 

One  of  tho  most  interesting  features  of  tlio  Lias  in  the  northern  or  Jura  imrt  of 
Switzerland  is  the  insect  beds  at  Scliambelen  in  the  Canton  Aargau.  The  insects  are 
cttcr  preserved  and  much  more  Taric<l  than  in  tho  English  Lia^,  and  include 
•preaentativeB  of  Orthoptera,  Neuroptera,  Goleoptera  (upwards  of  100  i|>ecies  of  beetles), 
lymenoptera,  and  Hemiptera.  About  half  of  the  beetles  are  wood-eating  kinds,  so 
fiat  there  must  have  been  abundant  woodlands  on  the  Swiss  dry  land  in  Liassic  time.' 

Qermany. — In  north-western  Germany  the  subjoined  classification  of  tho  Jurassic 

ystcm  has  been  adopted : ' — 

Purbeck  group  (Serpulit,  a  limestone  100  feet  thick,  and  Miinder  Mergel,  a 
series  of  red  and  green  marls,  with  dolomite  and  gy}>sum,  at  lea^t  1000  feet 
thick),  forming  a  transition  between  the  Purbeck  and  Portland  groups. 
Eimbeckhauser  Plattenkalke  and   zone  of  Amm.  yiiJiis,  equivalent   to   the 
English  Portland  group. 
►^  ^  jKimmeridge   group,  Upper,  with  Exogyra  riV</M/(i  =  Virgulian ;  Middle  or 
^2'      Pteroccra  Ms  (Pterocerian) ;  Ix)wer  (Astartian,  Upper  Sequanian),  with 
o  ^       Nerinmt  beds  and  zone  of  Tercftnttulu  humendts.* 

Corallian,  with  Cidaris  fiorigemma,  corals,  Pecten  rariutiftf  &c. 
Oxfordian,  with  Orypfixa  dilatata,  Amm.  pentrnudus. 
Clays  with  Amm.  ornatus,  A.  Jason,  A.  Lamlnnrti. 
^Shales  with  A.  macrocepfudits  (Callovian). 
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"  Hccr.  *  Urwelt  dcr  Scliweiz,'  p.  82. 

*  Heinr.  Credner,  Ober.  Jura  in  N.  W.  Deutschland,  1803.  Sec  also  the  works  of 
topol  ancl  Qucnstedt  quoted  on  p.  787.  and  K.  von  Seebach's  Der  JIannoversche  Jura, 
S^.    Brauns*  Unter.,  Mittl.  und  Ober.  Jura,  1869, 1871, 1874. 

»  Sfruckmann,  N.  Jahrb,  1881  (ii.)  p.  102. 
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Upper  p*  Cornbrash  "  with  Avicula  echinaia,  Amm,  posterns. 

20-100  <<  Shales  with  Ostrea  Knorri,  Amm,  ferrugineua. 

ft.  [Zone  of  Amm.  Parkinsoni, 

Middle  fCoronaten-Schichten,  clays  with  Bekmnites  giganteuSy  Amm,  hum' 

50  ft.  \    phriesianuSy  Amm.  Braikenridgi, 

Lower  [Shales,  sandstones,  and   ironstones,  with   Inoceramva  poiyplocMS, 
up  to  500<     Amtn,  Mwrchisonm, 

fb.  (Clajs  and  shales  with  Amm,  iorulosw^  A,  qpalmus, 

.y  TGrey  marls  with  Amm,  jurensis  (Jorensis-Mergel). 

on.^  -i Bituminous  shales  (Posidonien-Schiefer)  with  Amm,  ItfthauiSj  A, 

'     \    communis f  A.  bifrons^  Fosidonia  Bromu, 
Middle    [Clnys  with  Amm,  spvuitus,  A.  amaltheua. 
80-l(.0  <  Marls  and  limestones  with  Amm,  capricomuSy  A.  DavcBi, 
ft.       \Dark  clays  and  ferruginous  marls  with  A.  brevispina. 

i Clays  with  Amm,  oxynotusy  A,  rarioostatits  (Oxjnotenlager). 
Blue-grey  clays  with  ^4.  Bucklandi  (Arietenschichten). 
Dark  clays  with  A,  angulatus  (Angnlatenschichten). 
Dark  clays  and  sandy  layers  with  A,  planorbis  {paihnotus)  (Psilo- 
notenschichten). 


lu  lithological  characters  the  German  Lower  or  BiackJara  presents  many  pointi 

of  resemblance  to  the  English  Lias.  Some  of  the  shales  in  the  nppcr  diyision  are  no  bitomi- 

noiiB  as  to  be  workable  for  mineral  oil.  With  the  general  succession  of  organisms  also,  so 

well  worked  out  by  Oppel,  Quenstedt,  and  others,  the  English  Lias  has  boon  found  to  agree 

closely.    The  Dogger  or  Brown  Jura  represents  the  Lower  Oolite  of  England 

and  the  Stages  Bajocien  and  Bathonien  of  France.    Its  lower  diyision  consists  mainly 

of  dark  clays  and  shales,  passing  up  in  Swabia  into  brown  and  yellow  sandstones  with 

oolitic  ironstone.    The  central  group  in  northern  Germany  differs  from  the  oorrespond- 

ing  beds  in  England,  France,  and  southern  Germany  by  the  great  preponderance  of  dark 

clays  and  ironstone  nodules.    The  upper  group  consists  essentially  of  clays  and  shales 

with  bands  of  oolitio  ironstone,  thus  presenting  a  great  difference  to  tho  massive  csl* 

careens  formation  on  the  same  platform  in  England  and  France.    The  Malm,  or 

Upper  or  White  Jura  corresponds  to  tho  Middle  and  Upper  Oolites  of  England,  Arom 

the  Kellaways  rock  upwards,  with  the  equivalent  formations  in  Franco.    It  is  upwards 

of  1000  feet  thick,  and  derives  its  name  from  the  white  or  light  colour  of  its  rucios  con- 

tmstod  with  the  dark  tints  of  the  Jurassic  strata  below.    It  consists  mainly  of  white 

limestones  in  many  varieties;  other  materials  are  dolomite  and  calcareous  marl.    Its 

lower  (Oxfordian)  group  is  essentially  calcareous,  but  with  some  of  the  fossils  which 

occur  in  tho  Oxford  clay,  e.g.  Ammonites  omatus  and  Gryphxa  dilatata.    The  massiTe 

limestones  with  Cidaris  florigemma  are  the  equivalents  of  the  Corallian.    The  Kimrae- 

ridge  group  presents  at  its  base  beds  equivalent  to  part  of  the  Sequanian  or  Astartian 

sub-stage  of  France  (Astarte  supracoraUina^  Natica  globosa,  &c.),  with  such  an  abundance 

and  variety  of  the  gasteropod  genus  Nerinxa  that  the  beds  have  been  named  the 

•*  Nerincen-Schichtcn."    Above  these  come  beds  with  Fterocera  Occani  (PterooerianX 

marking  the  central  zone  of  the  Kimmeridgfan  stage.    Higher  still  lie  compact  and 

oolitio  limestones  with  Exogyra  virgula  (Yirgulian).    At  the  top  come  limestones  and 

marly  clays  with  Ammonites  gignnteus  (Portlandian).    The  most  important  member  of 

the  German  Eimmeridgian  stage   is  undoubtedly  the  limestone  long  quarried  for 

lithographic  stone  at  Solcnhofen,  near  Munich.    Its  excessive  fineness  of  grain  has 

enabled  it  to  preserve  in  tho  most  marvellous  perfection  the  remains  of  a  remarkably 

varied  and  abundant  fauna  both  of  the  soa  and  land.    Beside  skeletons  of  fishes 

(AspidorhynchuSf  Lepidottis,  Megalums),  ceplmlopods  showing  casts  of  their  soft  part^ 

crabs  with  every  part  of  tho  integument  in  place,  and  other  denizens  of  the  water,  there 

lie  tho  relics  of  a  terrestrial  fauna  washed  or  blown  into  tho  neighbouring  shallow 

lagoons— dragonflies  with  the  lace-work  of  their  wings,  and  other  insects ;  the  entire 

skeletons  of  Pterodactyle  and  Rhamphorhyncus,  in  one  case  with  the  wing  membrane 

preserved  (Figs.  380-82),  and  tYvci  tetaama  of  the  earliest  known  bird,  ArdutopitrfX 


Sbct.  iL  I  2.]  JUBASSIC  SYSTEM.  805 

(pp.  783,  786).  The  German  Purbeck  group  attains  an  enormous  deyelopment  in 
Westphalia  (1650  feet),  where,  between  limestones  full  of  CorbuUif  PcducUna,  and  CyeUu, 
pointing  to  fresh-water  deposition,  there  occur  beds  of  g3rpsum  and  rock-salt 

Alps. — ^The  Jurassic  system  in  the  Alpa  is  not  so  well  developed  as  in  other  parts  of 
Europe.  The  Uas  is  there  recognisable  by  fossils  which  in  their  specific  forms  and 
general  succession  may  be  paralleled  in  a  broad  way  with  those  of  the  same  formation 
elsewhere.  It  lies  conformably  on  the  Rh»tio  rocks,  but  between  it  and  the  overlying 
Jurassic  groups  there  is  a  marked  unconformability.  The  higher  part  of  the  Alpine 
Jurassic  system  belongs  to  the  Tithonian  facies  already  referred  to.  Above  the  zone  of 
Ammonites  {OppeUia)  tenuilobatus  (Afpidoeeras  aeanthicum)  comes  a  mass  of  strata 
consisting  sometimes  of  reddish  well-bedded  limestones  so  full  of  Terebratula  diphya 
(^  janitor)  as  to  be  named  the  '*  Diphya-limestone  " ;  sometimes  of  thick-bedded  or  massive 
light-coloured  limestones  (Stramberg  limestone,  from  Stramberg  in  Moravia).  The  lime- 
stones are  often  crowded  with  cephalopoda,  of  which  a  large  number  of  species,  many  of 
them  peculiar,  have  been  noticed  (Amm,  (Phylloceras)  ptychoicusj  A»  vclanensisy  A. 
hybonotus,  A.  transitorius^  A,  lithographicus).  The  shales  or  impure  shaly  lime^itones 
are  sometimes  full  of  the  curious  cephalopod-appendages  known  as  Aptyckus  (Aptychus- 
beds).  Borne  of  the  more  massive  limestones  are  true  coral  reefs.  Many  of  the 
limestone  escarpments  of  the  Alps  (Hochgebirgskalk)  are  referable  to  the  Terebratula 
diphya  beds.  In  some  places  they  are  overlain  by  the  Diphyoiiles-beds  (with  Tere- 
hratula  diphyoidea),  elsewhere  they  pass  insensibly  upwards  into  the  so-called  Biancone 
— a  white  compact  siliceous  limestone  containing  Cretaceous  cephalopods.  The  Diphya- 
limeetone,  with  its  peculiar  fossils,  appears  to  range  from  the  Carpathians  through  the 
Alps  and  Apennines  (where  it  occurs  as  a  marble)  into  Sicily.' 

Hussia. — The  upper  members  of  the  Jurassic  system  are  prolonged  into  the  south 
and  east  of  Russia,  where  they  contain  so  many  peculiar  and  so  few  common  organic 
remains  that  their  oorrelation  with  the  rest  of  the  European  Jurassic  rocks  has  been 
rendered  difficult.  The  following  stages  in  descending  order  have  been  determined : 
d,  Yolgian,  composed  of  (a)  Upper,  with  Amm.  eatenulatus.  A,  Kcenigi ;  (&)  Lower,  with 
Amm,  virgatus.  2,  Oxfordian,  with  an  upper  group  (Amm.  allernans)  and  a  lower 
(il.  cordatus).  1,  Callovian,  with  the  zones  of  Amm,  omatuSj  A.  coronatus,  and  A.  macro- 
eephalus.  These  strata  appear  to  lie  directly  upon  variegated  Permian  marls,  and  they 
are  covered  by  the  Inocemmus-clay  of  Simbirsk,  which  is  referred  to  the  Neocomian 
aeries.* 

19'orth  AmeriQa. — So  far  as  yet  known,  rocks  of  Jurassic  age  play  but  a  subor- 
dinate part  in  North  American  geology.  Perhaps  some  of  the  red  strata  of  the  Trias 
belong  to  this  division,  for  it  is  difficult,  owing  to  paucity  of  fossil  evidence,  to  draw  a 
Mitisfactory  line  between  the  two  systema  Strata  containing  fossils  believed  to 
represent  those  of  the  European  Jurassic  series  have  been  met  with  in  recent  years 
during  the  explorations  in  the  western  domains  of  the  United  States.  They  occur 
among  some  of  the  eastern  ranges  of  the  Rocky  Mountains  (Colorado;  Black  Hills, 
Dakota;  Wind  Bivcr  Mountains;  Uiuta  Mountains;  Wahsatch  range,  &c.),  as  well  as 
in  the  Sierra  Nevada  and  other  localities  on  the  western  side  of  the  watershed.  They 
have  been  recognised  also  far  to  the  north,  beyond  the  great  region  of  Azoic  and 
Palflsozoic  rocks,  in  the  Arctic  portion  of  the  continent.  They  consist  of  limestones  and 
marls,  which  appear  seldom  to  exceed  a  few  hundred  feet  in  thickness.  The  fossils 
inolude  species  of  Pentacrinus,  MonoiiSy  Trigonia^  Lima,  AmmoniteSj  and  Bdemniles. 

'  In  the  volaminous  literature  of  this  subject  the  following  works  may  be  consulted : 
Oppel,  Z.  Deutseh-  GeoL  Oes,  xvii.  (1865)  535 ;  Neumavr,  Abhandl.  Geol  ReichMnttiiU.  v. ; 
Ztttel,  Palaont.  MitheiL  Mua,  Bayer.;  Hubert,  BtiU.  6oe.  Gid,  France,  ii.  (2)  p.  148, 
zL  (8;  p.  400 ;  E.  W.  Benecke,  *  Trias  und  Jura  in  den  Siidalpen,'  1866 ;  *  Geog^ostisch. 
Paliontologische  Beitrage,'  8vo,  Munich,  1868 ;  C.  Moesch,  *  Jura  in  den  Alpen,  Ostsch- 
weiz,'  1872.    See  also  the  *  Jura-studien/  &c.,  of  Neumayr,  already  cited  (p.  786). 

■  Neumayr,  Geogn.  PalaeantoL  Beitrage,  1876,  vol.  ii.  A.  Pavlow,  BM  8oc.  GSoL 
Ranee,  (3)  xii.  (1884),  p.  686. 
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But  Professor  Marsh  has  brought  to  light  from  the  upper  Jurassic  strata  of  Colorado  a 
remarkable  scries  of  reptilian  forms  which  have  given  a  wholly  new  interest  and 
importance  to  the  Jurassic  rocks  of  America.  Among  remains  of  fish  {Ceratodut^ 
tortoises,  ptorodoctyles,  and  crocodilians,  he  has  recognised  the  bones  of  herbivorons 
dcinosaurs  (Atlantosaurus,  Brontosaunis,  MorosaumSf  Apatosaurtui),  tog^ethcr  with  the 
carnivorous  Creosaurus  and  the  curious  ostrich-like  LaoMurtu,  With  this  rich  and 
striking  reptilian  fauna  are  associated  the  remains  of  some  small  marsupials  (^DryoUttei 
priscusj  Stylacodon  gradlii), 

Asia.— In  India,  as  already  stated,  the  upper  part  of  the  enormous  Gondw^ 
system  is  jiossibly  referable  to  the  Jurassic  period.  In  Cutch,  however,  a  maiino  series 
of  strata  occurs  containing  a  representation  of  the  European  Jurassic  system  from  the 
Inferior  Oolite  up  to  the  Portland  inclusive.  These  rocks  attain  a  thickneM  of  6300  fleet, 
of  which  the  lower  half  is  chiefly  marine  and  the  upper  mainly  fresh-water.  Amcng 
the  zones  recognised  by  Htoliczka  were  those  of  AmmoniteB  macrocephalu$^  A.  oiiMpi, 
and  A.  athkta  of  the  Kellaways  (Oallovian)  group ;  A,  Lattiberli^  A,  cordatut,  A.  trant- 
tersarius  of  tlie  Oxford  clay ;  A.  tenuUohatus  of  the  Kimmeridgc.^ 

Australasia. — The  existence  of  Jurassic  rocks  in  Queensland  and  Western 
Australia  has  been  demonstrated  by  the  discovery  of  recognisable  Jurassic  species  and 
others  closely  allied  to  known  Jurassic  forms.^  Traces  of  the  same  system  have  bcoo 
found  in  New  Caledonia  and  the  northern  end  of  New  Guinea. 

In  New  Zealand  a  tliiok  series  of  rocks  classed  as  Jurassic  is  subdivided  as  follows:— 

Mataura  scries,  estuarine,  with  terrestrial  plants  (8  8i>ccio8  known). 

Putakaka  series,  marlstones  and  sandstones  passing  into  conglomerates,  ami  endMini; 

plant-remains  and  irregular  seams  of  coal ;  marine  fossils  (11  species  known)  of 

Middle  Oolite  facies. 
t'lag  Hill  series,  with  si)ecie8  of  JihynchonclUi,  Terchratuiit^  Spirifenwif  &c. 
l.'atlin*s  River  and  Bastion  scries,  consisting  in  the  upper  part  of  conglomerates 

and  grits,  with  obscure  plant-remains,  and  in  the  lower  part  of  sandstones. 

Fossils  abundant  (especially  ammonites),   and  affording  means   for  defining 

horizons.    This  division  is  referred  to  the  Lias.' 

Section  iii.    Cretaceous. 

The  next  groat  Bories  of  geological  fonnations  received  the  name  of 
Cretaceous  system,  from  the  fact  that,  in  north-western  Europe,  one  of 
its  most  important  members  is  a  thick  band  of  white  chalk  (creia).  It 
presents  very  considerable  lithological  and  palaeontological  difieroncos  as 
it  is  traced  over  the  world.  In  particular,  the  white  chalk  is  almost 
wholly  confined  to  the  Anglo-Parisian  basin  where  the  system  was  first 
studied.  Probably  no  contemporaneous  group  of  rocks  presents  moro 
remarkable  local  differences  than  the  Cretaceous  system  of  Europe. 
These  differences  are  the  records  of  an  increasing  diversity  of  geo- 
graphical conditions  in  the  history  of  the  Continent. 

§1.    General  Characters. 

RocK5?. — In  the  European  area,  as  will  be  afterwards  pointed  onU 
in  more  detail,  two  tolerably  distinct  areas  of  deposit  can  be  recognised* 
bach  with  its  own  character  of  sedimentary  accumulations,  as  in  th9 
case  of  the  Jurassic  system  already  described.     The  northern  traci 

>  Modlicott  and  Blanford'a  *  Geology  of  India,'  p.  263. 

-  Moore,  Q.  /.  Geol  8oc.  xxvi.  261.    Vf,  B.  Clarke,  op,  cU,  xxiii.  7. 

»  Hcctoi'B '  Handbook  o^'^^N?  ^li(W5.\»x\^,'  ^."^V. 
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includes  Britain,  the  lowlands  of  central  Europe  southwards  into  Silesia, 
Bohemia,  and  round  the  Ardennes  into  the  basin  of  the  Seine.  The 
southern  region  embraces  the  centre  and  south  of  France,  the  rauge  of 
the  Alps,  and  the  basin  of  the  Mediterranean  eastwards  into  Asia.  In 
the  northern  area,  which  appears  to  have  been  a  basin  in  great  measure 
rfiut  off  from  free  communication  with  the  Atlantic,  the  deposits  are 
largely  of  a  littoral  or  shallow-water  kind.  The  basement  beds,  usually 
sands  or  sandstones,  sometimes  conglomerates,  are  to  a  largo  extent 
glauconitic  (greensand).  The  marked  diffusion  of  glauconite,  both  in 
the  sandstones  and  marls,  is  one  of  the  distinctive  characters  of  this 
series  of  rocks.  In  Saxony  and  Bohemia,  the  Cretaceous  system 
consists  chiefly  of  massive  sandstones,  which  appear  to  have  accumulated 
in  a  gulf  along  the  southern  margin  of  the  northern  basin.  Consider* 
able  bands  of  clay,  occurring  on  different  platforms  among  the  European 
Cretaceous  rocks,  are  often  charged  with  fossils,  sometimes  so  well 
preserved  that  the  pearly  nacre  of  the  shell  remains,  in  other  cases  en- 
crusted or  replaced  by  marcasito.  Alternations  of  soft  sands,  clays,  and 
shales,  usually  more  or  less  glauconitic,  are  of  frequent  occurrence  in  the 
lower  parts  of  the  system  (Neocomian  and  older  Oenomanian).  The  cal- 
careous strata  assume  sometimes  the  form  of  soft  marls,  which  pass  into 
glauconitic  clays,  on  the  one  hand,  and  into  white  chalk,  on  the  otheri 
The  white  chalk  itself  is  a  pulverulent  limestone,  mainly  composed  of 
fragmentary  shells  and  foraminifera.  Its  upper  part  shows  layers  of 
flints,  which  are  irregular  lumps  of  dark-coloured,  somewhat  impure 
chalcedony,  disposed  for  the  most  part  along  the  planes  of  bedding,  but 
sometimes  in  strings  and  veins  across  them.  The  flints  frequently 
enclose  silicified  fossils,  ^especially  sponges,  urchins,  brachiopods,  &c.  (see 
pp.  170,  457).  The  chalk,  in  some  places,  becomes  a  hard  dull  limestone, 
breaking  with  a  splintery  fracture.  Nodular  phosphate  of  lime,  occurring 
on  different  horizons  in  the  system,  is  extensively  worked  as  a  source  of 
artificial  manure.  The  terrestrial  vegetation  of  the  period  has  in  dif- 
ferent places  been  aggregated  into  beds  of  coal.  These  occur  in  north- 
western Germany  among  the  Wealden  deposits,  where  they  are  mined  for 
use ;  also  among  the  Cenomanian  series  of  Saxony  and  the  Senonian  of 
Magdeburg.  The  upper  Cretaceous  (Laramie)  rocks  of  the  Western 
Territories  of  the  United  States  consist  largely  of  sandstones  and  conglo- 
merates, among  which  are  numerous  important  seams  of  coal.  Beds  of 
concretionary  brown  iron-ore  are  likewise  present  in  the  Cretaceous  series 
of  Hanover.  In  the  southern  European  basin,  where  the  conditions  of 
deposit  appear  to  have  been  more  those  of  an  open  sea  freely  communi- 
cating with  the  Atlantic,  the  most  noticeable  feature  is  the  massiveness, 
compactness,  and  persistence  of  the  limestones,  which  cover  a  large  part 
of  southern  Europe.  These  rocks,  often  crowded  with  hippuritids,  from 
their  extent  and  organic  contents,  indicate  that,  during  Cretaceous  times, 
the  Atlantic  extended  across  the  south  of  Europe  and  north  of  Africa, 
Ear  into  the  heart  of  Asia,  and  may  not  impossibly  have  been  connected 
across  the  north  of  India  with  the  Indian  Ocean. 
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LiPE. — The  Cretaceous  system,  Ixith  in  Europe  and  North  America, 
presents  BUCoeHsiye  platforms  on  which  the  land  vogetation  of  the  period 
has  been  preserved,  though  moet  of  the  strata  contain  only  marine 
organisms.  This  terreBtrial  flora  possesRoe  a  great  interest,  for  it 
includes  the  earliest  kuown  progeniturs  of  the  abundant  dicotyledtmons 
angiosperniB  of  the  present  duy.  In  the  earlier  part  of  the  Cretaceous 
period,  it  appears  to  have  closely  resembled  the  vegetation  of  the  preTions 
ages,  for  the  same  genera  of  feme,  cycade,  and  conifers,  which  formed 
the  JuraGsio  woodlands,  are  found  in  the  rocks.  Yet  that  angiosperms 
must  have  already  existed  is  made  almost  certain  by  the  saddrai 
appearance  of  numerous  forms  of  that  class,  at  the  base  of  the  Upper 
Cretaceous  formations  in  Saxony  and  Bohemia,  whence  forma  of  Aar, 
Alttug,  Credneria,  Cunninghamilea,  SaJix,  &c.,  have  been  obtained.  Still 
more  varied  and  abundant  is  the  dicotyledonous  flora  preserved  in  the 
Upper  Cretaceous  formations  in  Westphalia,  from  which  53  speoiee  of 
dicotyledonous  plants  have  been  obtained,  belonging  to  the  genera 
Popului,  Myrica,  Quercat,  Ftciit,  Credneria,  Yiburnum,  Aralia,  Eucalfp- 
lus,  &c.,  besides  al^,  ferns,  cycads,  conifers  and  varioos  raonoootyle- 


dons.'  Another  rich  Cretaceous  flora  is  found  in  tho  cairesponding  beds 
at  Aix-la-Ohapelle.  It  includes  numerous  ferns  (Qleirhenia,  Lggodtttm, 
Anplenium,  Pleridoleimma),  conifers  (^Sequoia),  and  three  or  foar  kinds 
of  screw-pine  (Poiwianu*),  The  prevalent  forms  which  give  so  modem 
an  aspect  to  this  flora,  and  which  occur  also  in  Westphalia,  are  Protta- 
cete,  many  of  them  being  referred  to  genera  still  living  in  Australia  or 
at  the  Cape  of  Gooi  Hope.  These  interesting  fragments  indicate  that 
the  climate  of  Europe,  at  the  close  of  the  Cretaceous  period,  was  doubtleas 
greatly  wanner  th«n  that  which  now  prevails,  and  nourished  a  vegeta- 
tion like  that  of  some  parts  of  Australia  or  tho  Cape.  Farther  infor- 
mation has  been  afforded  regarding  tho  extension  of  this  flora  by  the 
discovery  in  north  Greenland  of  a  remarkable  series  of  fossil-plants,  of 
which  Heer  has  described  nearly  200  spccioa,  including  more  than  40  kinds 
of  ferns,  with  club-mosses,  horsetail  reeds,  cycads  (Oyca»,  Podozamta, 

'  HoBiua  and  Von  diT  KEarck,  "Die  Flora  ilcr  WuBtlBliBclien  Rreideronuattoo,* 
Faltanlographica,  iivi.  (1880)  p.  125.  The  Into]  fldra  described  by  tbcM  obacireit  li 
inade  uji  of  85  epeciM  from  the  C'ppcr  uDd  20  sj^cioa  from  the  Lower  Cretacooiu  bedi. 
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Olotamite*,  Zamitet),  conifers  (Pai'era,  Ginkgo,  Junipena,  Thuyiteg,  Sequoia, 
Dammara,  Pinns,  &c.),  monocotyledons  (^Arando,  Potavwgeton,  &o.),  and 
many  diootyledons,  including  forms  of  poplar,  myrica,  oat,  fig,  walnut, 
plane,  sassafraB,  laurel,  cinnamon,  ivy,  aralia,  dc^wood,  magnolia, 
eucalyptus,  ilex,  buckthorn,  cassia  and  others.' 

In  North  America,  also,  abundant  remains  of  a  similar  vegetation 
have  been  obtained  from  the  Cretaceous  rocks  of  the  Western  Territo- 
ries. Upwards  of  100  species  of  dicotyledonous  angiospenns  have  been 
obtfuned,  and  of  these  half  are  found  to  be  related  to  still  living  Ameri- 
can trees.  Among  them  are  species  of  oak,  willow,  beech,  plane,  poplar, 
maple,  hickory,  fig,  tulip-tree,  sassafras,  sequoia,  together  with  Ameri- 
can  palms  (sabal)  and  oycads. 

The  known  Cretaceous  fauna  is  tolerably  extensive.  Fomminifera 
now  reached  an  importance  as  rock-builders  which  they  never  before 
attained.  Their  remans  are  abundant  in  the  white  chalk  of  the  northern 
European  basin,  and  some  of  the  hard  limestones  of  the  southern  basin 
arc  mainly  composed  of  their  aggregated  shells.  The  glauconite  grains 
of  many  of  the  greenish  strata  are  the  internal  oasts  of  foraminiferons 
shells  (see  pp.  423,  601).  Some  of  the  more  frequent  genera  are  Globi- 
gerina,  Orintolina,  Nodatana,  TexlHatia,  and 
Botalia  (Fig.  391).  Sponges  alsomnsthave 
swarmod  on  the  floor  of  the  Cretaceous  seas, 
for  their  siliceous  spicules  are  abundant, 
and  entire  individuals  are  not  uncommon.' 
Characteristic  genera  (Fig.  392)  are  Ventri- 
eulites,  Siphonia,  ScypMa,  Mafwn.  The  forma- 
tion of  flints  has  been  referred  to  the  opera- 
tion of  sponges.  Undoubtedly  these  animals 
secreted  an  enormous  quantity  of  silica  from 
the  water  of  the  Cretaceous  sea,  and  though 
the  flints  are  certainly  not  due  merely  to 
their  action,  amorphous  silica  may  have  been 
aggregated  by  a  process  of  chemical  elimina- 
tion round  dead  sponges  or  other  organisms  ^  g^  ^„„,.  ^^j^  ^^^  („.  ^^ 
fp.  457).    MoUusks  and  urchins  have  been         ,?""™j,'*^  dwumiut  m.  vnui- 

^*  ^  pUc4llLBr  Smith  (*) 

competely  silicified   in  the  chalk.    On  the 

whole,  corals  are  not  abundant  in  Cretaceous  deposits,  though  they  occur 
abundantly  in  the  so-called  coral  limestone  of  Faxoe.  Some  of  the  more 
characteristic  forms  are  'n-ochocyathut,  Gyathina,  Trockosmilia,  Parasmilia, 
Mierabacia,  and  CyclolUes.  The  earliest  true  madrepores  appear  in 
Aclinaeis.  The  rugose  corals  so  abundant  among  Palasozoic  rocks  have 
now  almost  entirely  disappeared,  being  represented  as  yet  only  by  the 
little  Neocomian  Hohcyelis.  Sea-urchins  are  conspicuous  among  the 
fossils  of  the  Cretaceous  system.    A  few  of  their  genera  are  also  Jurassic, 

>  '  Flora  Fosiilia  Arctic^'  vols.  vi.  and  tU.  08S2-83}. 

'  Bee  on  Bpongo  epioalca,  papcra  by  Mr.  BoHbs,  Ana.  Mag.  Nat.  Hiit.  ser.  5,  tL,  and 
a  mcrooii  b;  Dt.  G.  J.  Hinds, '  FoBsil  Sponge  Bptculcs,'  Munich,  1S80. 


810 


STIiATiaSAPHICAL   OEOLOOY.      [Book  VI.  Past  HI. 


while  a  not  inconHidemblo  number  utill  livo  in  the  present  ooean.  One 
of  the  most  Htrikmg  lesulte  of  recent  deep  sea  dredging  is  the  diacoreiy 
of  80  many  new  genera  of  echinoida  eithor  identical  ivith,  or  very 
nearly  resembling  those  of  the  Cretaceoue  pcnod,  and  having  thus  an 


LnkcO)    c  Hi 


■Uplwr  CreUcMu*  tcblnuMs 

«ll-i-galoni«  Uni  (J)   b  Antncbjia  oT(^u^ 


nDcxpectodly  untiqne  character.'  Some  of  tho  most  abundant  and  typical 
Crotacootis  genera  (Pig.  393)  are  Aiiaiu-hytcs,  Hvlasicr,  Tfixtuter,  Mietmltr, 
Hcmlaslcr,  Hemqmeuilet,  Pff^jurut,  Eelil)i(^!»»iiu  (NHclcolUen),  EchinoeonMi, 


(Galerlleg),  Ditcoidea,  Cffpliomma,  Diadcma,  Salenia,  Cidari*.  A  few 
eriiioids  have  been  met  with,  of  which  Boargueticrmw  and  Xarta^lti 
of  the  TJjipor  Chalk  are  characteristic. 

'  A.  Agaasiz, "  Report  oii  EcLiuoidon,"  ChalUngfr  Expc<UtioD,  vol.  iii.  p.  25, 
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Paaamg  to  the  moUoBca,  we  find  tbo  brachiopocU  (Fig-  304)  abun- 
dandy  represented  by  speciea  of  Tercbratula  and  Rhgnchonella,  which 
approach  in  form  to  Btill  living  species.    Other  contempomncons  goiicra 


>^.3».— CrcUccuiu  Liuigltllinncliii. 


were   Crania,  Thcctdtum,  Magcu,  Terebrulclla,  Terebrirottra,  and  Tcrcbra- 
tatina.    Among  the  most  abundant  genera  of  lamoUibranchs  (Fig.  3(15) 


I,  Hlpimiiira  orguiui 


ee.— CreUcronl  l^mclliUaDclm  (IFipputUlil'i). 
a.  (nit.  hImO  ;  h  Ctpntln*  (Rfqulenla)  U 


are  Inoceramus,  Exoijyra,  Odrea,  i^ndgltu,  Lima,  Pccten,  Perm,  Modiola, 
Lyriodon,  hocardia,  Cardinm,  Vemt,    Imceramm  aad  Exogyra  are  specially 
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characterUtic,  but  still  more  so  is  the  family  of  Hippwitida  or  Sudutet. 
These  singular  forme  aro  entirely  confined  to  the  Cretaceoiu  syitem : 
their  most  common  genera  (Fig.  396)  being  Sipjmritet,  Badiolitet,  Sf^m- 
rvlitei,  Caprina,  and  Caprolina  (BequUnia).  Hence,  according  to  present 
knon  lodge,  the  occurreuceof  hippuritids  In  a  limestone  anffioee  to  indicate 
the  Cretaceous  age  of  tho  rock.  The  most  common  gasteropods  belong 
to  the  genera  Nalica,  Nerinma,  Tmrilella,  Turbo,  Solarium,  IVocAu,  PU»oto- 
vutria,  Cerithium,  Bottellaria,  Aporrfiaig,  and  t^utu,  Cepbalopodfl  mnat 
have  Bwanued  in  some  of  tho  Cretaceous  seas  (Figs.  897, 398, 399).   Tbcdr 


'CnUcwua  Crpli^opodi. 


e  abundant  in  the  Anglo-Farisian  basin  and  thenoe  eastwards, 
but  are  comparatively  infrequent  in  tho  southern  Cretaceous  area.  To 
the  geologist,  they  have  a  value  similar  to  those  of  the  Jurassic  eystem, 
aa  distinct  species  arc  believed  to  bo  restricted  in  their  range  to 
particular  horizons,  which  have  by  their  means  been  Identified  from 
district  to  district.  To  tho  student  of  tho  history  of  life,  they  have  > 
S|>ecial  interest,  &s  they  iaolvids  tive  last  of  tho  great  Uesozoio  tribes  of 
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the  Ammonites  and  Belemnites.  These  organisms  continue  abundant  up 
to  the  top  of  the  Cretaceous  system,  and  then  disappear  from  the  European 
geological  record.^  Never  was  cephalopodous  life  so  varied  as  in  the 
Cretaceous  period,  just  before  its  decline.  Be^^des  the  forms  that  sur- 
vived from  earlier  periods,  but  which  had  undergone  important  modifi- 
cations, new  types  now  appeared.  Of  these  Crioceras  (Fig.  397)  is  an 
Ammonite  with  the  coils  of  the  shell  not  contiguous.  Scaphites  and 
Ancyhceras  have  the  last  coil  straightened,  and  its  end  bent  into  a  crozier- 
like  shape  (Fig.  398).  Toococercu,  as  its  name  implies,  is  merely  bent 
into  a  bow-like  form.  Hamttes  is  a  long  tapering  shell,  curved  round 
hook-wise  upon  itself.  In  Ftychoceras  the  long  tapering  shell  is  bent 
once  and  the  two  parts  are  mutually  adherent.  TttrrtZt/e*  (Fig,  397)  is  a 
spirally  coiled  shell,  and  Heltcoceras  resembles  it,  but  has  the  coils  not  in 
contact.  Baculites  (Fig.  397)  is  the  simplest  of  all  the  forms,  being  a  mere 
straight-chambered  shell  somewhat  like  the  ancient  Orthoceras,  These 
forms,  in  numerous  species,  are  almost  entirely  confined  to  the  Cretaceous 
system,  at  the  summit  of  which  they  disappear.  Another  characteris- 
tically Cretaceous  cephalopod  is  BelemniteUa  (Fig.  399),  which  occurs 
abundantly  in  the  higher  parts  of  the  system. 

Vertebrate  remains  have  been  obtained  in  some  number  from  the 
Cretaceous  rocks.  Fish  are  represented  by  scattered  teeth,  scales,  or 
bones,  sometimes  by  more  entire  skeletons.  The  most  frequent  genera 
are  Otodtu,  Lamna,^  Oxyrhina^  Ftychodus^  Hyhodua,  Pycnodus,  Spheerodus^ 
and  the  earliest  of  the  teleostean  tribes,  which  include  the  vast  majority 
of  modem  fishes — EncTwdua,  Stratodus,  Beryx,  Syllsemus,  &o, 

Eeptilian  life  has  not  been  so  abundantly  preserved  in  the  Cretaceous 
as  in  the  Jurassic  system,  nor  are  the  forms  so  varied.  In  the  European 
area  the  remains  of  Chelonians  of  several  genera  {Chelone,  Protemys,  Fla- 
temy«)have  been  recovered.  The  last  of  the  tribe  ofdeinosaursdied  out 
towards  the  close  of  the  Cretaceous  period.  Among  the  Cretaceous  forms 
of  this  order  are  the  Megalosaurua  and  Ceieosaurus,  which  survived  from 
Jurassic  time ;  likewise  Pelorosaurus^  PolacanthuSy  Iguanodony  Hylseosaurus^ 
Hypsilophodan,  Omithopais.  Of  these  Iguanodon  is  the  most  familiar  typo 
(Fig.  400).  Some  of  its  teeth  and  bones  were  first  found  in  the  Weald 
Clay  of  Sussex,  but  in  recent  years,  almost  entire  skeletons  have  been 
disinterred  from  the  ancient  alluvium  filling  up  valleys  of  the  Creta- 
ceous period  in  Belgium,  so  that  its  osteology  is  now  well  known.  Like 
other  deinosaurs,  it  had  many  affinities  with  birds.  Palaeontologists 
have  differed  in  opinion  as  to  whether  it  walked  on  all  fours  or  erect. 

*  No  abrupt  disappearance  of  a  whole  widely-tliffused  fauna  probably  ever  took  place. 
The  cessation  of  Ammonites  with  the  Cretaceons  system  can  only  mean  that  in  the  Euro- 
pean area  there  interytncd  between  the  deposition  of  the  Cretaceous  and  Tertiary  btrata  a 
long  interval,  marked  by  such  physical  revolutions  as  to  extirpate  Ammonites  from  that 
region.  That  the  tribe  continued  elsewhere  to  live  on  into  Tertiary  time  appears  to  bo 
proved  by  the  occurrence  of  some  Ammonite  remains  in  the  olde^tt  Tertiary  beds  of 
California.  A.  Heilprin,  *  Contributions  to  the  Tertiary  Geology  and  Palax)ntology 
of  the  United  States,'  Philadelphia,  1884,  p.  102. 

*  Lamna  degans  ranges  up  to  the  Rupelian  (Oligoccnc)  bods.     A.  Butot,  Ann.  Soe. 
Geol.  Belg.  1875,  p.  34. 
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M.  Dollo,  who  has  had  the  advantage  of  working  out  the  atniotare  of  tlie 
wonderfully  perfect  Belgium  specimens,  believes  that  the  animal  moved 
on  ibi  hind  legs,  which  are  disproportionately  longer  than  the  fore  ones. 
lis  powerful  tail  ubviomly  Ecrve<l  as  an  organ  of  propnlaion  in  the 
water,  and  likewitjc  to  balance  the  creature  as  it  walked.     Its  etrange 


,— Ci*U(*oiis  Crpliilopoii, 


fore-limbfl,  armed  with  apui-a  on  the  digits,  doubtless  enabled  it  to 
defend  itself  from  its  caniivorous  congenorB ;  it  was  itself  herbivottin*-' 
Among  Cictaceous  rocks  the  order  of  Lizards  is  represented  by  Jfeph*" 
BauruK,  Ciniioaaums,  DuUrhosanrus,  and  Leiodon.     The  gigantic  Mottuaitrl, 


8»CT.  ill  (  1.] 


CBETACEOVS  STSTEM. 


815 


placed  among  laoertiliaoB  by  Owon,  but  among  "pythonomorphs"  by 
Cope,  ii  eitimated  to  have  had  a  length  of  75  feot,  and  was  famished 
with  fin-like  paddles,  by  whioh  it  moved  through  the  water.  True 
crocodiles  frequented  tho  rivers  of  tho  period,  for  tho  remains  of 
several  genera  have  been  reeognisod  (Goniopholh,  Phdidosaurua,  Diplo- 
Baunu).  The  ichthyosaiirs  and  pleaioBaiira  wore  still  represented  in 
tho  Crotacoons  eea^  of  Europe,  'llie  pterosaurs  likowiao  continued  to 
be  inhabitants  of  the  land,  for  the  bones  of  soToral  species  of  ptorodac- 
tyle  have  been  found.  These  remains  are  usually  met  with  iu  scattered 
bones,  only  found  at  rare  intervals  and  wide  apai't.  In  a  few  places, 
however,  reptilian  remains  have  been  disintorred  in  such  numbers  from 
local  deposits  as  to  show  how  much  moro  knowledge  may  yet  be  acquired 
from  the  fortunate  discovery  of  other  similar  accumulations.  One  of 
tho  most  remarkable  of  theso  exceptional  doposits  is  tho  hard  clay  above 


¥ 
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referred  to  as  filling  up  some  deep  valloy-shaped  deproKHJons  in  the 
Carboniferous  rocks  near  Bomissart  in  Belgium,  and  which  has  boon 
unexpectedly  encountered  at  a  depth  of  more  than  1000  feot  below  tho 
surface  in  mining  for  coal.  Those  precipitous  dofiles  wore  evidently 
valleys  in  Cretaceous  times,  in  which  fine  silt  accumulated,  and  wherein 
oarcaaes  of  tho  reptiles  of  the  times  wore  quietly  covered  up,  and  pre- 
served, together  with  remains  of  tho  river  chclonians  and  fishcH,  as  well 
08  of  the  ferns  that  grew  on  the  clifis  overhead.  These  deposits  have 
remained  undisturbed  under  the  deep  cover  of  later  rocks.'  Again,  from 
tho  so-called  " Cambridgo  Greensand'^ — a  bod  about  1  foot  thick  lying 
at  the  base  of  tho  Chalk  of  Cambridgo,  and  largely  worked  for  phosphate 
of  liiuo  derived  from  coprolitos  and  bones — thoro  have  boon  exhumed  the 
remains  of  sovoral  chelonians,  the  great  doinosaur  Acanfhopholit,  several 
'  B.  Dnpont,  BuH.  Acad.  Hoy.  Bflg.  2'  eft.  iWi.  (1878)  p,  387. 


816  STBATIOBAPIIICAL   (JEOLOQY.      [Book  VL  Pabt  m. 

species  of  Pleaioimtnu,  5  or  6  species  of  IchAyoiawnu,  10  apecies  of 
Pterodactylua — from  the  size  of  a  pigeon  upwards,  one  of  them  having  a 
spread  of  wing  amounting  to  2i>  feet — 3  species  of  Mouuauma,  a  crooo- 


dilian  (Pol^tyehodoti),  and  some  others.     From  the  sarao  limited  hrauoo 
also  the  Itoncs  of  at  least  two  spccios  of  birds  havo  been  obtained. 

In  recent  years  the  moat  astonishing  additions  to  our  knowledge  of 
ancient  reptilian  life  have  been  made  from  the  Cretaceous  rocka  *f 
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western  North  America,  chiefly  by  Professors  Leidy,  Marsh,  and  Cope.^ 
According  to  a  recent  ennmeration  made  by  Cope,  bnt  which  is  already 
below  the  truth,  there  were  known  18  species  of  deinosanrs,  4  pterosaurs, 
14  crocodilians,  13  sanropterygians  or  sea-saurians,  48  testudinates 
(turtles,  &c.),  and  50  pythonomorphs  or  sea-serpents.  One  of  the  most 
extraordinary  of  reptilian  types  was  the  DUcosaurm  or  Elasmosaurua — a 
huge  snake-like  form  40  feet  long,  with  slim  arrow-shaped  head  on  a 
swan-like  neck  rising  20  feet  out  of  the  water.  This  formidable  sea- 
monster  *'  probably  often  swam  many  feet  below  the  surface,  raising 
the  head  to  the  distant  air  for  a  breath,  then  withdrawing  it  and  explor- 
ing the  depths  40  feet  below  without  altering  the  position  of  its  body. 
It  must  have  wandered  far  from  land,  and  that  many  kinds  of  fishes 
formed  its  food  is  shown  by  the  teeth  and  scales  found  in  the  position  of 
its  stomach"  (Cope).  The  real  rulers  of  the  American  Cretaceous 
waters  were  the  pythonomorphic  saurians  or  sea-serpents,  in  which 
group  Cope  includes  forms  like  MasasauruSy  whereof  more  than  40  species 
have  been  discovered.  Some  of  them  attained  a  length  of  75  feet  or 
more.  They  possessed  a  remarkable  elongation  of  form,  particularly  in 
the  tail ;  their  heads  were  large,  flat,  and  conic,  with  eyes  directed  partly 
upwards.  They  swam  by  means  of  two  pairs  of  paddles,  like  the 
flippers  of  the  whale,  and  the  eel-like  strokes  of  their  flattened  tail. 
Like  snakes,  they  had  four  rows  of  formidable  teeth  on  the  roof  of  the 
mouth,  which  served  as  weapons  for  seizing  their  prey.  But  the  most 
remarkable  feature  in  these  creatures  was  the  unique  arrangement  for 
permitting  them  to  swallow  their  prey  entire,  in  the  manner  of  snakes. 
Each  half  of  the  lower  jaw  was  articulated  at  a  point  nearly  midway 
between  the  ear  and  the  chin,  so  as  greatly  to  widen  the  space  between 
the  jaws,  and  the  throat  must,  consequently,  have  been  loose  and  baggy 
like  a  pelican's.  The  deinosanrs  were  likewise  well  represented  on  the 
shores  of  the  American  waters.  Among  the  known  forms  are  Hadrosaurus, 
a  kangaroo-like  creature  resembling  the  Iguanodon,  and  about  28  feet 
long ;  Diclonius,  an  allied  form  with  a  bird-like  head  and  spatulate  beak, 
probably  frequenting  the  lakes  and  wading  there  for  succulent  vegetable 
food,  and  interesting  from  its  occurrence  in  the  Laramie  group  of  beds 
at  the  very  close  of  the  Cretaceous  series ;  Lselapa  probably  also  walked 
erect,  and  resembled  the  Megaloaaurua,  Still  more  gigantic  was  the 
allied  OrnithotarmSy  which  is  supposed  to  have  had  a  length  of  35  feet. 
Pterosaurs  have  likewise  been  obtained  characterised  by  an  absence 
of  teeth  (Pteranodonts),  and  some  of  which  had  a  spread  of  wing  of  20  to 
2iy  feet.^  Among  the  Chelonians  one  gigantic  species  Is  supposed  to 
have  measured  upwards  of  15  feet  between  the  tips  of  the  flippers. 

The  remains  of  birds  have  been  met  with  both  in  Europe  and  in 

*  Leidy,  Smithson.  Coutrib,  1865,  No.  192 ;  Bep,  U.S.  Geol.  and  Geograph.  Survey  of 
Territories^  vol.  i.  (187H) ;  Cope,  Jiep.  U.S.  Geol.  and  Geograph.  Survey  of  TerriioHen, 
▼nl.  ii.  ^,1875);  Amer.  Naturalist,  1878  et  seq.;  Marsh,  Amer.  Journ.  Science,  numerous 
papers  in  Srd  series,  vols,  i.-xxvii. 

«  Marsh,  on  Aracricnn  Cretaceous  Pterodactyle?,  Amer.  Journ.  Sci.  i.  (1871),  iiL  xL 
xiL  ui.  xxvii  (1884). 
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America  among  Cretaceoua  rocks.  From  the  Cambridge  Greeoaand 
bones  of  at  least  two  species,  referred  to  the  genus  EnatiomU,  have  been 
obtained.  These  creatures  are  regarded  by  Profeesor  Seeley  as  having 
osteological  characters  that  place  them  with  the  existing  natatorial 
birds.'    From  the  American  Cretaceous  rocks  nine  genera  and  twenty 


Fig.  4< 
U»pvrcnili  ngitUfl.  Umh  (^^). 

species,  represented  at  present  by  the  remains  of  about  120  indiTidnals, 
have  been  obtained.  Among  these  by  far  the  most  remarkable  are  the 
Odonlornilkes,  or   toothed  birds,   from   the   Cretaceous  beds  of  Kansas. 

Professor  Marsh,  who  has  described  these  interesting  and  wonderfiiUy 


ProfcBsor  Marab. 
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preserved  forms,  points  out  the  interesting  evidence  they  furnish  of  a 
reptilian  ancestry.^  In  the  most  important  and  indeed  unique  genus, 
named  by  him  Heaperomis  (Fig.  401)  the  jaws  were  furnished  with  teeth 
implanted  in  a  common  alveolar  groove,  as  in  Ichthyosaurus ;  the  wings 
were  rudimentary  or  aborted,  so  that  locomotion  must  have  been  entirely 
performed  by  the  powerful  hind  limbs,  with  the  aid  of  a  broad,  flat, 
beaver-like  tail,  which  no  doubt  materially  helped  in  steering  the 
creature  through  the  water.  It  must  have  been  an  admirable  diver. 
Its  long  flexible  neck  and  powerful  toothed  jaws  would  enable  it  to  catch 
the  most  agile  fish,  while,  as  the  lower  jaws  were  united  in  front  only 
by  cartilage,  as  in  serpents,  and  had  on  each  side  a  joint  that  admitted  of 
some  motion,  it  had  the  power  of  swallowing  almost  any  size  of  prey. 
Hesperomis  regalia  (Fig.  401),  the  type  species,  must  have  measured 
about  6  feet  from  the  point  of  the  bill  to  the  tip  of  the  tail,  and  presented 
some  resemblance  to  an  ostrich.  The  other  genera,  Ichthyomia  (Fig.  402) 
and  Apatomisy  were  distinguished  by  some  types  of  structure  pointing 
backward  to  a  very  lowly  ancestry.  They  appear  to  have  been  small, 
tern-like  birds,  with  powerful  wings  but  small  legs  and  feet.  They 
possessed  reptile-like  skulls,  with  teeth  set  in  sockets,  but  their  vertebrae 
were  bi-concave,  like  those  of  fishes.  Altogether  the  earliest  known 
birds  present  characters  of  strong  affinity  with  the  Deinosaurs  and 
Pterodactyles.2 

§2.  Local  Development. 

The  Cretaceous  system,  in  many  detached  areas,  covers  a  large  extent  of  Europe. 
From  the  south-west  of  England  it  spreads  across  the  north  of  France,  up  to  the  base  of 
the  ancient  central  plateau  of  that  country.  Eastwards  it  ranges  beneath  the  Tertiary 
and  post-Tertiary  deposits  of  the  great  plain,  appearing  on  the  north  side  at  the  southern 
end  of  Scandinavia  and  in  Denmark,  on  the  south  side  in  Belgium  and  Hanover,  round 
the  flanks  of  the  Harz,  in  Bohemia  and  Poland,  eastwards  into  Bussia,  where  it  covers 
many  thousand  square  miles,  up  to  the  southern  end  of  the  Ural  chain.  To  the  south  of 
the  central  axis  in  France,  it  underlies  the  great  basin  of  the  Graronne,  flanks  the  chain 
of  the  Pyrenees  on  both  sides,  spreads  out  largely  over  the  eastern  side  of  the  Spanish 
table-land,  and  reappears  on  the  west  side  of  the  crystalline  axis  of  that  region  along 
the  coast  of  Portugal.  It  is  seen  at  intervals  along  the  north  and  south  fronts  of  the 
Alps,  extending  down  the  valley  of  the  Bhone  to  the  Mediterranean,  ranging  along  the 
chain  of  the  Apennines  into  Sicily  and  the  north  of  Africa,  and  widening  out  from  the 
eastern  shores  of  the  Adriatic  through  Greece,  and  along  the  northern  base  of  the 
Balkans  to  the  Black  Sea,  round  the  southern  shores  of  which  it  ranges  in  its  progress 
into  Asia,  where  it  again  covers  an  enormous  area. 

A  series  of  rocks  covering  so  vast  an  extent  of  surface  must  needs  present  many 
difTerences  of  type,  alike  in  their  lithological  characters  and  in  their  organic  contents. 
They  bring  before  us  the  records  of  a  time  when  a  continuous  sea  stretched  over  the 
centre  and  most  of  the  south  of  Europe,  covered  the  north  of  Africa,  and  swept  eastwards 
to  the  far  east  of  Asia.  There  were  doubtless  many  islands  and  ridges  in  this  wide 
expanse  of  water,  whereby  its  areas  of  deposit  and  biological  provinces  may  have  been 
more  or  less  defined.  Some  of  these  barriers  can  still  be  traced,  as  will  be  inunediately 
pointed  out.  

*  *  Odontomithes,'  being  vol.  i.  of  Memoirs  of  Pedbody  Museum  of  Yale  College^ 
and  also  vol.  vii.  of  Geol  ExpJor,  iOth  Parallel  •*  Birds  with  Teeth,"  Rep,  U.8,  Otol. 
Burv.  1881-82,  p.  45.  «  See  Marsh,  U.8.  Oeol  Surv.  BepoH,  1881-82,  p.  86. 
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The  Cretaceous  system  of  Euiope  has  been  subdinded  as  follows  ;*— 

Danian. 

Seuonian. 
UpiHjr  .      .{  Turonian. 

Cenomanian. 

Gault. 

.  (  Neocomian,  includins:  in  some  parts  of  the  western  district  a  flariatile 

Lower  .     .|      (WealUei)  type. 

AMiile  there  is  sufficient  palaK)ntological  similarity  to  allow  a  general  parallelism  to 
))Q  drawn  among  the  Cretaceous  rocks  of  western  Europe,  there  are  yet  strongly  marked 
differences  pointing  to  very  distinct  conditions  of  life,  and  probably,  in  many  cases,  to 
disconnected  areas  of  deposit.  Having  regard  to  these  geographical  variations,  a 
distinct  northern  and  southern  province,  as  above  stated  (p.  806),  can  be  recognised: 
but  Gumbel  has  proposed  a  fmrther  grouping  into  three  great  regions :  (1)  the  northern 
province,  or  area  of  White  Chalk  with  Belemnitella,  comprising  England,  northern 
France,  Belgium,  Denmark,  Westphalia,  &c. ;  (2)  the  Hercynian  province,  or  area  of 
Exoyyra  columba,  embracing  Bohemia,  Moravia,  Saxony,  Silesia,  and  central  Bavaria ; 
and  (3)  the  southern  province,  or  area  of  Hippurites,  including  the  regions  of  France 
south  of  the  basin  of  the  Seine,  the  Alps,  and  southern  Europe.' 

Britain.' — The  Vurbeck  beds  bring  before  us  evidence  of  a  great  change  in  the 
geography  of  England  towards  the  close  of  the  Jurassic  period.  They  show  how  the 
floor  of  the  sea,  in  which  the  thick  and  varied  formations  of  that  period  were  deposited, 
came  to  be  gradually  elevated,  and  how  into  pools  of  fresh  and  brackish  water  the  leaves, 
insects,  and  small  marsupials  of  the  adjacent  land  were  washed  down.  These  evidences 
of  terrestrial  conditions  are  followed  in  the  same  region  by  a  vast  delta-formation,  that 
of  the  Weald,  which  accumulated  over  the  south  of  England,  while  marine  strata  wvre 
being  deposited  in  the  north.  Hence  two  types  of  Lower  Cretaceous  sedimentation 
occur,  one  where  the  strata  are  fluviatile  or  estuarine  (Wealden),  the  other  where  they 
are  marine  (Neocomian).  The  Upper  Cretaceous  groups,  extending  continuously  from 
the  coasts  of  Dorsetshire  to  those  of  Yorkshire,  show  that  the  diversities  of  sedimentation 
in  Lower  Cretaceous  time  were  efiaced  by  a  general  submergence  of  the  whole  area 
beneath  the  8ea  in  which  the  Chalk  was  dei>osited.  Arranged  in  descending  order,  the 
following  are  the  sub-divisions  of  the  English  Cretaceous  rocks :— > 

TABLE  OF   THE  BRITISH   CRETACEOUS   SYSTEM. 
English  Stratigraphical  Subdivisions.       j  >  PcUssontohgicai  Zones, 


I 


UP..KR  CRETACEOUS.  I    '^°'»"'  """"f- 


a 


u? 


Chalk  of  Norwich,  Studland  Bay, 
Portsdou'n       •         .         •         .   i    f^ 


e9 


Chalk  of  Brighton,  Margate,  Br  id-       o 


S  (Zone  of  5<..("*»"*^"  <>^  B.mycromOa 
I)     iemniteUa]  ~®''«-      ^ 

U  \  V  fxtta. 


a 


lington,  Salisbury     .         .         .        ^     i  .2 


o 


»» 


Chalk  of  Broadstairs,  Flamborough  ]    g 

Head       .....  ^ 

(Jhalk  of  Dover    .         .         .  .   , 


numerous 
Zone  of  Mar- 1  8ix>nges. 

supites  or-l         „  Inoeeramut 

\    natus,        I  lingua     and 

V  '  few  sponges. 

Zone  of  Micraster  cor-anguinum^  var. 
.,       M.  coT'icsUidinarmm, 


*  For  explanations  of  the  names,  see  notes  on  pp.  821,  824,  825.  827,  828,  829. 

*  *  Geognost.  Beschrcib.  Ostbayer.  Grenzgebirg.* 

=  Consult  Conybearo  and  Phillips,  *Geology  of  England  and  Wales,'  1822 :  Fittoo. 
Ann.  Philos.  2nd  scr.  viii.  379;  Tram.  Geol.  Soc.  2nd  ser.  iv.  103;  Dixon*s  *  G«ology  of 
Sussex,'  edit.  T.  Rupert  Jones,  1878 ;  Phillips's  *  Geology  of  Oxford  and  the  Thames 
Valley  ' ;  itceut  papers  on  the  English  Cretaceous  formations  are  quoted  in  subsequent 
footnotes. 


Sect.  iii.  §  2.] 


CnETACEOUS  SYSTEM. 


821 


TABLE  OF   THE  BRITISH   CRETACEOUS   SYSTEM — Continued, 


o 


English  Stratigraphical  Stfbdmsioiis. 


Upper  Cretaceous — eontd. 

Hard  norlular  Chalk  of  l>over,  &c., 

"  Chalk  Kock" 
Chalk  without  flints^  I>over,  &c.     . 
Nodular     Chalk    of    Shakespeare's 

Clitf,  &c.  .... 


Palxontological  Zones, 


o 
o 


«e 

s 


Grey  Chalk  of  Folkestone,  Ac. ;  Tot- 
temhoe  Stone 


"S  !S  jChalk  Marl. 

C  S 1  Rett  Chalk  of  Norfolk  (?). 


c 


*o  "^  Jtilauconitic  Marl  (Cambridge  Grcen- 


9^       a     \  JV 


Warminster  beds,  &c.   . 
Blackdown  beds,  &c.     . 


^   jUpper 
^    ILownr 


s 

s 

£ 

o 

a 

«> 

U 


Zone  of  Hofaster  planus, 

„       TcrehraUUina  gracilis, 
~  Jnoceramus 

(rnytiloidcs). 


bc.5  " 


t:™:  «   (Zone    of    Jnoceramus   labiaius 
Ligerian.  < 


B 

cs 

a 
o 
*»  < 


« 


Lower  Cretaceous. 


Southern  Ttjpe, 

(Fluviatile,  and  in 

upper  part  marine.) 

.-;  /Sands,  claySjlime- 

^  %  I    stones,   &c.,  in 

*^  c  {    Kent,     Surrey, 


i-j  y 


Sussex,  Hamp- 


C  V    nhire. 
rWeald  (lav. 


c 

9t 


■%.  \ 


« 


Hastings  sands 
and  clays,  pass- 
fng  down  into 
Purbeck  beds. 


'  Northern  Type, 
(Marine.) 

Ui)i)er     Neoco- 

f    mian,      upper 

150     feet     of 

Speeton   Clay, 

Yorkshire. 

Middle  Neoco- 
mian,  next 
I  154  feet  of 
Speeton  Clav, 
and  «*Tealby 
beds." 

Lower  Neoco- 
mian,  next  200 
feet  of  Speeton 
Clay. 


©  ti 
u  u 

•IS 

^« 
»  ■♦» 

E  «> 

o   es 

*    S 


I 


Zone  of  Belcmnitella  plena  (fielemniics 
])lenm). 

Horizon  of  Ammonites 


25one  of  Hoi- 
aster  sub-' 
globosus. 


rothotnagensis, 
A,  varians. 
Flocoacyphia 
mteandrina. 


a 
« 

§' 

O 


Zone  of  "  Craic  glauconieuse  "  of 
France. 


Zone  of  Pccten  asjter,  ' 

,      „      Ammonites  inflatus  (rostratus), 


a 
'Jo 


Ammonites  cristatus.  A,   auritus.   A, 

lautiu, 
Hcanites  rotundus.    See  p.  825. 


Upper.   JPerna  Mullcti,  Exoggra  sinuata^ 
&c. 


Middle.  Zone  of   Pecten  cinciuSf  Ancglo* 
ceraS'h^A^f 


Ix>wer.    Zone  of  Ammcnites  speeioncnstSi 
„       Ai  noricUs, 
,^       A.  asteifiantls* 


iiita 


Lower  (JuETACxoua  or  Keocouian.' — Between  the  top  of  the  Jurtuteio  system  and 
the  strata  knowQ  as  the  Gaolt,  there  ocoim  an  important  series  of  depesits  to  wliich,  from 
their  great  doTclopment  In  the  neighbonrhood  of  Neucb&tol  in  Switzerland,  the  name 
of  Neocomian  has  been  given.     This  series,  as  already  remarked,  is  represented  in 


Kcocomian,  from  Keooomnm,  the  old  name  of  Neuch&tel  in  Swit^sorland. 
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England  by  two  dblmot  types  of  Btroitu  Id  the  Boutbcm  conntiea,  from  the  Iile  of 
Purbcck  to  the  coast  of  Kent,  there  occurs  u  vaat  succeaaion  of  eatiurme  sad  floTnitile 
sanJE  and  claya  termed  the  Wcalden  series.  These  strata  pass  vp  into  a  mintv  mariDe 
group  kuoirn  as  the  I>owei  Gieensand,  in  vliich  same  of  the  characteristic  foasils  tS  Ibo 
Upper  Neocomi an  rocks  occur.  The  Wealdon  beds  therefore  forma  flnTiatileeqdratait 
of  the  continental  Neocomian  formations,  while  the  Lower  Greensand  repreaeoti  tho  lain 
marginal  deposits  of  the  Noocomian  sea,  which  gradually  orarped  the  placo  of  the 


Ichthrgrnlj  ridor,  Mush  (O- 


Weatdcn  estunry.  The  second  type,  seen  in  the  tract  of  country  extending  tan 
Lincolnshire  into  Yorkshire,  conlnins  thedepoBils  of  deeper  water,  forming  the  westntil 
extension  of  an  important  series  of  marine  formations  which  stretch  for  a  long  way  aim 
central  Europe. 

N  eo  c  o  m  i  a  n.'— The  marine  Neocomlan  strata  of  England  ere  well  expand  on  ll* 


on,  Traai.  deal.  Soc.  2nd.  St 


7.  (1637)  103 ;  Free.  Geol.  8oe.  iv.  pp.  1S8, 208 
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clif&  of  the  Yorkshire  coast  at  Filey,  where  they  occur  in  an  argillaceous  deposit  long 
known  as  the  "  Speeton  Clay,"  which  has  been  shown  by  Judd  to  belong  partly  to  the 
Jurassic  and  partly  to  the  Neocomian  series.  The  Neocomian  portion  is  divided  by  him 
into  three  formations,  as  follows:  1.  Lower  Neocomian  (200  feet  or  more), 
containing  in  nscending  order  the  zones  of  (a)  Ammonites  aatieriantu  with  Oetrea 
(^Exogyra)  Cotdonit  Toxaster  complanatus^  &c.;  probably  corresponding  to  the  Haute- 
riyian  sub-stage  of  the  French  and  Swiss  Neocomian  series;  (b)Amm,  noricus,  with  A. 
margiruUiu,  Ancyloceras  puzosianum  ;  (c)  Amm,  speetoneneis,  with  A,  rotula,  A,  Nitue, 
Aneyloceras  (Criocera$)  Emericii,  &c,  2.  MiddleNeocomian  (150  feet),  composed 
of  AncyloeerasAyeda  with  AncylocercLS  DuvaHi^  An,  Emericii,  Bdemnites  jaeulum,  &c., 
and  the  zone  of  Pecten  cinctus,  with  Exogyra  sinuatay  Belem*  jaeulumt  &c.  This  division, 
with  zones  h  and  c  of  the  lower  group,  may  represent  the  continental  Urgonian  beds. 
8.  Upper  Neocomian  (150  feet  or  more),  consisting  of  cement-beds  and  dark-blue 
and  block  clays;  the  top  of  the  series  not  being  seen.  Among  the  fossils  of  this 
division  are  Belemnites  semtcanaliculaiuSf  Ammonites  Beshayesij  A,  Nisus,  Aneyloceras^ 
BosUUaria  hicarinata,  Ostrea  Leymerieiy  Plicatula  placunea,  Perna  Mtdleiij  NucuUt 
obtusa,  TerehratuJa  sella,  &c. — an  assemblage  that  may  bo  compared  with  that  of  the 
Aptiau  beds  of  the  Continent.  All  these  strata  are  covered  unconformably  by  the  Upper 
Cretaceous  groups,  which  successively  repose  directly  upon  all  the  horizons  down  to  the 
Lower  Lias.  Owing  partly  to  this  circumstance,  and  partly  to  the  thick  covering  of 
superficial  deposits,  no  satisfactory  sections  are  seen  inland.  In  Lincolnshire,  however, 
the  Neocomian  series  again  comes  to  the  surface  from  beneath  the  Chalk,  the  highest 
and  lowest  strata  (Upper  and  Lower  Neocomian)  being  chiefly  sand  and  sandstone ;  tho 
middle  portion  (Tealby  series  or  Middle  Neocomian)  clays  and  oolitic  ironstones.  The 
Upper  Neocomian  sub-stage  (Carstone)  ranges  into  Norfolk,  and  probably  represents 
the  entire  ^  Lower  Greensand"  of  central  and  southern  England. 

Weald  en. — In  the  southern  counties  a  very  distinct  assemblage  of  strata  is  met 
with.*  It  consists  of  a  thick  series  of  fluvlatile  or  estuarine  deposits  termed  the  Wcalden 
(from  the  Weald  of  Sussex  and  Kent,  where  it  is  best  developed),  surmoimted  by  a 
group  of  marine  beds  ("  Lower  Greensand"),  in  which  Upper  Neocomian  fossils  occur- 
It  would  appear  that  the  fresh-water  conditions  of  deposit,  which  began  in  the  south  of 
England  towards  the  close  of  the  Jurassic  period,  when  the  Purbeck  bods  were  laid 
down,  continued  during  the  whole  of  the  long  interval  marked  by  the  Lower  and 
Middle  Neocomian  formations,  and  only  in  Upper  Neocomian  times  finally  merged  into 
ordinary  marine  sedimentation.  The  Wealden  series  has  a  thickness  of  1800  feet,  and 
consists  of  tho  following  subdivisions  in  descending  order : — 

Weald  Clay lOUO  feet. 

Hastings  Sand  group  composed  of — 

3.  Tunbridge  Wells  Sand  (with  Grinstcad  Clay)         .  .     140  to  380    „ 

2.  Wadhurst  Clay  .  .  .  .  .  .     120  „  180    „ 

1.  Ashdown  Sand  (with  Fairlight  Clays  in  lower  part)        .     400  or  500    „ 


These  strata  precisely  resemble  the  deposits  of  a  modern  delta.  Tliat  such  was 
really  their  origin  is  borne  out  by  their  organic  remains,  which  include  terrestrial 
plants  {Equisetum,  Sphenopteris,  Alethopteris,  Thuyites,  cycads,  and  conifers),  fresh- 
water shells  (Unto,  10  species;  Cyrena,  5  species;  Cyclas,  Paludina,  Melania,  &c.). 
with  a  few  estuarine  or  marine  forms,  as  Ostrea  and  Mytilus,  and  ganoid  fishes 
(Jjepidotu9)  like  the  gar  of  American  rivers.  Among  the  spoils  of  the  land  floated 
down  by  the  Wealden  river  were  the  carcases  of  huge  deinosaurian  reptiles  (Jguanodon, 


Q.  /.  Gcol.  Sac.  i.  (Consult  on  marine  Neocomian  type  Judd,  Q.  J.  Geol,  Soc.  xxix.  218 ; 
xxvi.  326 ;  xxvii.  207 ;  Geol.  Mag.  vii.  220 ;  Meyer.  Q.  J.  GeoL  Soc.  xxvui.  243 ;  xxix.  70. 
*  On  the  Wealden  or  fluviatile  type  consult,  besides  the  works  quoted  on  p.  820, 
Mantell's  '  Fossils  of  the  South  Downs.'  4to,  1822 ;  Topley,  **  Geology  of  tho  Weald,"  in 
Mem,  Geol  Surv.  8vo,  1875. 
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JlyheosautnUf  Megalosaunu,  Vectisaurus,  HypsUophodan),  lang-neoked  pkfiioeaim,  and 
winged  ptcrodactylcs.  The  deltoid  formation,  iu  which  these  remains  oocnr,  extends 
in  an  east  and  west  direction  for  at  least  200,  and  from  north  to  south  for  perhaps 
100  miles.  Hence  the  delta  may  have  been  nearly  20,000  sqnare  miles  in  area. 
It  lias  been  compared  with  that  of  the  Quorra;  in  reality,  however,  its  extent  moiit 
have  been  greater  than  its  present  visible  area,  for  it  has  suffered  from  denadati<m,  and 
is  to  a  large  extent  concealed  under  more  recent  formations.  The  river  probably 
descended  from  the  north-west,  draining  a  wide  area,  of  which  the  existing  monntain 
groups  of  Britain  are  perhaps  merely  fragments. 

The  Wealden  beds  are  succeeded  conformably  by  the  group  of  arenaceotos  strata 
which  liave  long  been  known  under  the  awkward  name  of  ^  Lower  Qreensand."  They 
consist  mainly  of  yellow,  grey,  white,  and  green  sands,  but  include  also  beds  of  day 
and  bands  of  limestone  and  ironstone.  They  have  been  subdivided  in  descending  order 
as  under : — 

Folkestone  beds  (Lower  Albian  in  the  upper  part)  .         .     70  to  100  feet. 

Sandgate  bed8\  ,.    ..  ^  v  / 75  „  100    „ 

Hythe  beds     /  ^Aptiau)  \     .         .  .  .  .  .         .     80  „  300    „ 

Atherfield  Clay  (Urgonian),  resting  on  Wealden  .         .         .     20  „     60    „ 

These  strata  appear  to  represent  the  continental  scries  up  into  the  base  of  the  Albian 
stage.  The  Atherfield  Clay  contains  an  abundant  series  of  fossils,  among  which 
are  Taxcuter  eomplanatus,  Terebratula  sella,  Osirea  (Exogyra)  Coitlanij  0,  Leymeriei, 
Pema  Mulleii,  Area  RatUiniy  and  others  which  indicate  an  Urgonian  horizon  for 
this  band.  In  the  Hythe  beds  are  found  Plicatula  placunea,  AmtnoniU$  Detihayaij 
A.  cornuelianHs,  Aneyloceras  gigas,  A.  HiUiiy  Belenmites  9emicanalieulatu$t  Crioeerat 
Bowerhankii,  Some  of  these  fossils  are  found  also  in  the  Sandgate  beds,  while  the 
upper  part  of  the  Folkestone  beds  yields  likewise  Amm,  mamillaris.  The  Hythe  and 
Sandgate  bods  may  therefore  represent  the  Aptian  stage,  and  the  Folkestone  beds  the 
lower  part  of  the  Albian.* 

Of  the  total  assemblage  of  fossils  from  the  '*  Lower  Greensand,"  about  300  In 
number,  only  18  or  20  per  cent,  pass  up  into  the  Upper  Cretaceous  series.  This 
marked  palscontological  break,  taken  in  connection  with  a  great  lithological  change, 
shows  that  a  definite  boundary  line  can  be  drawn  between  the  lower  and  upper  parts 
of  the  Cretaceous  system  in  England.  Alternations  of  marine  and  freshwater  strata 
near  the  limits  of  the  Wealden  and  Lower  Greensamd  groups'have  been  da  seed  by 
Trofessor  Judd  as  the  "  Punfield  Series."  * 

Upi>£r  CuETACBors. — Three  leading  lithological  groups  have  long  been  recognised 
as  constituting  the  Upper  Cretaceous  series  of  England.  First,  a  band  of  clay  termed 
tiic  Gault;  second,  a  variable  and  inconstant  group  of  sand  and  sandstones  caUeA.  tbe 
"  Upper  Greensand ; "  and,  third,  a  massive  calcareous  formation  chiefly  oomposcd  of 
white  chalk.  But  the  foreign  nomenclature,  founded  mainly  on  palaxintological  cou- 
siderations,  and  given  in  the  foregoing  table  (p.  820),  may  now  be  adopted,  as  it 
brings  the  English  Upper  Cretaceous  groups  into  recognisable  parallelism  with  their 
continental  equivalents. 

Gaul  t.* — A  dark,  stiff,  blue,  sometimes  sandy  or  calcareous,  clay,  with  layers  of 
pyritous  and  phosphatic  nodules  and  occasional  seams  of  green  sand.  It  varies  fimn 
100  to  more  than  200  feet  in  thickness,  forming  a  marked  line  of  boundary  between  tbe 
upper  and  lower  Cretaceous  rocks,  overlapping  the  latter  and  resting  sometimes  even  on 
tlio  Kirameridge  clay.  One  of  the  best  sections  is  that  of  Copt  Point,  on  the  coast  near 
Folkestone,  where  the  following  subdivisions  have  been  established  by  Messrs.  De  Banoc 
and  Price :  *  — 

*  For  explanations  of  these  terms  see  p.  830. 

*  Q.  J.  Geol.  Soc.  xxvii.  p.  207. 
'  An  English  provincial  name. 

^  C.  E.  De  Ranee,  GeoL  Mag,  v.  p.  163 ;  i.  (2)  p.  246 ;  F.  G.  H.  PHce,  Q.  /.  Gttd. 
Soc.  XXX.  p.  342  ;  •  The  Gault,'  8vo,  Lbndon,  1879.  ,   V.  ^.  u«i. 
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Upper  Greensaud. 

11.  Pale  grey  m«irly  clay  (56  ft.  3  in.),  characterised  by  Ammonites  rosiratus 

(injtatiis\  A,  Goodhafiij  Ostrea  frons,  Inoceramus  Crispii. 
10.  Hard  pale  marly  clay  (5  ft.  1  in.},  with  Kingena  limay  MosteUaria  maxima, 

Piicaiula  pectinoidesj  Pecten  rau/tuKinus,   Fentacrinus  Fittoni,   Cidaria 

gaxdHmu 
9.  Pale  grey  marly  clay  (9  ft.  4i  in.),  with  Inoceramus  snlcatus.  Ammonites 

varicosuSf  Fholadomya  fabrinOj  Fteurotomaria  Gibbsiij  Scaphites  xqttalis, 
8.  Darker  clay,  with  two  lines  of  nodules  and  rolled  fossils  (9j  in.),  with  Am- 

monites  cristatus,  A,  ffeudanti,  Pholas  sanctas-cfucis,  Mytilus  Oalliennci, 

CitcuUcsa  ghdnVy  Cyprina  quadrata, 

f  7.  Dark  clay  (6  ft.  2  in.)  highly  fossiliferous,  with  Ammonites  auritits,  Nucuta 

bivirgata,  N,  omatissimaj  Aporrhais  Parkinsoniy  Ffisus  indecisus,  Fteroceras 

bicarinaium, 
6.  Dark  mottled  clay  (1  ft.),  AmmonUes  denarius.  A,  cornutus,  TiurrHites  htgar- 

dianus,  Jiecrooarcinus  Bechei, 
5.  Dark  spotted  clay  (1  ft.  6  in.).  Ammonites  lautus,  Astarte  dupiniana,  Solarium 

tnoniliferum,  Phasianella  ervyana,  numerous  corals. 
4.  Paler  clay  (4  in.),  Ammonites  Delaruei,  Natica  obiiqrn,  Dentalium  decitssatum, 

Fusus  gaultinus. 
3.  Light  fawn-coloured  clay,  "  crab-bed  "  (4  ft.  6  in.)  with  numerous  carapaces 

of  crustaceans  (Faixocorystes  StokesU,  F,  BroderipO),  Finna  ietragona, 

Hamites  attenuatus, 
2.  Dark  clay  marked  by  the  rich  colour  of  its  fossils  (4  ft.  3  in.),  Ammonites 

auritus,  Turrilites  elegans,  Ancyloceras  spinigerum,  Aporrhais  calcarata, 

Fttsns  Uierianus,  Cerithium  irimonUe,  Corbtda  gaultina,  Foiiicipcs  rigidus. 
1.  Dark  clay,  dark  greensand,  and  pyritous  nodules  (10  ft.  1  in.).  Ammonites 
{  interntptus,  Crioceras  astierianum,  Hamites  rotundus. 

Lower  Qreensand. 

Mr.  Price  remarks  that,  out  of  240  species  of  fossils  collected  by  liim  from  the  Ganlt 
only  39  are  common  to  the  lower  and  npper  divisions,  while  124  never  pass  up  from  the 
lower  and  59  appear  only  in  the  npper.  The  lower  Ganlt  seems  to  have  been  deposited 
in  a  sea  specially  favonrable  to  the  spread  of  gasteropods,  of  which  46  species  occur 
in  that  division  of  the  formation.  Of  these  only  six  appear  to  have  survived  into  the 
period  of  the  upper  Gault,  where  they  are  associated  with  five  new  forms.  Of  the 
lamellibranch  fauna,  numbering  in  all  73  species,  89  are  confined  to  the  lower  division, 
four  are  peculiar  to  the  passage-bed  (So,  8),  14  pass  up  into  the  upper  division, 
where  they  are  accompani^  by  16  new  forms.  About  46  per  cent,  of  Hhe  Gault  fauna 
pass  up  into  the  upper  Greensaud. 

Cenomanian.* — Under  the  name  of  Upper  Oreensand  have  been  comprised 
sandy  strata,  often  greenish  in  colour,  which  are  now  known  to  belong  to  different  horizons 
of  the  Cretaceous  series.  If  the  term  is  to  be  retained  at  all,  its  use  must  be  accompanied 
with  some  palseontological  indication  of  the  true  position  of  the  beds  to  which  it  is  applied. 
According  to  the  recent  researches  of  Dr.  C*  Barrois,  the  English  Upper  Greensaud, 

'  From  Ckenomanum,  the  old  Latin  name  of  the  town  Mans  in  the  department  of 
Sarthe.  Within  the  last  few  years  the  old  lithological  subdivisions  of  the  English 
Upper  Cretaceous  beds  have  been  found  to  be  wantine  in  paliBontological  precision,  and 
are  gradually  being  supplanted  by  the  terms  proposed  by  D'Orbigny,  which  have  long 
been  in  use  in  France.  These  terms  are  here  employed,  but  their  equivalents  in  the  old 
nomenclature  will  be  understood  from  the  table  ou  pp.  820, 821.  To  M.  Hubert  geology  is 
mainly  indebted  for  the  thorough  detailed  study  and  classification  to  which  the  Upper 
Cretaceous  formations  of  the  Anglo-Parisian  basin  have  been  subiected.  In  1874  ho 
published  a  short  memoir,  in  which  the  chalk  in  Kent  was  subdivided  into  zones 
equivalent  to  those  in  the  Paris  basin  {Bull.  8oe,  GM.  France,  1874,  p.  416).  8ubse- 
Guently  the  same  task  was  taken  up  and  extended  over  the  rest  of  the  English  Cretaceous 
oistricts,  by  Dr.  Charles  Banois  ('  Becherches  sur  le  Terrain  Crctace  superieur  do 
TAngleterre  et  de  I'lrlande,'  Lille,  1876).  The  first  English  geologist  who  appears  to 
have  attempted  the  palseontological  subdivision  of  the  chalk  was  Mr.  Caleb  Evans 
(*  Sections  of  Chalk,'  Lewes,  8vo,  1870 ;  for  the  Geologists*  Association),  See  also  W, 
Whitaber,  **  Geology  of  the  London  Basin,"  Geol,  Survey  Memoirs,  vol.  iv.,  and  authors 
there  cit^.    A  tolerably  full  bibliography  will  be  found  in  Dr.  Barrois'  yolume. 
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as  originally  defined  by  Berger,  Inglefield,  Webster,  Fitton,  and  others,  has  no  such 
distinct  assemblage  of  fossils  as  might  have  been  supposed  from  its  lithologicalchancters, 
but  appears  to  be  everywhere  divisible  into  two  groups :  a  lower  containing  Ammoniiu 
roslratm  (inflattis),  and  an  upper  miirked  by  Pecten  atper.  These  strata  are  well 
developed  in  Devonshire  and  Somerset.  There  the  *'  Blackdown  beds  "  below,  linked 
with  the  Gault  (of  which  Godwin-Austen  regarded  them  as  a  sandy  littoral  re- 
presentative) contain  a  nimierous  fauna,  including  Ammonitea  GoodJtaUij  HamUe$ 
altenuituB,  CyHierea  parva,  Venws  submeraay  Area  glabra^  Trigonia  aUxfonnU^  Peden 
laminosufjJanira  quinquecostaia,  J,  quadricostata,  J.  xquicostaia,  Ontrea  (J^cogyra)  eontea, 
Venniailaria  polygonaUe ;  while  tlie  " Warmiuister  beds"  above  correspond  to  the 
"zone  of  Holaster  nodulofM'*  of  M.  Hebert,  and  the  "zone  of  Peeten  euper**  of  Dr. 
Barrois,  and  contain  Ammonit^^  varians.  A,  Mantdli,  A.  Coupei,  BdemniU$  vUimu$^ 
Pecten  a^per^  Ostrea  frons  (carinata),  Terehratella  pectitaj  Terebratula  bipiieata^  T. 
squamosa f  JihijnchoneUa  compressa,  B.  latissimay  Pseudodiadema  MieheUni^  PdUuUa 
clathratus,  Discoid^a  suhuculat  &c  A  tolerably  abuudant  series  of  corals  has  been 
obtained  from  the  Devousliiro  Upper  Greonsand,  no  fewer  than  21  species  having  been 
dt'scribcd.* 

The  so-called  Greeusand  of  Cambridge  (pp.  815,  818),  a  thin  glauconitic  marl,  with 
phosphatlc  nodules  and  numerous  (possibly  ice-borne)  erratic  blocks,  was  formerly  classed 
with  the  Upper  Greensand,  but  has  recently  been  shown  to  be  the  equivalent  of  the 
Glauconitic  Marl,  forming  really  the  base  of  the  Chalk  Marl  and  lying  unconformably 
upon  the  Gault,  from  the  denudation  of  which  its  rolled  fossils  have  been  derived.' 

Glauconitic  {Chloritic)  Marl. — This  name  has  been  applied  to  a  local  white,  or  light 
yellow,  chalky  murl  lying  below  the  true  Chalk,  and  marked  by  the  occurrence  of  grains 
of  glauconite  (not  chlorite)  and  phosphatic  nodules.  It  varies  up  to  15  feet  in  thickness. 
Among  its  fossils  are  Ammonites  IcUidavitis^  A.  Coupeij  A.  Mantelli,  A.  variantj  NauHlus 
hevigatus,  Turrilites  tuberculatusj  Solarium  ornatumf  Plicatula  inflata,  Tcrcbratvla 
hiplicatu.    It  forms  the  base  of  the  Holaster  suhglobosus  zone. 

Chalk  Marl  is  the  name  given  to  an  argillaceous  chalk  forming  with  the  chloritic 
marl,  where  the  latter  is  present,  the  base  of  the  true  Chalk  formation.  This  sab- 
division  is  well  exposed  on  the  Folkestone  clifts,  also  westward  in  the  Isle  of  Wight, 
where  a  thickness  of  upwards  of  100  feet  has  been  assigned  to  it.  Among  its  charac- 
teristic fossils  are  PlocoscyphiamKandrinaj  Holaster  Ixvis  (var.  nodulosus),  BhyndumeUa 
Martini,  Inoceramus  striatus,  Lima  glohosa^  Plicatula  infiaiaj  Ammonites  eenomanen$is,  A. 
falcatus,  A.  Mantelli,  A.  navicvlaris,  A  varians,  Scaphites  sequalisy  Turriliie$  eoatiiUu. 

At  Hunstanton  in  Norfolk,  likewise  in  Lincolnshire  and  Yorkshire,  the  **  Bed  Chalk  " 
— a  ferruginous,  hard,  nodular  chalk  zone  (four  feet),  lies  at  the  base  of  the  Chalk  and 
rests  on  the  Upper  Neocomian  **  Car-stone,"  the  Gault  being  absent.'  Its  true  horizon 
has  been  the  subject  of  much  discussion ;  but  it  probably  belongs  to  the  Chalk  Marl. 

Grey  Chalk. — The  lower  part  of  the  Chalk  hos  generally  a  somewhat  greyisli  tint, 
often  mottled  and  striped.  The  stage  comprising  the  palasontological  zones  of  HoUuter 
suhglobosus  and  Belemnitella  plena  attains  its  fullest  development  along  the  shore-cliffs  of 
Kent,  where  it  attains  a  thickness  of  about  200  feet.  According  to  Mr.  F.  6.  H.  Price,* 
it  is  there  divisible  into  five  beds  or  sub-stages.  Of  these  the  lowest,  eight  feet  thick 
(=  lower  pnrt  of  the  Ammonites  varians  zone),  contains  among  other  fossils  JHtcMea 
svhucula^  Pecten  Beaver i^  Ammonites  varians;  the  second  bed  (11  feet)  conlains many 
fossils,  including  Ammonites  rothomagensis.  A,  Mantelli^  A.  lewemensia  (^^part  of  A.  variam 
zone) ;  the  third  bed  (2  feet  9  inches),  also  abundantly  fossiliferous,  contains  among 
other  forms  Peltastes  clathratut,  HemiaMer  Morrisiij  Terebratula  rigida,  Rhynekondla 

^  On  the  literature  of  the  Blackdown  beds,  see  W.  IXtwnes,  Q,  J.  Gtol.  Soc.  xxxviii. 
(1882)  p.  75,  where  a  list  of  their  fossils  is  given.  The  corals  are  described  by  P. 
Martin  Duncan,  Q.  J.  Geol.  Soc.  xxxv.  p.  90. 

*  Jukes-Browne.  Q.  J.  Geol.  Soc.  xxxi.  p.  272,  xxxiii.  p.  485 ;  *•  Geology  of  Cambridge," 
Mem.  Geol  Surv.  1881 ;  Geol  Mag.  1877. 

»  See  Whitaker,  Geol.  Mag,  1883,  p.  22.  *  Q.  /.  Geol  See,  xxiii.  p.  436. 
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manUUiana,  Ammonites  roihomagemisj  A,  varians;  this  and  the  two  underlyiDg  beds 
are  regarded  as  comprising  the  zone  ofAmmoniies  rothomagensis  and  A.  variana  ;  the  fourth 
sub-stage,  or  zone  of  Hokuler  tubglobamB  (148  feet),  contains  among  its  most  ^charac- 
teristic fossils  IHacoidea  cylindrica,  Holaster  stibglohosuSj  Gonituter  moeaieus^  and  in  its 
upper  part  Belemnitella  plena ;  the  fifth  bed,  or  zone  of  BelemniteUa  plena,  consisting  of 
yellowish-white  gritty  chalk  (4  feet),  forms  a  well-defined  band  between  the  Grey  Chalk 
and  the  overlying  lower  subdivision  of  the  White  Chalk  (Tnronian) ;  it  contains  few 
fbssils,  among  which  are  Belemnitella  plena,  Hippurites  {Radiolites)  Mortoni,  Ptychodue, 

Beoent  researches  by  the  Geological  Survey  in  Cambridgeshire  have  shown  that  in 
that  region  the  Clialk  Marl  is  covered  by  a  band  of  harder  stone  (Tottemhoe  Stone), 
passing  up  into  sandy  and  then  nearly  pure  white  chalk,  and  that  these  strata,  equiva- 
lents of  the  Chalk  Marl  and  Grey  Chalk,  are  probably  separated  by  a  paksontological 
and  stratigraphicel  break  from  the  next  overlying  (Turonian)  member  of  the  series.' 
According  to  the  original  classification  of  M.  Hebert,  this  zone  of  BelemniteUa  plena  is 
placed  at  the  base  of  the  Turonian  group ;  by  Dr.  Barrois  it  is  made  the  summit  of  the 
Cenomanian.  The  latter  view  receives  support  from  the  evidence  of  a  break  and 
considerable  denudation  above  this  zone  in  England. 

Turonian^  {Lotcer  White  Chalk  mthout  JlinUy'-The  White  Chalk  of  England 
and  north-west  France  forms  one  of  the  most  conspicuous  members  of  the  great  Mesozoio 
suite  of  deposits.  It  can  be  traced  from  Flamborough  Head  in  Yorkshire  across  the 
south-eastern  coimties  to  the  coast  of  Dorset.  Throughout  this  long  course,  its  western 
edge  usually  rises  somewhat  abruptly  from  the  plains  as  a  long  winding  escarpment, 
which  from  a  distance  often  reminds  one  of  an  old  coast-line.  The  upper  half  of  the 
deposit  is  generally  distinguished  by  the  presence  of  many  nodular  layers  of  fiint.  With 
the  exception  of  these  enclosures,  however,  the  whole  formation  is  a  remarkably  pure  white 
pulverulent  dull  limestone,  meagre  to  the  touch,  and  soiling  the  fingers.  Composed 
mainly  of  crumbled  foraminifera,  urchins,  moUusks,  &c.,  it  must  have  been  accumu- 
lated in  a  sea  tolerably  free  from  sediment,  like  some  of  the  foraminiferal  ooze  of  the 
existing  sea-bed.  There  is,  however,  no  evidence  that  the  depth  of  the  water  at  all 
approached  that  of  the  abysses  in  which  the  present  Atlantic  globigerina-ooze  is  being 
laid  down.  Indeed,  the  character  of  the  foraminifera,  and  the  variety  and  association 
of  the  other  organic  remains,  are  not  like  those  which  have  been  found  to  exist  now  on 
the  deep  floor  of  the  Atlantic,  but  present  rather  the  characters  of  a  shallow-water  fauna.' 
Moreover,  the  researches  of  M.  Hubert  have  shown  that  the  Chalk  is  not  simply  one 
continuous  and  homogeneous  deposit,  but  contains  evidence  of  considerable  oscillations, 
and  even  of  occasional  emersion  and  denudation  of  the  sea-fioor  on  which  it  was  laid 
down.  The  same  observer  believes  that  enormous  gaps  occur  in  the  Upper  Cretaceous 
aeries  of  the  Anglo-Parisian  basin,  some  of  which  are  to  be  supplied  from  the  centre  and 
south  of  France  (poetea,  p.  833). 

Following  the  modem  classification,  we  find  that  the  old  subdivision  of  **  Chalk 
without  fiiuts  "  agrees  on  the  whole  with  the  Turonian  section  of  the  system.  This 
division,  as  above  remarked,  appears  in  some  places  to  lie  unoonformably  upon  the 
members  below  it,  from  which  it  is  further  separated  by  a  marked  Zoological  break. 
Kearly  all  the  Cenomanian  species  now  disappear,  save  two  or  three  cosmopolitan  forms. 
The  echinoderms  and  brachiopods  are  entirely  replaced  by  new  species.*  Not  only  is 
the  base  of  tlio  Turonian  group  defined  by  a  stratigraphical  hiatus,  but  its  summit  is 
marked  by  the  **  Nodular  Chalk  "  of  Dover  and  the  hard  Chalk-rock,  which  appear  to 
indicate  another  stratigraphical  break  in  what  was  formerly  believed  to  be  an  uninter- 
rupted deposit  of  chalk.  The  three  Turonian  palsaontological  zones,  so  well  established 
in  France,  are  also  traceable  in  England.  As  exposed  in  the  splendid  Kent  clifis,  the 
base  of  the  English  beds  is  formed  by  a  well-marked  band  (32  feet)  of  hard  gritty  chalk, 

>  A.  J.  Jukes-Browne,  Geol.  Mag,  1880,  p.  250. 

'  From  Touraine,  where  the  marly  chalk  is  well  developed. 

'  Dr.  J.  Gwyn  Jeffreys  shows  that  the  moUusca  of  the  Uhalk  indicate  comparatively 
shallow-water  conditions :  BriL  A$8oc.  Bep,  1877,  Sees.  p.  79.  See  also  Nature,  3rd  July, 
1884,  p.  215.  *  Jukes-Browne,  Oeol  Mag,  1880,  p.  250. 
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made  up  of  fragments  of  Inocerami  and  other  organisms.  Fossils  are  here  scarce ;  they 
include  Lioceramus  lahiatus  (which  begins  here),  Bhynchonella  Cuvieriy  Eckimoeomua 
sttbrotunduij  Cardituter  pygmmus.  Above  this  basement  bod  lies  the  moasive  chalk 
without  flints,  full  of  fragments  of  Inoceramus  lahi€itu$,  with  I,  Cuvierij  Terdfratula 
eemiglobom^  Terebratulina  graciliSy  Eckinooomu  eubrotundus^  &c.  The  lower  70  feet  or 
tio  include  the  zone  of  Inoceramus  ldbiatu$y  the  noxt  90  or  100  feet  that  of  TeninraivXhia 
ijrcuiiUsy  and  tlie  upper  50  or  60  feet,  containing  layers  of  black  flints,  that  of  Hciatter 
planus.  At  the  top  comes  the  remarkably  constant  band  of  hard  creem-colooced  lime- 
stone known  as  the  ^'  Chalk  Bock/'  varying  from  a  few  inches  to  10  feet  in  ihickneas. 
Its  upper  surface  is  generally  well  defined,  sometimes  even  saggestire  of  having  been 
eroded,  but  it  shades  down  into  the  Lower  Chalk.  ^ 

Senon  ian-  {Upper  C/talh  with  flints), — This  massive  formation  is  oompoeed  of 
white,  pulverulent,  and  usually  tolerably  pure  chalk,  with  scattered  flints,  wludi,  being 
arrangeil  in  the  lines  of  deposit,  serve  to  indicate  the  otherwise  indistinct  stratification 
of  the  mass.  It  has  been  generally  regarded  by  English  geologists  as  a  single  formatioD, 
with  great  imiformity  of  lithological  characters  and  fossil  contents.  Mr.  Whitaker, 
however,  has  shown  that  distinct  lithological  platforms  occur  in  it,  and  marc  xeocnt 
researches,  especially  by  MM.  Heliert  and  Barrels,  have  brought  to  light  tlic  same  scones 
that  occur  in  the  Paris  basin.  Of  these  the  lowest,  or  that  of  the  Micrasters  (Broadstain 
and  St.  Margaret's  Chalk),  is  most  widely  spread,  the  others  having  snflered  most  from 
denudation.  It  is  well  exposed  along  the  clifia  of  Kent  at  Dover,  and  also  in  the  Isle 
of  Thanet  At  Margate  its  thickness  has  been  ascertained  by  boring  to  be  265  feet.  It 
contains  two  zones,  in  the  lower  of  which  the  characteristic  urchin  is  MicragUr  eof 
testudinarium^  while  in  the  upper  it  is  M.  cor-anguinum.  Near  the  top  of  the  Micraster 
group  of  beds  in  the  Isle  of  Thanet '  lies  a  remarkable  seam  of  flint  about  throe  or  four 
inches  thick,  forming  a  nearly  continuous  floor,  which  has  been  traced  southwards  at  the 
top  of  the  clififl  between  Deal  and  Dover.  Again,  on  the  coast  of  Sussex,  what  may 
be  nearly  the  same  horizon  in  the  Chalk  is  defined  by  a  corresponding  band  of  massive 
flattened  flints.  The  traces  of  emersion  and  erosion  observed  by  M.  Hubert  in  the  Paris 
Chalk  are  regarded  by  Dr.  Barrois  as  equally  distinct  on  the  English  side  of  the  Channel, 
in  the  form  of  surfaces  of  hardened  and  corroded  chalk.  One  of  these  surfaces  marks  the 
upper  limit  of  the  Micraster  group  on  the  Sussex  coast,  where  it  consists  of  a  band  of 
yellowish,  hardened,  and  corroded  chalk  about  six  inches  thick,  containing  rolled  green- 
coated  nodules  of  chalk.*  A  similar  hardened,  corroded  band  forms  the  same  limit  in  the 
Isle  of  Thanet.  Among  the  fossils  of  the  Micraster  division  the  following  may  be  men- 
tioned: Micraster  cor-testudinariunif  M.  eor^nguinum,  Cidaris  datt^eroy  Echinocorys 
gibbus,  Ediinoconus  conicuSj  Epiaster  gihbus,  Terehrattdina  gracilis^  Ten^brattda  9emi* 
gJobosOy  Ostrea  vesicularis,  Inoeeramus  invcitUut, 

The  middle  division,  or  Margate  Chalk,  has  l>een  named  the  Marsupitc  tone  by  Dr. 
Barrois,  from  the  abundance  of  these  crinoids.  It  attains  a  thickness  of  about  80  feet  in 
the  Isle  of  Thanet,  where  it  contains  few  or  no  flints,  and  upwards  of  400  feet  in  the 
Hampshire  basin,  where  flints  are  numerous.  Among  its  fossils  are  Atnorphospongia 
glohosa,  BourguHicrinus  eUiptieuSj  Marsupites  omatus,  M.  Milleri,  Micraster  cor-angm* 
nunit  Echinoconus  conicus,  Eohinoeorys  gibbus,  Cidaris  clamgera,  Csoeptrifen^y  Theeidhtm 
Wetherellit  TembratvUa  semiglobosa,  Bhynchonella  pUcatUis,  Terebratulina  striata^  Span' 
dylus  {Lima)  spinosus,  8,  dute$npleamis,  Pecten  cretosus,  Ostrea  vesictdaris,  O,  kippopO' 
dium,  Inoceramus  lingtui  (and  several  others),  Belemnites  veruSj  B,  Mcrceyi,  AmmtmitM 
leptophyllus. 

The  highest  remaining  group,  or  Norwich  Chalk,  forms  the  Belemnit4i[!a  zone  so  well 
marked  in  northern  Europe.  It  attains  a  thickness  of  from  100  to  160  feet  in  the 
Hampshire  basin  (Portsdown  Chalk),  is  absent  from  that  of  London,  but  reapiteera  in 

I  Whitaker,  Mem.  OeoL  Surv.  iv.  p.  46 ;  Jukes-Browne,  Ged,  Mag,  1880,  p.  254.  A 
similar  band  occurs  in  Normandy. 

*  From  Sens  in  the  Department  of  Yonne.       •  F.  A.  Bed  well,  Geol.  Mag,  1874,  p.  16. 

*  Barrois, '  Terrain  detach  Aft  Y  ^^Wtetw,'  &g.,  1876,  p.  21 . 
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Norfolk,  where  it  attains  its  greatest  development.  It  is  at  Norwich  a  white  crumbling 
chalk  with  layers  of  black  flints.  Among  its  fossils  are  Parcunnilia  eentralU,  Trochosmi" 
lia  UuDOy  CifphoMma  magnificum,  ScUenia  geometrica^  Eehinooorys  ooaiiM,  Bhynehanella 
octoplieaia,  B.  limbata,  Tenhratuia  carnea^  T,  obesa^  Ostrea  luniUa,  BelemnUdla  mucro^ 
9iato,  B,  qtiadraia. 

The  uppermost  division,  or  Danian,^  of  the  Continental  Chalk  appears  to  be  absent 
ill  England,  unless  its  lower  portions  are  represented  by  some  of  the  uppermost  beds  of 
the  Norwich  Chalk. 

The  Cretaceous  system  is  sparingly  represented  in  Ireland  and  Scotland.  Under  the 
Tertiary  basaltic  plateau  of  Antrim,  there  lies  an  interesting  series  of  deposits  which  in 
lithological  aspect  differ  greatly  from  their  English  equivalents,  and  yet  from  their  fossil 
contents  can  be  satisfactorily  paralleled  with  the  If^tter.    They  are  thus  arranged :' — 


Hard  white  limestone    65  to  200 


n  >» 

Glauconitic  (Chloritic) 
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Glauconitic  (Chloritic) 
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Grey  marls  and  yellow 
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Glauconitic  sand  • 
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61 


3 
6 


16 


30 
10 


If 


» 


>» 


{ 


?» 

19 


»» 


I' § 


Micrasters. 


Holaster  planus.  \  S*  0 

Terebratalina  gracilis.  /  p  ^ 


Holatter  subglobosus. 
Fecten  asper. 


;    f 


In  the  west  of  Scotland*  also,  relics  of  the  same  type  of  Cretaceous  formations  have 
been  preserved  under  the  volcanic  plateaux  of  Mull  and  Morven.  They  contain  the 
following  subdivisions  in  descending  order :' — 

White  marly  and  sandy  beds  with  thin  seams  of  lignite         •         .         •       20  feet 
Hard  white  challc  with  Belemnitella  mucronataf  &c,     .         .         .         .10 
Thick  white  sandstones  with  carbonaceous  matter        .         .         .         .     100 
Glauconitic  sands  and  shelly  limestones,  Pecten  asper^  Exogyra  eonioa, 
Janira  quinqitecostatOf  Nautilw  deslongchampsianusy  &c.    ,         .  «       60 


>f 


France  and  Belg^um.^ — The  Cretaceous  system  so  extensively  developed  in 
western  Europe  is  distributed  in  large  basins,  which,  on  the  whole,  correspond  with  those 
of  the  chief  rivers.  Thus  in  France,  there  are  the  basins  of  the  Seine  or  of  Paris,  of  the 
Loire  or  of  Touraine,  of  the  Bhone  or  of  Provence,  and  of  the  Garonne  or  of  Aquitania, 
including  all  the  area  up  to  the  slopes  of  the  Pyrenees.  In  most  cases,  these  areas 
present  such  lithological  and  palsBontological  difierences  in  their  Cretaceous  rocks  as  to 
indioate  tliat  they  may  have  been  to  some  extent  even  in  Cretaceous  times  distinct 
basins  of  deposit 

A  twofold  subdivision  of  the  system  is  followed  in  France,  but  with  a  difference  of 

nomenclature  and  partly  also  of  arrangement  from  that  in  use  in  England,  as  shown  in 

the  subjoined  table : — 

*  So  named  firom  its  development  in  Denmark. 

•  Banois,  op.  cH,  p.  216.    B.  Tate,  Q.  J,  Oeol  Soc.  xxi.  p.  15. 

•  Judd,  Q.  J,  Geoh  Soc,  xxxiv.  p.  736. 

*  The  Cretaceous  system  has  been  the  subject  of  prolonged  study  by  the  geologists 

of  Fiance,  and  has  given  rise  to  considerable  differences  of  nomenclature.    The  main 

robdivisions  recognised  and  named  by  IKOrbigny  have  been  generally  adopted.    But 

peat  diversity  of  opinion  exists  as  to  the  names  and  limits  of  the  lesser  groups.  There  has 

been  a  tendency  to  excessive  elaboration  of  subdivisions.   The  minor  sections  of  the  gco- 

^^>gUial  record  must  always  be  of  but  local  significance,  and  it  is  to  bo  regretted  when  they 

•*B  treated  as  of  any  higher  importance.     M.  He'bert  has  refrained  from  burdening  geo- 

^^tktd  nomenclature  with  a  long  list  of  new  names  for  local  developments  of  strata,  con- 

^^ting  himself  with  employing  D'Orbign/s  names  for  the  formations  or  sections,  and 

•abdi^Jiag  these  into  upper,  middle,  and  lower  stages.    The  student  will  find  some  ot 

^tiygd  systems  of  clussiticatiou  collected  hy  Mr.  Davidson,  GeoL  Mag.  vL  (1801)). 
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Sub-stages. 

N.  France  and  Belgium. 

Provence. 

Garumnion.^ 

Calcaire  pisolitique. 

Argiles  rutilantes  et  bribes. 
Craie  i  lignites  de  Fuireaa. 

Cenomanien.           Turonien.             Senonien.                Danie 

Maestricbtien.' 

Calcaire  a  Baculites  du  Co-  '  Calcaires  xnameux  i  ffemipneHftes, 
tentin.     Craie   de    Ciply,  ; 
Maestricht.                            ! 

Campanien.* 

Craie  de  Heudon. 
Craie  de  Reims. 

Calc.  i  Ostrea  veaicuiaria, 
Marnes  et  calc  k  HippuriUa  dilo" 
tatua. 

• 

(0 

Santonien.* 

Craie  a  Mior.  cor^nguinum. 
Craie  k  M.  cor-tesUidinarium, 
Craie  a  M.  brrvis. 

Marnes  a  Inooeramua  dtgitatua, 

Calc  k  Amm,  texanua, 

Calc.  a  Rhynch,  petrooorienaia. 

h* 

o 

Angoumien.* 

Craie  k  3£icr,  hrevijtorus, 
Craie  k  Tcrcb,  gracilis. 

Calc.  k  Ilippurttea  comucaccixum  et 

gr^  inf.  de  Momas. 

• 

Ligerien.* 

Craie  marneuse  k  Inoccramus  \  Grte  d'Uchauz  et   calc   k  Amm, 
labiatus,                                       nodosoidea. 

Carentonien.^ 

Craie  k  Belem.  plen't. 
Couche  fossiliftrc  de  Kouen. 
Tuurtia  de  Mons. 

Calc.  k  Caprtna  adveraa.    Zone  k 
Heterodiadema  libycum,  et  gth 
de  Mondragon. 

Rothomagien.' 

Craie  glanconieuse  a  Pecten 
asper,    Tourtia  d'Assevent 
et  de  Sassegnies. 

Zone  k  Anorihopygua  orincvlana. 
Zone  k  Amm,  MantellL 

Jura  and  Haute  Marne. 

• 

• 

a 
« 

IS 

o 

• 

a 
As 

• 
0 
V 

1 

u 

o 

V5 

Sables  k  Amm,  inflatus  (YracoDnien},  Gaize  de 

TArgonne. 
Argiles,   calcaires    sables    (^Amm.  lautus,  A, 

mamUlaria), 

Qrha  glauconieuz  de  Clansayes. 
Gr^s  et  calcaires  de  Clars  k  Amm, 
Lyelli, 

• 

Sables  a  Amm,  miiietianm, 
Calcaire,  &c.,  a  Plicatules. 

Marnes  k  Belem.  aemioanalicuUUm, 
Argiles  k  Amm,  Niaua, 
Calcaire  k  Ancyloceraa  MaiKenmi, 
Calc.  mameux  k  Plicatules. 

1 

t-H 

Marnes  k  Orbitolines  et  Calcaires  k  Pt^roc^res 

et  a  Heqttienia  Lcnsdalei, 
Calcaire  a  Requienia  ammonia. 

Calcaire  k  Requienia  Lcnadalei, 
Calcaire  k  Scaphitca  TvanL 

Hauterivien.** 

Calcaire  jaune  (Neuchfitel); 

Marnes  et  calc  a  Spatan- 

gues. 
Marues  de  Hauterive. 

Calcaire  compact  k  Spatangnes. 

Valenginien.*' 

Limonite     de     M^tabief    et 
calcaire   roux   k  Pygurua 
rostratua, 

Calcaire  k  grands  N^rin^es. 

Calcaire  k  Natioa  Leviathan. 

Calcaire  crystallia  k  Belemnites. 

*  From  the  Haute  Garonne,  where  the  deposits  are  typically  developed. 

-  Well  seen  at  Maestricht.       »  From  Champagne.  «  From  Santonge. 

*  From  Angoul^me.  •  From  the  basin  of  the  Loire.  »  From  the  Charente. 

"  From  Rouen  (AoMomu^s).  •  From  the  Department  of  the  Aube.  **  From  Apt  in  Vaudose. 
»»  From  Orgon,  near  Aries.     »»  fr^m  Hauterive,  on  the  Lake  of  Neuchktel  (see  p.  8361 
**  From  the  Ch&teau  de  Valengin,  near  Neuchktel,  Switzerland  (see  p.  836), 
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From  this  table  it  will  be  perceived  how  marked  a  lithological  differenoe  is  traceable 
between  the  Cretaceoos  deposits  of  the  north  and  south  of  France.  The  northern  area 
indeed  is  linked  with  that  of  England,  and  was  evidently  a  part  of  the  same  great  basin 
in  whidi  the  English  Cretaceons  rocks  were  deposited.  But  in  the  south,  tlie  aspect  of 
the  rocks  is  entirely  changed,  and  with  this  change  there  is  so  marked  a  differenoe  in 
the  accompanying  organic  remains  as  to  indicate  clearly  the  separation  of  the  two 
regions  in  CretaceooB  times. 

ImrRA-cnlTACK. — ^Neocomian.* — ^This  division  is  well  seen  in  the  eastern  part  of 
the  Paris  basin.  The  lowest  dark  marl,  resting  irregularly  on  the  top  of  the  Portlandian 
aeries,  indicates  the  emersion  of  these  rocks  at  the  close  of  the  Jurassic  period.  It  is 
followed  by  ferruginous  sands,  calcareous  blue  marl,  spatangus-limestones,  and  yellow 
marls  (abounding  in  ToxasUr  eomplanatuSy  Ostrea  Coidoni,  Pterocera  pehigi,  Amm, 
raditUu9,  &c.),  the  whole  having  a  thickness  of  125  to  140  feet,  and  representing  chiefly 
the  upper  or  Hauterivian  sub-stage.  Much  more  important  is  the  development  of  the 
Neooomian  deposits  in  the  southern  half  of  France.  They  present  there  evidence  of 
deeper  water  at  the  time  of  their  formation.  The  Xeuchitel  type  (p.  886}  is  prolonged 
into  the  northern  part  of  Dauphine,  where  it  is  seen  in  a  group  of  limestones,  with  Oitrea 
Coulani,  &c.,  in  the  lower,  and  ToxaUer  complanatm,  &c.,  in  the  upper  beds.  Southwards 
the  limestones  are  mostly  replaced  by  marls,  and  the  whole  at  Grenoble  reaches  a  thick- 
ness of  more  than  1600  feet,  resting  on  the  upper  Jurassic  limestones,  with  Terebratula 
diphyoides. 

Urgonian . — ^In  the  typical  district  of  the  lower  valley  of  the  Durance,  this  sub- 
division consists  of  massive  limestones  (1150  feet),  with  Belemnites  latus,  B.  dUaUUui^ 
in  the  lower  part;  ToxaHer  eomplanatuSj  Ostrea  Couloniy  Janira  atava^  &c.,  in  the 
central  thickest  portion ;  and  Tozcuter  rieordeanus,  Aneylocercuj  Criooeras^  &c.,  in  the 
upper  band.  The  Gaprotina  limestone  of  Orgon  (whence  the  name  of  the  type  was 
taken)  is  a  massive  white  rock,  sometimes  1000  feet  thick,  marked  by  the  abundance  of 
its  hippuritids,  Bequienia  {CJaprotind)  ammonia,  B,  Lonsdalei,  B,  gryphoides,  gigantic 
forms  of  NennsDOj  and  corals.  In  the  northern  Cretaceous  basin,  the  Urgonian  stage 
appears  as  a  series  of  sands  and  clays  which  in  Haute  Mame  are  from  60  to  80  feet 
thick,  and  contain  Toxast^  ricordeanus,  &c. 

A  p  t  i  a  n . — In  the  typical  district  round  Apt  in  Yaucluse,  this  stage  consists  of  a 
lower  group  of  blue  marls  (Mames  do  Gargas),  with  BlieaUda  plaeunea,  Amm.  NituA^ 
A.  Du/retwyij  followed  by  a  marly  limestone  with  Ancyloceraa  renauxianust  Ostrea 
aquila.  These  beds  swell  out  in  the  Bodoule  to  a  thickness  of  650  feet.  One  of  their 
most  distinctive  characters  is  the  prominence  of  the  cephalopoda  of  the  Aneyloeertu 
(Criocercu)  type.  In  northern  France  the  Aptian  stage  is  chiefly  clay,  with  Plieatula 
plaeunea,  P.  radiola,  hence  the  name  *'  Argile  k  Plicatules."  Near  St.  Dizior,  the  lower 
beds  are  characterised  by  Terebratula  teUa,  Ostrea  aquila ;  the  middle  by  Amm.  cor^ 
nudianm.  Ancyloeeras  Matheroni ;  the  upper  by  Amm,  Nisus,  A,  Deshayesi. 

A 1  b  i  a  n .' — In  the  eastern  part  of  the  Paris  basin,  this  stage  consists  of  a  lower 
frreen  pyritous  sandy  member  (Sables  verts),  80  feet  thick,  covered  by  an  upper  argil- 
laceous baud  which  represents  the  English  Gault.  Those  deposits  continue  the  English 
type  round  the  northern  and  eastern  margin  of  the  Paris  basin.  They  have  been  found 
also  in  deep  wells  around  Paris.  In  the  valley  of  the  Meuso  and  in  the  Ardennes,  this 
stage  consists  of  3  sub-divisions :  (1)  a  lower  green  sand  (Amm.  mamiUaris)^  with 
phosphatio  nodules;  (2)  a  brick  clay  with  Amm.  lantus.  A,  tuberculatus ;  (3)  a  porous 


*  See  D*Archiac,  Mem.  8oe.  Geol.  FrancCy  2"  se'r.  ii.  p.  1 ;  Baulin,  op.  cit.  p.  219 ; 
Ebray,  BuU  Soc.  G^.  France,  2*  ser.  xvi.  p.  213 ;  xix.  p.  184 ;  Oomuel,  Bull  Soc.  GM, 
France,  2*  s^.  xvii.  p.  742 ;  3*  s^r.  ii.  p.  371 ;  He'bert,  op.  cit.  2*  se'r.  xxiv.  p.  323 ; 
xxviii.  p.  137 ;  xxix.  p.  394 ;  Coquand,  op.  cit.  xxiii.  p.  561 ;  Rouville,  op.  cit.  xxix. 
p.  723  ;  Bleicher,  od.  cit.  3*  ser.  ii.  p.  21 ;  Toucas,  op.  cit.  iv.  p.  315. 

'  See,  besides  the  works  already  cited,  Barrois,  BvU.  Soc.  0461.  France,  2*  se'r.  iii. 
707 ;  -4  7171.  Soc,  Ged,  du  Nord^  ii.  p.  1 ;  Keoevier,  BtdU  Soc,  Geol,  France^  2"  Kc'r, 
Ii.  704. 
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calcareous  and  argillaceous  sandstone  known  as  Gaize,  containing  a  large  percentage  of 
Hilica  soluble  in  alkali  {Amm,  inJUUw,  &o.). 

Tlie  English  ty[)o  of  strata  from  the  Weald  upwards  is  also  prolonged  into  France. 
Frcsb-wator  sands  and  clays  (with  l/hto,  Cyclase  and  Cf/rena\  found  aboTe  the  Jnrassio 
series  in  the  Boulounais,  evidently  represent  the  Weald,  and  are  oovered  by  dark  green 
clays  and  sands  (with  OUrea  aqtiUa)^  which  are  doubtless  a  continuation  of  the  Folke- 
stone beds,  and  by  a  thin  blue  olay  which  represents  the  Gault.  Again,  in  the  FajB  de 
Bray,  to  the  west  of  Beauvais,  certain  sands  and  clays  resting  on  the  Portlandian  strata 
represent  the  Wcaldcn  series,  and  arc  followed  by  others  which  may  be  paralleled  with 
the  Urgonian,  Albian,  and  Gault. 

In  Belgium  the  Cretaceous  system  is  underlaid  by  certain  clays,  sands,  and  other 
deposits  belonging  to  a  continental  period  of  older  date  than  the  submergence  of  that 
region  beneath  the  sea  in  which  were  deposited  the  uppermost  Neooomian  beds.  These 
scattered  continental  deposits  haye  been  grouped  under  the  name  of  Aachenian.*  That 
at  least  some  part  of  them  belongs  to  older  Neooomian  time,  and  may  be  coeval  with  the 
Weald,  may  be  inferred  from  the  remarkable  discovery  at  Bemissart,  already  alluded  to, 
where,  in  a  buried  system  of  Cretaceous  ravines,  the  reptilian  and  ichthyie  life  of  the 
time  has  been  well-preserved  (ante,  p.  815). 

Cretace. — ^The  Upper  Cretaceous  rocks  of  France  have  been  the  subject  of  prolonged 
and  detailed  study  by  the  geologists  of  that  country.'  The  northern  tracts  form  part  of 
tlie  Anglo-Parisian  basin,  in  which  the  upper  Cretaceous  rocks  of  Belgium  and  Englaxid 
were  laid  down.  The  same  paleeontological  characters,  and  even  in  great  meaguie  the 
same  lithological  composition,  prevail  over  the  whole  of  that  wide  area,  which  belongs  to 
the  northern  Cretaceous  province  of  Europe.  Apparently  only  during  the  early  part  of 
the  Cenomanian  period,  that  of  the  Bouen  Chalk,  did  the  Anglo-Parisian  basin  com- 
municate with  the  wider  waters  to  the  south,  which  were  bays  or  gulfs  freely  opening  to 
the  main  Atlantic.  In  these  tracts  a  notably  distinct  type  of  Cretaceous  deposits  wu 
accumulated,  which,  being  that  of  the  main  ocean,  covers  a  much  larger  geographical 
area  and  contains  a  much  more  widely  diffused  fauna  than  are  presented  by  the  more 
limited  and  isolated  northern  basin.  There  are  few  more  striking  oontrasts  between 
contemporaneously  formed  rocks  in  adjacent  areas  of  deposit  than  that  which  meets  the 
eye  of  the  traveller  who  crosses  from  the  basin  of  the  Seine  to  those  of  the  Loire  and 
(Garonne.  In  the  north  of  France  and  Belgium,  soft  white  chalk  covers  wide  tracts, 
presenting  the  same  lithological  and  scenic  characters  as  in  England.  In  the  centre  and 
south  of  France,  the  soft  chalk  is  replaced  by  hard  limestone,  with  comparatively  few 
sandy  or  clayey  beds.  This  mass  of  limestone  attains  its  greatest  development  in  the 
southern  })art  of  the  department  of  the  Dordogue,  where  it  is  said  to  be  about  SOO  feet 
thick.  The  lithological  differences,  however,  are  not  greater  than  those  of  the  fossib. 
Ill  the  north  of  France,  Belgium,  and  England,  the  singular  moUuscan  fiunily  of  the 
Hippuritidx  or  JRudistes  appears  only  occasionally  and  sporadically  in  the  Gretaoeooi 
rocks,  as  if  a  stray  individual  hod  from  time  to  time  found  its  way  into  the  legioo,  bat 
without  being  able  to  establish  a  colony  there.  In  the  south  of  France,  however,  the 
liippurites  occur  in  prodigious  quantity,  often  mainly  composing  the  limestones,  hence 


^  On  the  Aachenian  deposits  see  Dumont,  *  Terrains  Cretaces  et  Tertioires  *  f  edited  br 
M.  Mourlon,  1878),  vol.  i.  pp.  11-52. 

»  Notably  by  MM.  Hebert,  Toucos,  Coquand,  and  Comuel.  As  already  stated,  con- 
siderable differences  exist  among  French  and  Swiss  geologists  as  to  the  nomendatoie 
and  the  linos  of  demarcation  between  the  upper  Cretaceous  tbrmations,  arising  doubtleM 
in  great  part  from  the  varying  aspect  of  the  rocks  themselves,  according  to  the  region  in 
which  they  are  studied.  I  have  followed  mainly  M.  Helwrt,  whose  suggestive  memoirs 
ought  to  he  carefully  read  by  the  student.  See  especially  his  "  Oudulations  de  la  Craic 
(laii8  Ic  Bassiu  de  Paris."  Bull.  Soc.  Geol  Fraitce  (2)  xxix.  (1872)  p.  446  ;  (3)  iii.  (1875) 
p.  512;  and  Ann.  Set.  Geol.  vii.  (1876);  "Description  du  Bassin  d'Uchaux,"  Ann.  Sei, 
GM.  vi.  (1875) ;  "  Terrain  Cretace  des  Pyrencea,"  Bull  Soc.  G^d.  France  (2)  xxiv.  (1867) 
]).  32y ;  (3)  ix.  (l^SO).  V.  ^*i.  \J\J 
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oalled  hippurite  limestone  (Rudisten-Kalk).  They  attained  a  great  size,  and  seem  to 
have  grown  on  immense  banks,  like  our  modem  oyster.  They  appear  in  sucoessive 
species  on  the  different  stages  of  the  Cretaceous  system,  and  can  be  used  for  marking 
palfBontological  horizons,  as  the  oephalopods  are  employed  elsewhere.  But  while  these 
lamellibranchs  played  so  important  a  part  throughout  the  Cretaceous  period  in  the 
south  of  France,  the  numerous  anmionites  and  belemnites,  so  characteristic  of  the  Chalk 
in  England,  were  comparatively  rare  there.  The  very  distlnctiye  type  of  hippurite 
limestone  has  so  much  wider  an  extension  than  the  northern  or  Chalk  type  of  the  upper 
Cretaceous  system  that  it  should  be  regarded  as  really  the  normal  development.  It 
ranges  through  the  Alps  into  Dalmatia,  and  round  the  great  Mediterranean  basin  far 
into  Asia. 

Cenomanian  (Craie  glauconieuse). — According  to  the  classification  of  M.  H^ert 
this  stage  is  composed  of  two  sub-stages :  1st,  Lower  or  Bouen  Chalk,  equivalent  to  the 
Upper  Greensand  and  Grey  Chalk  of  England.  In  the  northern  region  of  France  and 
Belgium  this  sub-stage  consists  of  the  following  subdivisions :  a,  a  lower  assise  of  glauoo- 
nifcic  beds  like  the  English  Upper  Greensand,  containing  AmmonUe$  inflahu  below  and 
Peden  atper  above  (Bothomagian  sub-stage) ;  6,  Middle  glauconitio  chalk  with  TurrilUe$ 
iuberetdatui^  HoUuter  carinatMf  &c.,  probably  equivalent  to  the  English  Glauconitio  Marl 
and  Chalk  Marl;  e.  Upper  hard,  somewhat  argillaceous,  grey  chalk  with  HolaUer 
subglohosuB ;  the  threefold  subdivision  of  this  assise  already  given,  is  well  developed  in 
the  north  of  France ;  d,  Calcareous  marls  with  BdemniteUa  jilena  (Carentonian  sub-stage). 
2nd,  Upper  or  marine  sandstone ;  according  to  M.  Hubert  this  sub-stage  is  wanting  in 
the  northern  region  of  France,  England,  and  Belgium.  In  the  old  province  of  Maine  it 
consists  of  sandd  and  marls  with  Anorthopygus  orbieularUf  Exogyra  ((htrea)  oolumbay 
TrigoniOt  ftnd  Ostrea,  Farther  south  these  strata  are  replaced  by  limestones  with 
hippurites  (Caprina  adverad),  which  extend  up  into  the  Pyrenees  and  eastwards  across 
the  Bhone  into  Provence.* 

Turonian  (Craie  mameuse).*  —  This  stage  presents  a  very  different  fades  ao- 
oording  to  the  part  of  the  country  where  it  is  examined.  In  the  northern  basin, 
according  to  M.  Hubert,  only  its  lower  portions  occur,  separated  by  a  notable  hiatus 
from  the  base  of  the  Senonian  stage,  and  consisting  of  marly  chalk  with  Inooeramus 
labiatu$j  J.  Brongniartif  Ammonites  nodosoidea,  A.  perampluSf  Terehratulina  graeilU 
(Ligerian  sub-stage).  He  places  the  zone  of  Holaster  plantu  at  the  base  of  the 
Senonian  stage,  and  believes  that  in  the  hiatus  between  it  and  the  Turonian  beds 
below,  the  greater  part  of  the  Turonian  stage  is  really  wanting  in  the  north.  On  the 
other  hand.  Dr.  Barrels  and  others  would  rather  regard  the  zone  of  Holaster  planus  as 
the  top  of  the  Turonian  stage  (Angoumian  sub-stage.)  In  the  north  of  France,  as  in 
England,  it  is  a  division  of  the  White  Chalk,  containing  Ammonites  peramplus,  Scaphites 
Oeinitziif  Spondylus  spinosus,  Inoceramtu  inxquivalviSf  Terebrattda  semigldbosa^  Holaster 
pianuSf  Ventriculites  monili/eruSj  &c.  Strata  with  Inoeeramus  labiatuSf  marking  the 
base  of  the  Turonian  stage,  can  be  traced  through  the  south  and  south-east  of  France 
into  Switzerland.  These  are  overlaid  by  marls,  sandstones,  and  maasive  limestones  with 
Exogyra  (flelrea)  eolumha  and  enormous  numbers  of  hippurites  {Hippurites  oomu- 
vaeeinum,  Badiolites  comip-pastoriSf  &c.).  These  hippurite  limestones  sweep  across  the 
centre  of  Europe  and  along  both  sides  of  the  great  Mediterranean  basin  into  Asia, 
forming  one  of  the  most  distinctive  landmarks  for  the  Cretaceous  system. 

Senonian. — This  stage  is  most  fully  developed  in  the  northern  basin,  where  it 
consists  mainly  of  white  chalk  separable  into  the  two  divisions  of:  1st,  Micraster 
(Santonian)  sub«stage  composed  of  chalk  beds,  in  the  lower  of  which  Micraster  eor- 


*  See  a  memoir  on  the  Upper  Cretaceous  Bocks  of  the  basin  of  Ucliaux  (Provence)  by 
Hubert  and  Toucas,  Ann.  Sciences  GM.  vi.  (1875). 

*  For  a  recent  review  of  the  Turonian,  Senonian,  and  Danian  stages  in  the  north  and 
south  of  Europe,  see  Toucas,  Bull  Soo.  Giol  France,  3~  s^r.  x.  (1882)  p.  154. 
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ieatudinarium,  and  in  the  upper  M,  eor-anguinum  is  the  prevalent  urchin.  The 
palsontological  fades  occurs  in  this  and  the  other  group  as  In  the  oorrespondiDg  strata 
of  England  already  described.  2nd,  Belemnitella  (Gampanian)  sub-stage,  with  B, 
quadrata  in  a  lower  zone,  and  B.  muoronata  (Meudon  Chalk)  in  a  higher.  In  the  south 
and  south-east  of  France  the  oorreq)onding  beds  are  partly  marine,  partly  freah-ivater, 
and  contain  beds  of  lignite. 

D  a  n  i  a  n. — This  subdiyision  of  the  Cretaceous  system  appears  to  be  derelc^wd  only  in 
the  northern  basin.  In  the  Cotentin,  a  limestone  with  BaetdUes  aneqMy  Seaphilm 
constrictui,  and  other  fossils  has  been  paralleled  with  the  Maestrioht  Chalk  (Ifaestridi- 
tian  sub-stage).  In  the  neighbourhood  of  Paris  and  in  the  department  of  Oiae  and 
Marne,  a  rock  long  known  as  the  Pisolitic  Limestone  occurs  in  patches,  lying  unoon- 
formably  on  the  White  Chalk  (Garumnian  sub-stage).  The  long  interval  which  most 
have  elapsed  between  the  highest  Senonian  beds  and  this  limestone  is  faidicated  not 
only  by  the  evidence  of  great  erosion  of  the  olialk  previous  to  the  deposit  of  the 
limestono,  but  also  by  the  marked  palaontological  break  between  the  two  roeks.  The 
general  aspect  of  the  fossils  resembles  that  of  the  older  Tertiary  formatioiis,  but  among 
them  are  some  undoubted  Cretaoeous  species.  In  the  south-east  of  Belgium,  the  Danian 
stage  is  well  exposed,  resting  unconformably  on  a  denuded  surface  of  ohalk.  In 
Uainault,  it  consists  of  successive  bands  of  yellowish  or  greyish  chalk,  between  some  of 
which  there  are  surfaces  of  denudation,  with  perforotions  of  boring  mollnsks,  so  that  it 
contains  the  records  of  a  prolonged  period  (Chalk  of  St.  Yaast,  Obourg,  Nouvelles, 
Spienne,  and  Ciply).  Among  the  fossils  are  Belemnitella  mucronataj  Baculiteg  Fanjatii, 
Nautilus  Dekatji  (but  no  AmmaniteSf  Hamites,  or  Turrilites),  Inoceramus  Cwieri, 
Oftrea  flabeUiformiSj  0.  lateraliSy  0.  ve$iculari$f  Crania  ignahergengis,  TerebraimUna 
striataj  Fisstirirostra  Faliwii  (characteristic),  Badiolites  ciptyanus,  Etekara  several 
species  and  in  great  numbers,  Ananchyte^  ovaiuSf  Holaster  grantfUosus.  The  well-known 
chalk  of  Maesbricht  is  equivalent  to  part  of  these  strata,  but  appears  to  emhmoe  also 
a  higher  horizon  containing  Hemipneustes  $trialo-radiatu$.  Crania  ignabergen$i$.  Ten- 
hraiulina  striata^  Fismrirostra  peefiniformisy  Ostrea  lunata^  0.  vencutarisy  Janira 
quadricosiata,  and  numerous  remains  of  Mosasaurus  and  of  chelonians,  togetlier  with 
VdxUa  fatciolaria,  and  otlier  characteristically  Tertiary  genera  of  mollnsks.*  Similar 
strata  and  fossils  occur  at  Faxoe,  Denmark,  and  in  the  south  of  Sweden.*  The  te^ 
restrial  flora  in  the  highest  Cretaceous  series  at  Aix-la-Cbapelle  has  been  already 
referred  to  (p.  808). 

Germany. — The  Cretaceous  deposits  of  Germany,  Denmark,  and  the  south  of 
Sweden  were  accumulated  in  the  same  northern  province  with  thoee  of  Britain,  the 
north  of  France,  and  Belgium,  for  they  present  on  the  whole  the  same  palsBontologieiJ 
succession,  and  even  to  a  considerable  extent  the  same  lithological  characters.  It  would 
appear  that  the  western  part  of  this  region  began  to  subside  before  the  eastern,  and 
attained  a  greater  amount  of  depression  beneath  the  sea.  In  proof  of  this  statement,  it 
may  be  mentioned  that  the  Neocomian  clays  of  the  north  of  England  extend  as  fitf  ai 
the  Teutoburger  Wald,  but  are  absent  from  the  base  of  the  Cretaceous  system  in  Saxony 
and  Bohemia.  In  north-west  Germany,  Neocomian  strata,  under  the  name  of  Hils, 
appear  at  many  points  between  the  Isle  of  Heligoland  (where  representatives  of  part  of 
the  Spceton  Clay  and  the  Hunstanton  Bed  Chalk  occur)  and  the  east  of  Brunswick, 
indicative  of  what  was,  doubtless,  originally  a  continuous  deposit.  In  Hanover,  they 
consist  of  a  lower  series  of  conglomerates  (Hils-conglomerat),  and  an  upper  group  oif 
clays  (Hils-thon).  Appearing  on  the  flanks  of  the  hills  which  rise  out  of  the  grett 
drift-covered  plains,  they  attain  their  completest  development  in  Brunsvrick,  where  they 
attain  a  total  thickness  of  450  feet,  and  consist  of  a  lower  group  of  limestone  and  sandy 


^  Dumont,  *  M^m.  Terrains  Crdtac^'  &c.,  1878 ;  Monrlon,  *  Geol.  de  la  Belgiqne/ 
1880. 

«  Hubert,  Bull,  Soc.  Giol  France  (8),  v.  645 ;  Lundgren.  op.  eit  x.  (1882)  p.  456. 
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marls,  with  TooDogter  eomplanatus,  Ostrea  {Exogyrd)  CouUmi  (nn%iaia\  Ammoniles  bidu 
ehotomuB,  A,  astierianuB,  and  maDy  other  foasils ;  a  middle  group  of  dark  blue  clays  with 
Bdemniles  bruMvioemU,  Ammonites  Nisua,  Crioceras  {Ancylocera$)  Emeriei,  OOrea 
iExogyra)  Couloni  (9inuata\  &c.,  and  an  upper  group  of  dark  and  whitish  marly  days 
with  Ammonitei  Mariini,  A,  Deahayeni,  A.  Nisus,  Belemnites  EtocUdi,  Toxoceras  royw 
tanum,  Crioeenu^  &c,^  Below  the  Hils-thon  in  Westphalia,  the  Harz,  and  Hanover, 
the  lower  parts  of  the  true  marine  Neocomian  series  are  replaced  by  a  massive  fluviatile 
formation  corresponding  to  the  English  Wealden,  and  divisible  into  two  groups: 
lst»  Diester  sandstone  (600  feet),  like  the  Hastings  Sand  of  England,  consisting  of 
fine  light  yellow  or  grey  sandstone,  dark  shales,  and  seems  of  coal  varying  from  mere 
partings  up  to  workable  seams  of  three,  and  even  more  than  six,  feet  in  thickness. 
These  strata  are  full  of  remains  of  terrestrial  vegetation  (Equisetum,  Baiera^  OUandri' 
dnim,  LacopteriSy  SagenopterUt  Anomozamites,  PterophyUumy  PodozamiteM,  and  a  few 
conifers),  also  shells  of  fresh-water  genera  {Cyrena,  PcUudina),  cyprids,  and  remains  of 
Lepidotua  and  other  fishes;  2nd,  Weald  Clay  (65  to  100  feet)  with  thin  layers  of  sandy 
limestone  {CyrenOy  Cycla$,  VnWy  Melania,  CypriSj  &c.).'  The  Grault  or  Albian  of 
north-western  Germany  contains,  according  to  Yon  Strombeck,  two  groups  of  strata. 
The  lower  of  these,  apparently  unrepresented  in  England,  consists  of  a  lower  day 
with  the  zone  of  Ammonites  miUetianus,  and  an  upper  clay  with  Amm,  tardefuroaiue. 
The  higher  contains  at  its  base  a  clay  with  BeUmnites  minimuB,  and  at  its  top  the 
widely  diffused  and  characteristic  *'  Flammenmergel  ** — a  pale  clay  with  dark  flame-like 
■treaks,  containing  the  zone  of  Ammonite$infl<Uu8.* 

The  Upper  Cretaceous  rooks  of  Germany  present  the  greatest  lithological  contrasts  to 
those  of  France  and  England,  yet  they  contain  so  large  a  proportion  of  the  same  fossils 
as  to  show  that  they  bdong  to  the  same  period,  and  the  same  area  of  deposit^  The 
Cenomanian  stage  consists  in  Hanover  of  earthy  limestones  and  marls,  which 
traced  southward  are  replaced  in  Saxony  and  Bohemia  by  gluuconi tic  sandstones  (Unter- 
Quader)  and  limestone  (Unter'^Pl&nerkEdk).  The  lowest  parts  of  the  formation  in  the 
Saxon,  Bohemian,  and  Moravian  areas  are  marked  by  the  occurrence  in  them  of  clays, 
shales,  and  even  thin  seams  of  ooal  (Pflanzen-Quader),  containing  abundant  remains  of  a 
terrestrial  vegetation  which  possesses  great  interest,  as  it  contains  the  oldest  known 
forms  of  hard-wood  trees  (willow,  ash,  elm,  laurel,  &o.).  The  Turonian  beds,  traced 
eastwards,  from  their  chalky  and  marly  condition  in  the  Anglo-Parisian  Cretaceous 
basin,  change  in  character,  until  in  Saxony  and  Bohemia  they  consist  of  massive  sand- 
stones (Mittel-Quader)  with  limestones  and  marls  (Mittd-Planer).  In  these  strata,  the 
occurrence  of  such  fossils  as  Inoeeramua  labiatus,  L  Brongniarti,  Ammonites  perampluf, 
Bcaphites  Oeinitziu  Spondylus  (Lima)  spinosus,  Tereibrattila  semiglobosoy  Ac.,  shows  their 
relation  to  the  Turonian  of  the  west.  The  S  e  n  o  n  i  a  n  stage  presents  a  yet  more 
extraordinary  variation  in  its  eastern  prolongation.  The  soft  upper  Chalk  of  England, 
France,  and  Belgium,  traced  into  Westphalia,  passes  into  sands,  sandstones,  and 
calcareous  marls,  the  sandy  strata  increasing  southwards  till  they  assume  the  gigantic 
dimensions  which  they  present  in  the  gorge  of  the  Elbe  and  throughout  the  picturesque 


>  Von  Strombeck,  Zeitsch.  Deutsch.  Geol.  Ges.  i.  p.  462  ;  xii.  20 ;  N,  Jahih.  1855,  pp. 
159,  644;  Judd,  Q.  /.  Qed,  Sac.  xxvi.  p.  343:  Vacek,  Jahrb,  Geol  Reicheanet  1880, 
p.  493. 

•  W.  Dimker,  *  Ueber  den  norddeutsch.  Waldcrthon,  u.  s.  w.,'  Cassel,  1844 ;  Dunker 
and  Yon  Meyer, '  Monographic  der  norddeutsch.  W'alderbildung,  u.  s.  w.,'  Brunswick, 
1846 ;  Heinrich  Credner,  *  Ueber  die  Gliederung  der  oberen  Jura  und  der  Wealdenbildnng 
in  nordwestlichou  Deutschland,'  Prague,  1863 ;  C.  Struckmann,  *  Die  Wealden-Bildungen 
der  Umgegend  von  Hannover,'  1880;  A.  Schenk  on  the  Wealden  Flora  of  North 
Germany,  PaUeontographicay  xix.  xxiii. 

»  Oeol.  Map.  vi.  (1869),  p.  261. 

*  On  the  distribution  of  the  Cephalopods  in  the  Upper  Cretaceous  rocks  of  north 
Germany,  see  C.  Schluter,  Zeitfch,  Deutsch,  Geol.  Ges.  xxviii.  p.  457.  For  the  Inocerami, 
op.  eit,  xxix.  p.  735. 
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region  known  as  Saxon  Switzerland  (Ober-Quader).  The  horizon  of  these  strata  is  well 
shown  by  such  fossils  as  BelemniteUa  quadrata,  B.  mucronata,  NautUuB  danieuM, 
Marsupites  ornatiu,  Bourgueticrinus  dlipticut^  Crania  ignahergenns,  &o. 

Switzerland  and  the  Chain  of  the  Alps.^ — ^This  area  is  included  in  the 
southern  basin  of  deposit.    In  the  Jura,  and  especially  round  Neuchitel,    the  Keooo- 
inian  beds  are  typically  developed.    This  stage  and  its  two  sub-stages  have  received 
their  names  from  localities  in  that  region  where  they  are  best  seen  (p.  830).     (1)  Valen- 
ginlan — a  group  of  limestones  and  marls  (130  to  260  feet)  with  Toxaster  Campiekeif 
Pygurua  rostraius^  Amm,  gevrUianw,  &c. ;  (2)  Hauterivian — a  mass  of  blue  marls  mr- 
mounted  by  yellowish  limestones,  the  whole  having  a  thickness  that  varies  np  to  850 
feet ;  Toxaster  oomplanatuSj  Ostrea  (Exogyra)  CouUmi,  O,  Leymerieij  Janira  oiavo,  Perma 
MuUeti,  Nautilus  pseudo-degans^  Amm,  radiatuSy  &c.     In  the  Alpine  region,  the  Neooo- 
mian  formation  is  represented  by  several  hundred  feet  of  marls  and  limestones,  which 
form  a  conspicuous  band  in  the  mountainous  range  separating  Berne  from  WaUia,  and 
thence  into   eastern  Switzerland  and  the  Austrian  Alps  (Spatangenkalk,  SchiBtten> 
kalk).    Some  of  these  massive  limestones  are  full  of  hippurites  of  the  Caprina  group 
(Caprotinenkalk,  with  Requienia  (Caprotina)  Lonsdaleiy  Radidlites  neocomienns^  ^0* 
others  abound  in  polyzoa  (Bryozoenkalk),  others  in  foraminifera  (Orbitolitenkalk).    Tho 
Aptian  and  Albian  stages  (Gault)  are  recognisable  in  a  thin  band  of  greenish  sandstono 
and  marls  which  have  long  been  known  for  their  nimierous  fossils  (Perte  du  Bhone,  St. 
Croix).    They  are  traceable  in  the  Swiss  Jura  and  the  Alps  of  Savoy.    In  the  Voralber^ 
and  Bavarian  Alps  their  place  in  taken  by  calcareous  glauconite  beds  and  the  Turrilite 
grecnsand  (T.  Bergeri) ;  but  in  the  eastern  Alps  they  have  not  been  recognised. 

One  of  the  most  remarkable  formations  of  the  Alpine  regions  is  the  enormous  mass  of 
sandstone  which^  under  the  name  of  Flysch  and  Vienna  Sandstone,  stretches  from  the 
south-west  of  Switzerland  through  the  northern  zone  of  the  mountains  to  the  plains  of 
the  Danube  at  Vienna.  Fossils  are  exceedingly  rare  in  these  rocks,  the  most  frequent 
being  fucoids,  which  afford  no  clue  to  the  geological  age  of  their  enclosing  strata.  That 
the  older  portions  in  the  eastern  Alps  are  Oretaceous,  however,  is  indicated  by  the  ocoa^ 
rence  in  them  of  occasional  Inoceramif  and  by  their  interstratification  with  tme  Keoco- 
mian  limestone  (Aptychenkalk).  The  definite  subdivisions  of  the  Anglo-Parisian  Upper 
Cretaceous  rocks  cannot  be  applied  to  the  structure  of  the  Alps,  where  the  fonnations 
are  of  a  massive  and  usually  calcareous  nature.  In  the  Vorarlberg,  they  consist  of 
massive  limestones  (Seewenkalk)  and  marls  (Seewenmergel),  with  Ammonites  ManidUt 
TurrUites  costaius,  Inooeramus  striatus,  Holcuter  carinatus,  &o.  In  the  north-easten 
Alps,  they  present  the  remarkable  facics  of  the  Gosau  beds,  which  consist  of  a  variable 
and  locally  developed  group  of  marine  marls,  sandstones,  and  limestones,  with  occasional 
intercalations  of  coal-bearing  fresh-water  beda  These  strata  rest  unconformably  on  all 
rocks  more  ancient  than  themselves,  even  on  older  Cretaceous  groups.  They  have  yielded 
about  500  species  of  fossils,  of  which  only  about  120  are  found  outside  the  Alpine 
region,  chiefly  in  Turonian,  partly  in  Seiionian  strata.  Much  discussion  and  a  copious 
literature  has  been  devoted  to  the  history  of  these  deposits.*    The  loosely  imbedded 


*  Studer's  'Geologic  der  Schweiz';  Gumbel,  < (reognostisdie  Beschreib.  Bayer. 
Alpen,'  vol.  i.  p.  517,  et  seq. ;  '  Geognostische  Beschreib.  des  Ostbayer.  Gienxegebirg,' 
18G8,  p.  697  ;  Jules  Marcou,  M€nu  Soe.  G4ol  France  (2)  iii. ;  P.  de  Loriol,  *  Invert^hrA 
de  TEtage  Neocomien  moyen  du  Mt.  Sal^ve,'  Geneva.  1861 ;  Benevier,  Bvll  Soe,  GeoL 
France  (3)  iii.;  A.  Favre.  ibid,;  Von  Hauer's  *Die  Geologie  der  Oesterr.  Ungar. 
Monarchie/  1878,  p.  505,  et  seq. 

*  See  among  other  memoirs,  Sedewick  and  Murchison,  Trans,  Geol.  Soe,  2nd  ser.  iii.; 
Beuss,  Denkschrift.  Akad,  Wien,  viL  1 ;  Sttzb.  Akad,  Wien,  xl  882 ;  Stoliczka,  SUA. 
Akad,  Wien,  xxviii.  482  ;  Iii.  1 ;  Zekeli,  Abhandl.  Geol.  Reichsanst.  TTien,  i  1 ;  F.  voa 
Hauer,  Sitrb,  Akad,  Wien,  liiL  300 ;  •  Palaeont.  Oesterreich  *  L  7 ;  *  Geologic,*  p. 
516;  Zittell,  Denkschrift.  Akad.  Wien,  xxiv.  105;  xxv.  77;  Bfinzel,  Abhandl  Geol. 
Beichsanst,  v.  1 ;  G Umbel,  *  Geognostische  Beschreib.  Bayerisch.  Alpen,'  1861,  p.  517, 
et  seq. 
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shells  saggested,  a  Tertiary  age  for  the  strata ;  but  their  banks  of  corals,  sheets  of 
orbitolite-  and  hippnrite-limestone  and  beds  of  marl  with  Ammonites,  Inocerami  and 
other  traly  Oretaceons  forms,  have  left  no  doubt  as  to  their  really  Upper  Cretaceous 
age.  Among  their  subdivisions,  the  zone  of  Hippurites  comu-vcLccinwn  is  recognisable. 
From  some  lacustrine  beds  of  this  age,  near  Wiener  Neustadt,  a  large  collection  of  rep- 
tilian remains  has  been  obtained,  including  deinosaurs,  chelonians,  a  crocodile,  a  lizard, 
ftod  a  pterodactyle— in  all  fourteen  genera  and  eighteen  species.*  Probably  more  or  less 
equiyalent  to  the  Gk)sau  beds  are  the  massive  hippurite-limestones  and  certain  marls, 
containing  Bdemnitetta  mueronata,  Ananchytes  otnitua,  ^c,  of  the  Salzkammergut  and 
Bayarian  Alps.*  The  upper  Cretaceous  rocks  of  the  south-eastern  Alps  are  distinguished 
by  their  hippurite-limestones  (Budistenkalk)  with  shells  of  the  Hippurites  and  Radiolites 
g^ups,  while  the  lower  Cretaceous  limestones  are  marked  by  those  of  the  Caprina  group 
(Oaprotinenkalk).  They  form  ranges  of  bare  white,  rocky,  treeless  mountains,  perforated 
with  tunnels  and  passages  (Dolinen,  p.  342). 

Basin  of  the  Mediterranean.— The  southern  type  of  the  Cretaceous  system 
attains  a  great  development  on  both  sides  of  the  Mediterranean  basin.  The  hippurite 
limestones  of  the  south  and  south-east  of  France  are  prolonged  into  Italy  and  Greece, 
whence  they  range  into  Asia  Minor  and  into  Asia.  Cretaceous  formations  appear  like- 
wise in  SioUy  and  cover  a  vast  area  in  the  north  of  Africa.  In  the  desert  region  south 
of  Algiers,  they  extend  as  vast  plateaux  with  sinuous  lines  of  terraced  escarpments.' 

India. — The  hippurite  limestone  of  south-eastern  Europe  is  prolonged  into  Asia 
Minor,  and  occupies  a  vast  area  in  Persia.  It  has  been  detected  here  and  there  among  tho 
Himalaya  Mountains  in  fragmentary  outliers.  Southward  of  these  marine  strata,  there 
appears  to  have  existed  in  Cretaceous  times  a  wide  tract  of  land,  corresponding  on  the 
whole  with  the  present  area  of  the  Indian  peninsula,  but  not  improbably  stretching 
Bonth-westwards  so  as  to  unite  with  Africa.  On  the  south-eastern  side  of  this  area  the 
Cretaceous  sea  extended,  for  near  Trichinopoly  and  Pondicherry  a  series  of  marine 
deposits  occur,  corresponding  to  the  European  Upper  Cretaceous  formations,  with  which 
they  have  16  per  cent  of  fossil  species  in  common.  Similar  strata,  with  many  of  the 
same  fossils,  occur  on  the  African  coast  in  Nab\l.  The  most  remarkable  episode  of 
Cretaceous  times  in  the  Indian  area  was  undoubtedly  the  colossal  outpouring  of  the 
Decoan  basalts.  These  rocks,  lying  in  horizontal,  or  nearly  horizontal,  sheets,  attain  a 
vertical  thickness  of  from  4000  to  5000  feet,  and  where  thickest  6000  feet  or  more. 
They  cover  an  area  estimated  at  200,000  square  miles,  though  their  limits  have  no 
doubt  been  reduced  by  denudation.  Their  oldest  beds  lie  slightly  unconformably  on 
Cenomanian  rocks,  and  in  some  places  appear  to  be  regularly  interstratified  with  the 
uppermost  Cretaceous  strata.  The  occurrence  of  remains  of  fresh-water  moUusks,  land- 
plants,  and  insects,  both  in  the  lowest  and  highest  parts  of  the  volcanic  series,  proves 
that  the  lavas  must  have  been  subaerial.  This  is  one  of  the  most  gigantic  outpourings 
of  volcanic  matter  in  the  world.* 

Tflforth  America. — Recent  surveys  of  the  Western  Territories  of  the  United  States 
and  of  British  Columbia  have  greatly  increased  our  knowledge  of  the  Cretaceous  system 
on  the  American  continent,  where  it  is  now  known  to  cover  a  vast  expanse  of  surface 
and  to  reach  an  enorm  >us  thickness.  Sparingly  developed  in  the  eastern  States,  from 
New  Jersey  into  South  Carolinn,  it  spreads  out  over  a  wide  area  in  the  south,  stretching 
round  the  end  of  the  long  Palsdozoic  ridge  from  Georgia  through  Alabama  and  Tennessee 


»  Seeley,  Q.  J.  Geol  Soc.  1881,  p.  620. 

*  See  GUmbel,  op,  cit.  He  gives  a  table  of  correlations  for  the  European  Cretaceous 
rocks  with  those  of  Bavaria  in  his  *  Geognost.  Beschreib.  Ostbayer.  Grenzgeb.'  pp.  700, 701. 

*  Coquand,  *  Description  g^l  et  pal^ntol.  de  la  region  sud  de  la  province  de  Con- 
stantin,  1862 ;  RoUand,  BuH  Soc,  Gkl,  France  (3)  ix.  508 ;  Perron,  op,  eit.  p.  436 ; 
this  author  has  recently  published  a  valuable  memoir  on  the  Geology  of  Algeria,  with  a 
full  bibliography,  Ann.  Sciences  GeoL  1883. 

*  Medlicott  and  Blanford,  *  Geologjr  of  India,*  see  ante^  pp.  241,  551.  The  Upper 
Cretaceous  fauna  of  India  is  described  m  PcUsBontograph.  Jndteo,  ser.  xiv.  (1883). 
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to  the  Ohio ;  and  reftppearing  from  under  the  Tertiazy  forntttknui  on  tfae  wi lideer 
the  Mississippi  over  a  large  spaoe  in  Tens  and  the  Bouth-weet.  Ita  gwatart  dwdup- 
ment  is  reached  in  the  Western  Stales  and  Territories  of  the  Boeky  KomtsSB  ngha, 
Wyoming,  Utah,  and  Cbkiado,  whence  it  ranges  northward  into  Britlsli  Aflwriea,  eont- 
ing  thousands  of  square  miles  c^  the  prairie  ooontry  between  Manitoba  and  Hm  Bockf 
Mountains,  and  extending  westwards  oTon  as  for  as  Qneen  Gharlotle  Jstaiids»  wlMn  it 
is  well  deToloped.  It  has  a  prodigious  northward  extension,  for  it  has  baso  dalBctei  li 
Arotio  America  near  the  month  of  the  Maokeniie  Biver,  and  in  northeni  Gmanbiid. 

Towards  the  south  over  the  site  of  Texas,  the  Gretaoeons  sea  appears  to  hamhsea 
deeper  and  clearer  than  elsewhere  in  the  Amerioan  region,  to  its  ptosspee  Is  neoriri 
chiefly  by  limestones,  among  which  oocnr  abundant  hipporites  (OspniMM,  CVijirfas)  sad 
foraminifera  {OrbUoliUi).  Northwards  the  strata  are  diiefly  sandy,  and  prasanft  all»> 
nations  of  marine  and  terrestrial  eonditionsi  pointing  to  osefllations  whioli  numiih^y 
alTected  the  Rocky  Mountain  and  westen  regions.  The  gieatert  devalopiiient  «f  Ihs 
^^m  is  to  be  seen  in  the  north  of  Utsh  and  in  Wyoming;  where  it  prasents  m  <^*i«*Hri— 
series  of  deposits  unbroken  by  any  nnconfonnability  for  a  thiekneas  of  from  U,O0OiD 
18,000  feet  The  following  table  shows  the  oharaeter  of  these  dqiosits  in  desasadiif 
order: — 

Laramie  (Lignitic)  group.— Buff  and  gr«y  aandstonas,  with  bands  of  dark  daya  aad 
numerous  ccMd-saams,  containing  ahnndaat  tarrastrial  Tagatatton  of  Tertiary  (jpia, 
marine  and  braokuh-water  molluaka  (Ammomtet  lobatuSf  rnnnfrmnaijimMainflrfMii, 
Ostrea  oongestOf  Cynna  CMtoni,  Phjfia,  Vaivata,  tcX  aad  remains  of  fisb« 
{Beryx,  Lepiddui),  turtiai  (IWemm*,  Smy$^  Cbrnpiamy*),  aad  reptiles  (ChteedUm, 
AgathcttimMB^  &c).  Tliii  group  is  by  soma  geologiits  plaoed  in  the  Tertiary  aeriia, 
or  as  a  passage  series  between  the  Crataoaoua  and  hootsnt  syitema  (aee  p.  9SV), 
Thickness  in  Green  RiTer  bashi  5000  feet. 
Fox  Hills  group. — Grey,  rusty,  and  buff  sandstones,  with  numerous  beds  of  coal 
and  interstratifications  containing  marine  shells  {BHsmmMlaf^Ntadihu^  Am' 
monites^  BacuJUUs^  Mosasawrus^  ftc).  Thickness  on  the  great  plains  1500  feet, 
which  in  the  Green  Rirer  basin  expands  to  fVom  3000  to  4000  feet. 
Colorado  group. — Calcareous  shales  and  clays  with  a  central  sandy  seriea,  and,  in 
the  Wahsatch  region,  seams  of  coal  as  well  as  fluviatile  and  marine  shells. 
Thickness  east  of  the  Rocky  Mountains  800  to  1000  feet,  but  westwards  in  the 
region  of  the  Uinta  and  Wahsatch  Mountains  2000  feet. 

This  group  has  been  proposed  and  named  hy  Dr.  Hayden  and  Mr.  Clarence  Kmg 
to  include  the  following  sub-groups  in  the  original  classification  of  Messrs.  Meek 
and  Hayden  in  the  Missouri  region : — 

Fort  Pierre  sub-group. — Carbonaceous  shales,  marls,  and  clays  (/aoc^romtis  Aiim- 

hinij  Baculites  ovatuSf  Scaphites  nodosus^  Ammonites^  Ostrea  congeitOf  kc), 
Kiobrara  sub-group. — Chalky  marls  and   hituminous   limestones  (BaculUet, 

Inoceramus  deformis^  I,  probUmaticuSf  Ostrea  congesta,  fish  remains). 
Fort  Benton  sub-group. — Shales,  clays,  and  limestones  (Scaphites  tectrrtnensis. 
Ammonites,  Prumocydas  Woolgari,  Ostrea  congesta). 
Dakota  group,  composed  of  a  persistent  hasal  conglomerate  (which  is  200  feet  thick 
and  very  coarse  in  the  Wahsatch  region)  overlain  hy  yellow  and  grey  massive 
sandstoDes,  sometimes  with  clays  and  seams  of  coal  or  lignite  (dicotyledonous 
leaves  in  great  numhers,  Inoceramtts,  Cardium,  &c.).     Thickness  400  feet  and 
upwards.' 

The  extraordinary  palseoutological  richness  of  these  western  Cretaceona  dcpoeits  has 
been  already  referred  to.  They  contain  the  earliest  dicotyiedonouB  plants  yet  found  on 
this  coiitiDeDt,  upwards  of  100  species  having  been  named,  of  which  one-half  were  allied 
to  living  American  forms.  Among  them  are  species  of  oak,  willow,  poplar,  beech,  elm, 
dogwood,  maple,  hickory,  fig,  cinnamon,  laurel,  smilax,  tulip-tree,  saaaafraa,  sequoia, 
American  palm  {8ahal%  and  cycads.  Tlie  more  chnracteristio  moUueca  are  apeciei  of 
Terebraiula,  Ostrea,  Gryphxa,  Exogyra,  Inoceramus,  Hippuriteg,  RadiolUes^  Amwumite*^ 
Scaphites,  Uamites,  Baculites,  Belemnitcs,  Ancyloceras,  and   TurrilUes,    ()f  the  fishes 


Kin 


'  Hayden's  Reports  of  Geographical  and  Geological  Surveys  of  Wetiem  Territanr* : 
ig'a  ideological  Report  of  Exploration  of  iQth  Parallel,  toL  L 
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of  the  Cretaceous  sea,  many  species  are  known,  comprising  large  predaoeoos  represen- 
iaiiyes  of  modem  or  osseous  types  like  the  salmon  and  saury,  though  cestracionts  and 
ganoids  still  flourished.  But  the  most  remarkable  feature  in  the  organic  contents  of  these 
beds  is  the  extraordinary  number  and  variety  of  the  reptilian  remains,  to  which  refe- 
rence has  been  already  made  (p.  817).  Some  of  the  earliest  types  of  toothed  birds  also 
have  been  obtained  from  the  same  important  strata  (p.  818). 

No  question  in  American  geology  has  in  recent  years  given  rise  to  more  controversy 
than  the  place  which  should  be  assigned  to  the  Laramie  or  Lignitio  g^up,  whether  in 
the  Oretaceous  or  Tertiary  series.  The  group  consists  mainly  of  lacustrine  strata,  with 
occasional  brackish-water  bands.  Somewhere  about  140  species  of  mollusks  have  been 
obtained  from  them  which  are  terrestrial  or  fresh-water  forms,  with  a  few  that  may  be 
braokish-water.  They  include  numerous  species  of  IZntb,  Cyrena,  Oorbula,  LimnsMit 
PlanorhiSy  Phyta^  BulimtUj  Hdix^  Melania,  Goniolxuis,  Hydrobia,  Vivipanu  and 
VaJLvata,  with  some  species  of  Odrea  and  Anomia,^  The  abundant  terrestrial  flora 
raembles  in  many  respects  the  present  flora  of  North  America.  A  few  of  the  plant  s 
are  common  to  the  Middle  Tertiary  flora  of  Europe,  and  a  number  of  them  have 
been  met  with  in  the  Tertiary  beds  of  the  Arctic  regions.  Some  of  the  seams  of 
vegetable  matter  are  true  bituminous  coals  and  even  anthracites.  According  to 
Oope,  the  vertebrate  remains  of  the  Laramie  group  bind  it  indissolubly  to  the  Me- 
sozoic  formations.  Lesquereux,  on  the  other  hand,  insists  that  the  vegetation  is 
anequivocally  Tertiary.  The  former  opinion  has  been  maintained  by  Olarence  King, 
Marsh,  and  others ;  the  latter  by  Hayden  and  his  associates  in  the  Survey  of  the 
Western  Territories.  Cope,  admitting  the  force  of  the  evidence  furnished  by  the 
fossil  plants,  concludes  that  '*  there  is  no  alternative  but  to  accept  the  result  that  a 
Tertiary  flora  was  contemporaneous  with  a  Cretaceous  fauna,  establishing  an  uninter- 
rupted succession  of  life  across  what  is  generally  regarded  as  one  of  the  greatest  breaks 
in  geologic  time."  The  vegetation  had  apparently  advanced  more  than  the  fauna  in  its 
progress  towards  modem  types.*  The  Laramie  group  was  disturbed  along  the  Booky 
Mountain  region  before  the  deposition  of  the  succeeding  Tertiary  formations,  for  these 
lie  unconformably  upon  it.  So  great  have  been  the  changes  in  some  regions,  that  the 
strata  have  assumed  the  character  of  hard  slates  like  those  of  PalsDOZoic  date,  if  indeed 
they  have  not  become  in  Califoraia  thoroughly  crystalline  masses. 

The  blending  of  marine  and  terrestrial  formations,  so  conspicuous  in  the  Western 
Territories  of  the  American  Union,  can  be  traced  northwards  into  British  America, 
Vancouver's  Island,  and  the  remote  Queen  Charlotte  group,  with  no  diminution  in  the 
thickness  of  the  series  of  strata.  The  section  at  Skidegate  Inlet  in  the  latter  islands  is 
as  follows :  * — 

Upper  shales  and  sandstones.  (Few  fossils,  the  only  form  recog- 
nised being  Inoceramus  problemaiicua)      ....  .         1,500  feet. 

Conglomerates  and  sandstones  (fragments  of  Belemnites)  .  .        2,000  „ 

Lower  shales  and  sandstones  with  a  workable  seam  of  anthracite  at 
the  base  (fossils  abandant,  including  species  of  AmmonHeSf  HamiteSj 
Belemnitea,  Trigonia^  Inoceramus^  Ostrea,  UniOf  TerebrcUula,  &c)    .       5,000  „ 

Volcanic  agglomerates,  sandstones,  and  tuffs,  with   blocks  sometimes 

four  or  five  feet  in  diameter       .......       3,500  „ 

Lower  sandstones,  some  tufaceous,  others  fossiliferous        .  .  .       1,000  „ 


13,000  „ 


*  C.  A.  White,  **  A  Review  of  the  Non-Marine  Fossil  MoUusca  of  North  America," 
U.S.  Ged.  Survey  Iteport^  1881-82.  See  the  same  author's  paper  on  the  mingling  of  an 
ancient  fauna  and  modern  flora  in  these  deposits,  Amer.  Joum,  Set.  (3)  xxvi.  p.  120. 

*  See  remarks  made  ante,  pp.  609,  617.  Neumayr  (N.  Jahrb.  1884,  i.  p.  74)  makes  a 
comparison  between  the  Laramie  group  and  the  inter-trappean  beds  of  the  Deocan. 

*  G.  M.  Dawson  in  Report  of  rrogress  of  Oeol.  Surv,  Canada,  1878-9 ;  J.  F. 
Whiteaves,  Mesozoic  Fossils,  vol.  i.  part  i.  in  publications  of  Oeol.  Survey^  Canada.  See 
also  Mr.  Dawson's  Report  on  Geology  and  Resources  of  the  Region  near  the  49th  Parallel : 
British  North  American  Boundary  Commission,  1875;  Report  on  Canadian  Pacific 
Railway,  Ottawa,  1880. 
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Southwards,  the  same  mingled  marine  and  terrestrial  tjpe  of  Cretaoeous  rooka  can 
be  followed  into  California,  where  the  higher  parts  of  the  series  oontain  beds  of  coaL 
The  coast  ranges  are  described  by  Whitney  as  largely  composed  of  Gretaceona  roda, 
usually  somewhat  metamorphio  and  sometimes  highly  so. 

Reference  has  already  (p.  808)  been  made  to  the  remarkable  Cretaceooa  flora  of 
Greenland.  Three  horizons  of  plant-bearing  beds  have  there  been  met  with:  (a)  the 
Kome  beds^dark  shales  resting  on  the  crystalline  rocks,  and  containing  what  appears 
to  be  a  Lower  Cretaceous  flora ;  (h)  the  Atane  beds — greyish-black  shales  and  sands 
(Upemivik,  Noursoak,  Disco,  &c.),  with  Upper  Cretaceous  plants;  (e)  pale  and  led 
clays  lying  on  the  Atane  beds.  Marine  fossils  found  in  some  of  the  Upper  Oretaoeoos 
beds  likewise  serre  to  indicate  their  horizon.^ 

Australasia.. — Representatives  of  the  Cretaceous  system  occupy  a  Yast  area  in 
Queensland  and  in  other  parts  of  Australia.    Among  their  foesUs  are  apeciea  of  huote- 
ramuSj  Ammonites^  Belemnitellat  lehthyofaurus  and  Plesiotaurua,    In  New  Zealand  the 
'*  Waipara"  formation  of  Canterbury  is  believed  to  represent  Upper  Cretaoeoua  and  pos- 
sibly some  of  the  older  Tertiiiry  horizons.    It  consists  of  massive  conglomerates  (some- 
times 6000  to  8000  feet  thick),  sandstones,  shales,  brown-coal  seams,  and  ironstones. 
The  plants  include  dicotyledonous  leaves,  cones,  and  branches  of  arauoariana  and  leaves 
and  twigs  of  Dammara.    Among  the  shells  no  cephalopods  nor  any  of  the  widespread 
hippurites  have  yet  been  found.    With  the  remains  of  fishes  {Lamna,  Hybodu9y  Otodut) 
occur  numerous  saurian  bones,  which  have  been  referred  to  species  of  PUnotttmrutt 
Manisaurus,  Polyootylu$j  &c.*    According  to  the  work  of  the  Geological  Survey  Depart* 
ment  of  New  Zealand,  the  Cretaceous  system  consists  of  a  lower  group  (500  feet)  of  green 
and  grey  incoherent  sandstones,  in  which  beds  of  bituminous  coal  occur  on  the  west 
coast  (Lower  Greensand),  surmounted  by  a  mass  of  strata  (2000  to  5000  feet)  which 
appears  to  connect  the  Cretaceous  and  Tertiary  series.    The  upper  part  of  the  group 
(consisting  of  marls,  greensand,  limestone  and  chalk  with  flints)  is  thoroughly  marine  in 
origin,  with  Aneyloceras^  BeUmnitety  BosteUaria,  Plesiotaunu^  Leiodon^  &c.    The  lower 
portion,  which  is  capped  by  a  black  grit  with  marine  fossils,  contains  the  most  valuable 
coal-deposits  of  New  Zealand.    The  plants  include  dicotyledonous  and  coniferous  fonni 
closely  allied  to  those  still  living  in  the  country.' 

Part  IV.   Cainozoic  or  Tertiary. 

The  close  of  the  Mesozoic  periods  was  marked  in  the  west  of  Europe 
by  great  geographical  changes,  during  which  the  floor  of  the  Cretaceous 
sea  was  raised  partly  into  land  and  ^lartly  into  shallow  marine  and 
estuarine  waters.  These  events  must  have  occupied  a  vast  period,  so 
that,  when  sedimentation  once  more  became  continuous  in  the  region, 
the  organisms  of  Mesozoic  time  (save  low  forms  of  life)  had,  as  a 
whole,  disappeared  and  given  place  to  others  of  a  distinctly  more 
modem  type.  In  England,  the  interval  between  the  Cretaceous  and 
the  next  geological  period  represented  there  by  sedimentary  formations 
is  marked  by  the  abrupt  line  which  separates  the  top  of  the  Chalk  from 
all  later  accumulations,  and  by  the  evidence  that  the  Chalk  seems  to 
have  been  in  some  places  extensively  denuded  before  even  the  oldest 
of  what  are  called  the  Tertiary  beds  were  deposited  upon  its  surface. 

>  Heer,  'Flora  Fossilis  Arctica,'  vi.  (1882). 

«  Etheridge,  Q.  J,  Geol  8oc  xxviii.  183,  340 ;  Owen,  GeoL  Mag.  vii.  49 ;  Hectw, 
Trans.  New  Zealand  Intt.  vi.  p.  333 ;  Haast,  *  Geology  of  Canterbury  and  Westlaail, 
p.  291 ;  Hutton  and  Ulrich,  *  Geology  of  Otago,'  p.  44. 

»  Hector,  •  Handbook  of  New  Zealand,'  1883,  p.  29. 
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There  is  evidently  here  a  considerable  gap  in  the  geological  record. 
We  have  no  data  for  ascertaining  what  was  the  general  march  of  events 
in  the  south  of  England  between  the  eras  chronicled  respectively  by 
the  Upper  Chalk  and  the  overlying  Thanet  beds.  So  marked  is  this 
hiatus,  that  the  belief  was  long  prevalent  that  between  the  records  of 
Mesozoic  and  Cainozoio  time  one  of  the  great  breaks  in  the  geological 
history  of  the  globe  intervenes. 

Here  and  there,  however,  in  the  continental  part  of  the  Anglo- 
Parisian  basin,  traces  of  some  of  the  missing  evidence  are  obtainable. 
Thus,  the  Maestricht  shelly  and  polyzoan  limestones,  with  a  conglome- 
ratio  base,  contain  a  mingling  of  true  Cretaceous  organisms  with  others 
which  are  characteristio  of  the  older  Tertiary  formations.  The  common 
Upper  Chalk  crinoid,  BourgueUcrinus  ellipticus,  occurs  there  in  great  num- 
bera ;  also  Ostrea  vesicularis^  Bacidites  Faujasiiy  Belemniiella  mucronata^  and 
the  great  reptile  Mosasawnu ;  but  associated  with  such  Tertiary  genera 
as  Volukij  Fdgdolaria^  and  others.  At  Faxoe,  on  the  Danish  island  of 
Seeland,  the  uppermost  member  of  the  Cretaceous  system  (Danian)  con- 
tains, in  like  manner,  a  blending  of  well-known  Upper  Chalk  organisms 
with  the  Tertiary  genera  Cyprssa,  Oliva,  and  Mttra,  In  the  neighbour- 
hood of  Paris  also,  and  in  scattered  patches  over  the  north  of  France, 
the  Pisolitic  limestone,  formerly  classed  as  Tertiary,  has  been  found  to 
include  so  many  distinctively  Upper  Cretaceous  forms  as  to  lead  to  its 
being  relegated  to  the  top  of  the  Cretaceous  series,  from  which,  however, 
it  is  marked  off  by  the  decided  unconformability  already  described. 
These  fragmentary  deposits  are  interesting,  in  so  far  as  they  help  to 
show  that,  though  in  western  Europe  there  is  a  tolerably  abrupt  sepa- 
ration between  Cretaceous  and  I'ertiary  deposits,  there  was  nevertheless 
no  real  break  between  the  two  periods.  The  one  merged  insensibly  into 
the  other ;  but  the  strata  which  would  have  served  as  the  chronicles  of 
the  intervening  ages  have  either  never  been  deposited  in  the  area  in 
question,  or  have  since  been  in  great  measure  destroyed.  In  southern 
Europe,  and  especially  in  the  south-eastern  Alps,  no  sharp  line  can  be 
drawn  between  Cretaceous  and  Eocene  rocks.  These  deposits  merge  into 
each  other  in  such  a  way  as  to  show  that  the  geographical  changes  of 
the  western  region  did  not  extend  into  the  south  and  south-east.  In 
North  America,  also,  on  the  one  side  (p.  813),  and  in  New  Zealand  on 
the  other,  there  is  a  similar  effacement  of  the  hard  and  fast  line  which 
was  once  supposed  to  separate  Mesozoic  and  Tertiary  formations. 

The  name  Tertiary,  given  in  the  early  days  of  geology,  before  much 
was  known  regarding  fossils  and  their  history,  has  retained  its  hold  on 
the  literature  of  the  science.  It  is  often  replaced  by  the  term  **  Cainozoic  " 
(recent  life),  which  expresses  the  great  fact  that  it  is  in  the  series  of 
strata  comprised  under  this  designation  that  most  recent  species  and 
genera  have  their  earliest  representatives.  Taking  as  the  basis  of 
classification  the  percentage  of  living  species  of  mollusca  found  by 
Deshayes  in  the  different  groups  of  the  Tertiary  series,  Lyell  proposed  a 
scheme  of  arrangement  which  has  been  generally  adopted.     The  older 
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Tertiary  formations,  in  which  the  number  of  still  living  species  of  sheik 
is  very  small,  he  named  Eocene  {dawn  of  ike  recent)^  inclnding  under 
that  title  those  parts  of  the  Tertiary  series  of  the  London  and  Paris  basins 
wherein  the  proportion  of  existing  species  of  shells  was  only  3j^  per 
cent.^  The  middle  Tertiary  beds  in  the  valleys  of  the  Loire,  Garonne, 
and  Dordogne,  containing  17  per  cent,  of  living  species,  were  termed 
Mi  ocene  {le88  recent),  that  is,  containing  a  minority  of  recent  forms.  The 
younger  Tertiary  formations  of  Italy  were  included  under  the  designation 
Pliocene  (more  recent),  because  they  contained  a  majority,  or  from  36  to 
95  per  cent.,  of  living  species.  This  newest  series,  however,  was  further 
subdivided  into  Older  Pliocene  (35  to  50  per  cent,  of  living  species)  and 
Newer  Pliocene  (90  to  95  per  cent.).  A  still  later  group  of  deposits  was 
termed  Pleistocene  {mo9t  recent),  where  the  shells  all  belonged  to  living 
species,  but  the  mammals  were  partly  extinct  forms.  This  classification, 
though  somewhat  artificial,  has,  wi^  various  modifications  and  amplifi- 
cations, been  adopted  for  the  Tertiary  groups,  not  of  Europe  only,  but 
of  the  whole  globe.  The  original  percentages,  however,  often  depending 
on  local  accidents,  have  not  been  very  strictly  adhered  to.  The  most 
important  modification  of  the  terminology  in  Europe  has  been  the 
insertion  of  another  stage  or  group  termed  Oligocene,  pro}>osed  by 
Beyrich,  to  include  beds  that  were  formerly  classed  partly  as  XT]^t 
Eocene  and  partly  as  Lower  Miocene.^ 

Some  writers,  recognising  a  broad  distinction  between  the  older  and 
the  younger  Tertiary  deposits  of  Europe,  have  proposed  a  classification 
into  two  main  groups :  Ist,  Eocene,  Older  Tertiary  or  Palaeogene,  in- 
cluding Eocene  and  Oligocene ;  and,  2nd,  Younger  Tertiary  or  Neogene. 
This  subdivision  has  been  advocated  on  the  ground  that,  while  the  older 
deposits  indicate  a  tropical  climate,  and  contain  only  a  very  few  living 
species  of  organisms,  the  younger  groups  point  to  a  climate  approaching 
more  and  more  to  that  of  the  existing  Mediterranean  basin,  while  the 
majority  of  their  fossils  belong  to  living  species.^ 

The  Tertiary  periods  witnessed  the  development  of  the  present 
distribution  of  land  and  sea  and  the  upheaval  of  most  of  the  great 
mountain-chains  of  the  globe.  Some  of  the  most  colossal  disturbanoes 
of  the  terrestrial  crust,  of  which  any  record  remains,  took  place  daring 
these  periods.  Not  only  was  the  floor  of  the  Cretaceous  sea  upraised 
into  low  lands,  with  lagoons,  estuaries,  and  lakes,  but  throughout  the 
heart  of  the  Old  World,  from  the  Pyrenees  to  Japan,  the  bed  of  the 
early  Tertiary  or  nummulitic  sea  was  upheaved  into  a  succession  of  giant 
mountains,  some  portions  of  that  sea-floor  now  standing  at  a  height  of 
at  least  16,500  feet  above  the  sea.  The  rocks  deposited  during  these 
periods  are  distinguished  from  those  of  earlier  times  by  increasingly  local 

»  Some  palaeontologists,  however,  doubt  whether  any  older  Tertiary  species,  except 
of  foraminifera  or  other  lowly  organisms,  is  still  living. 

*  Boyd  Dawkins  has  proposed  to  use  the  fossil  mammalia  as  a  basis  of  cltSBificatioD 
(Q.  /.  Geol.  Soc.  1880,  p.  879),  but  his  scheme  does  not  essentially  differ  from  that  io 
common  use  founded  on  molluscan  percentages. 

^  Homes,  Jdlirh.  Geol.  Rtiehsantt,  1864,  p.  510. 
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characters.  The  naramulitic  limestone  of  the  older  Tertiary  groups  is 
indeed  the  only  widespread  massiTe  formation  which,  in  the  uniformity 
of  its  lithological  and  paloeontological  characters,  rivals  the  rocks  of 
Mesozoio  and  Fabeozoio  time  As  a  rule.  Tertiary  deposits  are  loose 
and  incoherent,  and  present  such  local  variations,  fdike  in  their  mineral 
composition  and  organic  contents,  as  to  show  that  they  were  mainly 
accumulated  in  detached  basins  of  comparatively  limited  extent,  and  in 
seas  so  shallow  as  to  be  apt  from  time  to  time  to  be  filled  up  or  elcvated> 
and  to  become  in  consequence  brackish  or  even  fresh.^  These  local 
characters  are  increoeingly  developed  in  proportion  to  the  recentness  of 
the  deposits. 

The  climate  of  the  Tertiaiy  periods  underwent  in  the  northern 
hemisphere  a  remarkable  change.  At  the  beginning  it  was  of  a  tropical 
and  subtropical  character,  even  in  the  centre  of  Europe  and  North 
America.  It  then  gradually  became  more  temperate,  but  flowering 
plants  and  shrubs  cootinned  to  live  even  far  within  the  Arctic  circle, 
where,  then  as  now,  there  must  have  been  six  sunless  months  every 
year.  Growing  still  cooler,  the  climate  passed  eventually  into  a  phaee 
of  extreme  cold,  when  snow  and  ice  extended  from  the  Arctic  r^ons 
into  the  centre  of  Europe  and  North  America.  Since  that  time,  the 
cold  has  again  diminished,  until  the  present  thermal  distribution  has 
been  reached. 

With  such  changes  of  geography  and  of  climate,  the  life  of  Tertiary 
time,  as  m^ht  havo  been  anticipated,  is  found  to  have  been  remarkably 
varied.     In  entering  upon  the  Tertiary  series   of  formations,  we  find 
ourselves  upon  the  threshold  of  the  modem  type  of  life.     The  ages  of 
lycopods,  ferns,  cycads,  and  yew-like  conifers  have  passed  away,  anil 
that  of  the  dicotyledonous  angiosperms—  the  hard-wood  trees  and  evt-r- 
greens  of  to-day — now  succeeda  them,  but  not  by  any  su>lden  exlinotion 
and  re-creation ;  for,  as  we  have  seen  (p.  808),  some  of  tliese  tr«iui  )ui.l 
already  made  their  appearance  in  Cretaceous  times.     The    Iiip|iiiriU;h. 
inooeiami,  ammonites,  belemnites,  baculitcs,  turrilites,  BcaphiU:H,  niA 
other  mollusks,  which  had  played  so  large  a  part  in  th'i  iiii>)liii»':<iti  lil> 
of  the  later  Secondary   periods,  now   cease.     The  great  rfe'itJW.  lui. 
vbicht  in  va^  wonderful  variety  of  type,  wuro  the  doiniiiai>t  tlUllllui^  o 
^M  flMih's  mrboe,  •lika  on  land  and  sea,  ever  sim^e  the  o'.>uinif;ii<:-:fii<^jj 
of  the  Lias,   nun-    n-ii-.i  before    ihe   lni,r.:^iae  of  the  luauuuuli^    v.:..v 
advanrnd  i'l  ^i. :.  ■  i' '^j;  diversity  of  typ*:  until  they  ii3ki<'uv         ■.-■j.:.- 
mnui  Lo  ian..Ty  ■■:  :t:u  luid  in  bulk  JQst  l^f'jre  the  W-J  t^iw,-;!  r-.  i'.-ri-.- 
W;i-.!i  •■        -  Lr.ti.r  >ci.-n  passed  away  ami  the  cliiiiuU:  urcuiii     i:    il.« 
•'.     '■  v.ilupmmit  of  m.ini'iwlian  lift;  tna'   fu';..'.... 
i";ired  also,  bt^iiij;  >.i\\\y  feebly  ir\'fw::i-- 
it  iif  whkli  luau  JiuB  taken  lli^  i-m: 
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Section  1.  Eocene. 

§  1.  General   CliaraoterB. 

Rocks, — In  the  Old  World  the  moet  widely  diBtributed  depodt  of 
this  epoch  is  the  nummuliiic  Hmeatone,  which  extends  from  the  I^ie- 
neee  through  the  Alps,  Carpathians,  Cancaans,  Asia  Minor,  Northern 
Africa,  Persia,  Beloochistan,  and  the  Suleiman  Mountains,  and  is  found 
in  China  and  Japan.  It  attains  a  thickness  of  several  thonsond  feet. 
In  some  places  it  is  composed  mainly  of  foraminifora  (JfummutileM  and 
other  genera);  hut  it  sometimes  includes  a  tolerably  abandant  marine 
fauna.  Here  and  there  it  has  assumed  a  compact  crystalline  marble- 
like stmcture,  and  can  then  hardly  be  diatinguished  from  a  Mesozoio 
or  even  Palteozoic  rock.    Enormous  masses  of  sandstone  occnr  in  the 


Bttr  (ndOMd)  t  b,  Nipa  Burtinl,  Brongn,  ip.  (t). 


Eastern  Alps  (Vienna  sandstone,  Flysch),  referred  partly  to  the  same 
age,  hut  seldom  containing  any  fosails  save  fucoide  (p.  836).  The  moat 
familiar  European  type  of  Eocene  deposits,  however,  is  that  of  the 
Anglo-Parisian  and  Franco-Belgian  area,  where  are  found  uumerciiu 
thin  local  beds  of  usually  soft  and  uncompacted  clay,  marl,  sand.  And 
sandstone,  with  hard  and  soft  hands  of  limestone,  containing  altematioiu 
of  marine,  brackish,  and  fresh-water  strata. 

Life. — The  f  1  o  r  a  of  Eocene  time  has  been  abundantly  preaerved  on 
certain  horizons.  In  the  English  Eocene  groups,  a  sucoeesion  of  seven) 
distinct  floras  has  been  observed,  those  of  the  London  Clay  and  Bagshot 
beds  being  particularly  rich.  The  plants  from  the  London  Clay  indicate 
a  warm  climate.  They  include  species  of  conifers:  CaUitrit,  Solem>- 
slrobut,  Cupremnileg,  Sequoia,  Sali^mria,  Agaer,  Smilax,  Amoi»uvi,  Nipa 
(Fig.  403),  Sabal,  Chamsemps,  Trinax,  Quercus,  Corylm,  Jtuflatu,  LiqHtdatf 
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bar,  Petrophiloidea,  Magnolia,  Nelamibittm,  Victoria,  Btgktea,  Sapindus,  Euea- 
lypiut,  Coloneoiler,  f  runiu,  Amygdalva,  Faboidea,  fto.  This  aeeemblage 
iudicatea  a  rather  tropical  climate.'  Tlie  occurrence  of  proteaceoua 
plants  like  the  liviag  Australian  Petrophila  and  leopogon  in  the  Lower 
Elooene  vegetation  is  observable  also  in  that  of  the  middle  Eocene  period, 
when  these  plants  mingled  in  the  umbrageona  forests  of  evergreen  trees 
— lanrela,  cypresses,  and  yews.  Among  the  woodlands  there  grew 
species  of  ferns  (JLygodium,  AapJmwni,  Ac),  also  of  many  of  our  familiar 
trees  besides  those  just  mentioned,  such  as  chestnuts,  beeches,  elms, 
poplars,  hombeamB,  willows,  figs,  planes,  and  maples.  The  snb-tropical 
climate  was  shown  by  clumps  of  Pandanus,  with  here  and  there  a  fan- 
palm  or  feather-palm,  a  tall  aroid  or  a  towering  cactus.  The  Australian 
aspect  of  tiie  vegetation  eventually  gave  way  to  one  of  a  more  American 
character,  the  Australian  ProUacem  being  replaced  by  the  American 
JUyricacex,^ 

The  Eocene  f  a  u  n  a  presents  similar  evidence  of  tropical  or  sub- 


Fig.  4IH.— NummuliUc  UmuUFOC  <[)- 

tropical  conditions  in  central  Europe.  Especially  characteristic  ai-e 
foraminifera  of  the  genus  Nummulitet,  which  occur  in  prodigious  numbers 
in  the  nummuHte  limestone  (Fig.  404),  and  also  occupy  different  hori- 
zons in  the  English  and  French  Eocene  basins.  The  assemblage  of 
molluBCa  is  very  large,  most  of  the  genera  being  still  living,  though 
many  of  them  are  confined  to  the  warmer  seas  of  the  globe.  Character- 
istic forms  are  Beloat^ia,  Nanlilut,  Cancellarta,  Ftuut,  Pieudoliva,  OUva, 
Valuta,  Contu,  Mtlra,  Ceriihium,  Melania,  Tvrrilella,  Boslellaria,  Plearofoma, 
Cypraea,  Nalica,  Scajaria,  Ccyrbula,  Gyrena,  Cytherea,  Chama,  luctna.  Fish 
remains  are  not  infrequent  in  some  of  the  clays,  chiefly  as  scattered 
teeth  (Fig.  407).  Some  of  the  more  common  genera  are  Lamna,  Olodtu, 
MyliobaUs,  Prietit,  PkyUodtu,  Aelobatea.  The  Eocene  reptiles  present  a 
singular  contrast  to  those  of  MeaoKoic  time.     Thoy  consist  largely  of 

'  EtttngshauBen,  Proc.  Hou.  Soe.  nix.  (1879)  p.  388. 

'J.  8.  Oardner,  "Britiih  Eocene  Flon,"  FaUeoatograph.  Soe.  1870;  L.  Cric, 
"  Becherobea  tur  la  'V4gitatiou  de  rOnest  de  la  Fmnoe  k  I'Epoque  TcrtUire,"  Ana. 
Seienix*  GAJ.  ii.  (1877) ;  Ettingihaiwen,  Proe.  Boy.  Soe,  MX.  (1880)  p.  228 ;  Comte  da 
SaporU. '  Le  Uonde  da  Flantea,'  1879,  p.  207. 
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tortoises  and  turtles,  with  crocodiles  and  soa-snokes.    An  interesting 
series  of  retnains  of  birds  has  been  obtained  from  the  EngliBh  Eocbne 


^ 


— Eo«ne  Lunllibniichi, 


beds.     These  include  ATgilhrnu  longipennis  (perhaps  rcprefientative  of, 
but  lai^r  than,  the  modem  albatross),  Doiomis  hndinentia  (somewhtt 


clRiU,  So*.  (1);  t,  Roalrllul*  dMnrelU.  Dttb.  (jj;  /,  CunimJeptrdltiiB,  Bn«  ()). 

akin  to   the  extinct  Dinoraia  of  New  Zealand),  Halcyomu  kHiafieu, 
ZHhomh  vttlluriam,  ISacrornU  lanaujmt,  Odontopteryx  (oUapiau  (e.  toothed, 
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fish-eating  bird  with  affinities  to  the  pteroeanrians).  From  the  upper 
Eocene  beds  of  the  Paris  basin  ten  species  of  birds  have  been  obtained, 
including  forms  allied  to  the  buzzard,  woodcock,  quail,  pelican,  ibis, 
flamingo,  and  African  hombill.^  But  the  most  notable  feature  in  the 
p€da3ontology  of  the  period  is  the  advent  of  some  of  the  numerous  mam- 
malian forms  for  which  Tertiary  time  was  so  distinguished.  In  the 
lower  Eocene  period  appeared  the  Arctocyon  and  PcdseonictiSj  two  animals 
with  marsupial  affinities,  the  former  with  bear-like  teeth,  the  latter  with 
teeth  like  those  of  the  Tasmanian  dasyure ;  also  the  tapir-like  Corypho- 
don  ;  the  small  hog-like  Hyrticoiheriumj  with  canine  teeth  like  those  of  the 
peccary,  and  a  form  intermediate  between  that  of  the  hog  and  the  hjrax ; 
and  the  allied  genus  Pliolophus,  Middle  Eocene  time  was  distinguished 
by  the  advent  of  a  group  of  remarkable  tapir-like  animals  (Pateeothe- 
rtum,  PcUaplotheriumf  Lophiodony  Pachynolophvs) ;  true  carnivores  (Pterodon 
and  Proviverra) ;  forms  allied  to  hogs  and  carnivores  (JReterohyuSy  &c.)  ; 
and  the  lemuroid  CcBnopithecuSf  the  earliest  representative  of  the  tribe  of 


Pig.  407.— Eocene  Fishes. 
d,  Lamna  cleg&ns,  tooth  of,  Ag.  (|) ;  (^  Otodos  obllquus,  tooth  of,  Ag.  (]). 

monkeys.  With  the  upper  Eocene  period,  besides  the  abundant  older 
tapir-like  forms,  there  came  others  (Anchitheriurn)^  which  presented 
characters  intermediate  between  those  of  the  tapiroid  Paleeotheres  and 
the  true  Equid89.  They  were  about  the  size  of  small  ponies,  had 
three  toes  on  each  foot,  and  are  regarded  as  ancestors  of  the  horse* 
Numerous  hog-like  animals  (MicrochseruSy  BiplopuSy  Hyopotamwi)  mingled 
with  herds  of  ancestral  hornless  forms  of  deer  and  antelopes  (JDichohunCy 
Dichodon,  Amphitragulus),  Opossums  abounded.  Among  the  carnivores 
were  animals  resembling  wolves  (Cyrwdon),  foxes  (Amphicyon)^  and  wolve- 
rines (Tylodon)y  but  all  possessing  marsupial  affinities.  There  appear  to 
have  been  also  representatives  of  our  hedgehogs,  squirrels,  and  bats.* 

It   is  from   the  thick  Eocene  lacustrine  formations  of  the  western 
Territories  of  the  United  States  that  the  most  important  additions  to  our 

>  Owen,  Q.  J.  Geol  8oe.  1856,  1873, 1878,  1880 ;  Boyd  Dawkins,  *  Eitrly  Man  in 
Britain,'  p.  33;  Milne  £d  wards, '  Oiseauz  Fossiles,'  ii.  543. 

*  Gandry,  *  Lea  Encbainements  da  Monde  Animal/  P-  4 ;  Boyd  Dawkins, '  Early  Man 
in  Britain,'  chap.  iL 
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knowledge  of  the  aaimaU  of  early  Tertiary  time  have  recently  been 
made,  thaoks  to  the  admirable  and  untiring  labours,  first  of  Leidy,  and 
HubBe<iuently  of  Hanih  at  Newhaven,  and  Cope  at  Philadelphia.    The 


herbivorous  ungulata  appear  to  have  formed  a  chief  element  in  that 
westem  fauna.  They  included  some  of  the  oldest  known  anceetors  of  the 
horse,  with  fonr-toed  feet,  and  even  in  one  form  (£ofttfipi»)  with  mdi- 
ments  of  a  fifth  toe ;  alao  various  hc^-like  animals  (£o&yu«,  ParaAyiw). 


Fig.  40B.-Ueln««i 


M«.h  (A). 


Some  of  the  most  peculiar  forms  were  those  of  the  type  termed  Tillodont 
by  Marsh,  armed  with  a  pair  of  long  incisors ;  and  the  Deinocerata — an 
estraordinaiy  gronp  posaessiiig,  according  to  Marsh,  the  size  of  elephants, 
with  the  habits  of  rhinoceroses,  but  bearing  a  pair  of  long  hom-Uke 
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prominonces  on  the  snout,  another  pair  on  the  forehead,  and  a  single  one 
on  each  cheek  (Fig.  409^).  With  these  animals  there  coexisted  large  and 
small  carnivores  and  some  lomnroid  monkeys. 

§   2.   Local  Development. 

Great  Britain.'— Entirelj^  coufiued  to  the  south-eastern  part  of  England,*  the 
British  Eocene  strata  occupy  two  synclinal  depressions  in  the  Chalk,  which,  owing  to 
denudation,  have  become  detached  into  the  two  well-defined  basins  of  Loudon  and 
Hampshire.    They  have  been  arranged  as  in  the  subjoined  table :  — 

Hampshire,  London. 

g;>Barton  Cltty.  Upper  Bagshot  sands. 


4> 


Bracklesham  beds,  and  leaf  beds  of       Middle  Bngshot  bedsj  part  of  Lower  tkig* 
Bournemouth  and  Alum  Bay.  shot  sahdsi 

Part  of  Lower  Bagshot  saucUi 

i  \UxAon  Clay  (Bognor  beds).  ^J"^^"^  ^^''^' 

%    Woolwich  and  Reading  beds.  ^^"^^^l  ^^f'      ,.      ,    . 

^  I  "  Woolwich  and  Keadmg  beds. 

/  Thanet  beds. 

Lncer  Eocenc^^Tho  T  h  a  tt  c  t  Beds*  at  the  base  of  tho  London  basin  consist  of 
|xilc  yellow  and  greenish  sand,  sometimes  clayey,  and  containing  at  tlicir  bottom  a  thin, 
but  remarkably  constant,  layer  of  green-coated  Hints  resting  directly  on  the  Chalk. 
According  to  Mr.  Whitaker,  it  is  doubtful  if  proof  of  actual  erosion  of  tho  Chidk  can 
anywhere  bo  seen  under  the  Tertiary  deposits  in  England,  and  he  states  that  the 
Thanet  Bunds  everywhere  lie  upon  an  even  surface  of  Chalk  with  no  visible  unconform- 
ability.'  Professor  Phillips,  on  the  other  hand,  describes  tho  Chalk  at  Heading  qb 
having  been  "  literally  ground  down  to  a  plane  or  undulated  surface,  as  it  is  this  day  on 
some  parts  of  the  Yorkshire  coast,"  and  having  likewise  been  abundantly  bored  by 
lithodomous  shells.*  The  Thanet  Sands  appear  to  have  been  formed  only  in  the  London 
basin ;  at  least  they  have  not  been  recognised  at  the  base  of  the  Eocene  series  in  Hamp- 
shire. Their  fossils  comprise  about  70  known  species  (all  marine  except  a  few  frag^ 
mentfi  of  terrestrial  vegetation).  Among  them  are  several  foramlnifera,  numerous 
lamellibranchs  {Astarte  tenera,  Cyprina  planata,  Ostrea  bellovdcina,  CucuUxa  decusmtd 
(crassatina),  Pholadomya  cuneata,  P.  Konincliii,  Corhula  regulbiensis,  &c.),  a  few  species 
of  gastcropods  {Naiica  suhdepreasay  Aporrhais  Sowerbiij  &c«),  a  nautilus,  and  the  teeth, 
scales,  and  bones  of  fishes  (Lamiia,  Pisodus), 

The  Woolwich  and  Reading  Beds,^  or  "Plastic  Clay"  of  tho  older geolo- 


*  This  restoration  has  been  kindly  supplied  by  Prof.  Marsh,  whose  Monograph  oil 
tho  Deinocerata  has  appeared  as  this  sheet  is  passing  through  the  press. 

*  See  Conybeare  and  Phillips,  *  Geology  of  England  and  Wales ' ;  Prestwich,  Q.  J. 
QeoL  Soo.  vols.  iii.  vi.  viii.  x.  xi.  xiii. ;  Edward  For&s,  "  Tertiary  Fluvio-marine  Forma- 
tion of  tho  Isle  of  Wight,"  Mem,  Ged,  Surv,  1856 ;  H.  W.  Bristow.  "  Geology  of  the  Isle 
of  Wight,"  Mem,  Geol,  Surv.  18G2 ;  Whitaker,  "  Geology  of  London  Basin,"  Mem. 
Q&A,  Surv,  vol.  iv.  (1872)  ;  PhUlips,  *  Geology  of  Oxford  and  the  Thames  Valley,'  1871. 
Mr.  J.  S.  Gardner  (Geol,  Mag,  1882,  p.  446)  suggests  a  revision  of  the  classification  of 
the  English  Eocene  deposits. 

*  Blr.  J.  S.  Gardner,  however,  proposes  to  class  as  Eocene  the  plant-bearing  beds  of 
Bovcy,' Antrim,  &c.,  described  at  p.  8G2  under  the  Oligoceno  subdivision. 

*  Prestwich,  Q.  /.  Geol.  Soc,  viii.  (1852),  p.  237. 

*  **  Geology  of  London,"  Mem.  Geol,  Surv.  iv.  p.  57. 
"  *  Geology  of  Oxford,'  p.  442. 

*  Prestwich,  Q,  J,  Ged.  Soc,  x.  p.  75;  Whitaker,  *  Geology  of  London  Basin,'  p.  08. 
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gibts,  consist  of  lenticular  sheets  of  plastic  clay,  loam,  sand,  and  pebble-beds,  so  variable 
in  character  and  thickness  over  the  Tertiary  districts  that  their  homotaxial  relations 
would  not  at  first  be  suspected.  One  type,  presenting  nnfossiliferous  lenticular,  mottled, 
bright-coloured  clays,  with  sands,  sometimes  gravels,  and  even  sandstones  and  conglo- 
merates, occurs  throughout  the  Hampshire  basin  and  in  the  northern  and  western  part 
of  tlio  London  basin.  A  second  type,  found  in  West  Kent,  Surrey,  &c,  consists  of  light- 
coloured  sands  and  grey  clays,  crowded  with  estuarine  shells.  A  third  typo,  seen  in 
Bust  Kent,  is  composed  only  of  sands  containing  marine  fossils.  These  diffeienoes  in 
lithological  and  pnljcontological  characters  serve  to  indicate  the  gcograpliical  features  of 
the  south-east  of  England  at  the  time  of  deposit,  showing  in  particular  that  the  sea  of 
the  Thanet  beds  had  gradually  shallowed,  and  that  an  estuary  now  partly  extended  over 
its  site.  The  organic  remains  as  yet  obtained  from  this  group  amount  to  more  than 
100  Hjiecics.  They  include  a  few  plants  of  terrestrial  growth,  such  as  Fieus  Fothai, 
GreviUea  Jleeriy  and  Laurus  Hooheri — a  flora  which,  containing  some  apparently 
persistent  tyi)es,  has  a  temperate  facies.*  The  lamellibranchs  are  partly  estuaiiou 
or  fresh-water,  partly  marine;  characteristic  six'ciea  being  Cyrena  cuneifonnis  and 
C.  UUmella.  Odrea  hellovacina  forms  a  thick  oystcr-betl  at  the  base  of  the  series 
Ostrea  teiiera  is  likewise  abundant.  The  gasterojwds  include  a  similar  mixture  of 
marine  with  fluviatilc  species  (Cerilhium  funatum  (variabile),  Melania  inquinata^  Melan- 
opsin  hticciuoiileSt  Neritina  glohuluSf  Natica  suh(lepre8«af  Fusus  hxtus^  Paludina  laUa, 
rUharella  JRickmanni,  &c.).  The  fisli  are  chiefly  sharks  {Lamna),  Bones  of  turtles, 
scutes  of  crocodiles,  and  traces  of  birds  have  been  found.  The  highest  organisms  arc 
bones  of  mammalia,  including  the  Coryphodon. 

The  OldhavenBodsj'at  the  base  of  the  London  Clay,  consist  in  W.  Kent,  almost 
wholly  of  rolled  flint-pebbles  in  a  sandy  base,  which,  as  Mr.  Whitaker  suggests,  may 
have  accumulated  as  a  bank  at  some  little  distance  from  shore.  Though  of  trifling 
tJiickness  (20  to  40  feet),  they  have  yielded  upwards  of  150  species  of  fossils.  Traces  of 
Ftcusj  Cinnnmomum,  and  Coniferas  have  boon  obtained  from  them,  indicating  perhaps  a 
more  subtropical  character  than  the  flora  of  the  beds  below,  but  without  the  AuittraJiaa 
and  American  types  which  appear  in  so  marked  a  manner  in  the  later  Eocene  floras.' 
The  organisms,  however,  arc  chiefly  marine  and  partly  estuarine  shells,  the  gasteiopods 
being  particularly  abundant. 

The  London  Clay*  is  a  deposit  of  stiff  brown  and  bluish-grey  clay,  with  layers 
of  scptarian  nodules  of  argillaceous  limestone.  Its  bottom  beds,  commonly  consisting 
of  green  and  yellow  sands,  and  rounded  flint-pebbles,  sometimes  bound  by  a  ealoareoos 
cement  into  hard  tabular  masses,  form  in  the  London  basin  a  well-marked  horizon. 
TJie  TiOndon  Clay  is  typically  developed  in  that  basin,  attaining  its  maximum  thicknesi 
(500  feet)  in  the  south  of  Essex.  Its  representative  in  the  Hampshire  basin  is  known 
as  the  "  Bognor  Beds,"  but  these  strata  differ  somewhat,  both  lithologically  and  palieon- 
tologically,  from  the  typical  development.  The  Tendon  Clay  has  yielded  a  long  and 
varied  suite  of  organic  remains,  that  point  to  its  having  been  laid  down  in  the  sea 
beyond  the  mouth  of  a  large  estuary,  into  which  abundant  relics  of  the  vegetation,  and 
even  sometimes  of  the  fauna,  of  the  adjacent  land  were  swept.  According  to  Prof.  T. 
Rupert  Jones,  the  depth  of  the  sea,  as  indicated  by  the  foraminifera  of  the  deposit,  may 
have  been  about  600  feet.  Professor  Prestwich  has  pointed  out  that  there  are  traces  of 
the  existence  of  pala}ontological  zones  in  the  clay,  the  lowest  zone  indicating,  in  the 
east  of  the  area  of  deposit,  a  maximum  depth  of  water,  while  a  progressive  shallowing 
is  shown  by  three  higher  zones,  the  uppermost  of  which  contains  the  greater  part  of  the 
terrestrial  vegetation,  and  also  most  of  the  fish  and  reptilian  remains.    The  fossils  aw 

'  J.  S.  Gardner,  "British  Eocene  Flora,"  Valxoutog.  Soc.  p.  29. 

'  Whitaker,  Q.  J.  Geol.  Soc.  xxii.  (1866),  p.  412;  • 'Geology  of  London  Basin.'  d.  239. 

»  J.  S.  Gardner,  on.  cii.  pp.  2,  10.  ^ 

\  Prestwich,  Q.  J.  Geol.  Soc.  vi.  p.  255 ;  x:  p;  435:  Whitaker, « G^eolo^y  of  Londoo 
Basin,*  p.  273.  ^' 
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mainly  marine  mollnsca,  which,  taken  in  connection  with  the  flora,  indicate  that  the 
climate  was  somewhat  tropical  in  character.  The  plants  inclnde  the  frnits,  seeds,  or  leaves 
of  the  following,  among  other  genera,  the  fossils  having  been  mostly  obtained  from  the 
Isle  of  Sheppey:  Sequoia,  Pintu,  CaXlitris^  Saluhuria;  Musa,  Nipa,  Sabal,  Chammropa; 
Quercus,  Liquidambarj  PetrophUoides,  Laurus,  Nyssa,  DiospyroSf  Symploeoi,  Magnolia^ 
Victoria^  HiglUea,  Sapindtu,  Cupania,  Eugenia,  Eucalyptus,  Amygdalm.^      Crustacea 
abound  {XanOutptU,  Hopioparia),      Gasteropods    arc   the  prevalent  moUusks,  the 
common  genera  being  Pleurotoma  (45  species),  Fustie  (15  species),  Cypr/ea,  Murex, 
Caseidaria,  Pyrtda,  and  Voluia,    The  cephalopods  are  represented  by  6  or  more  species 
of  Nautilus,  by  Behsepia  sepiaidea,  and  Beloptera  Leveequei,    Nearly  100  species  of 
fishes  occur  in  this  formation,  the  rays  {Myliobaies,  14  species)  and  sharks  {Lamna 
Otodus,  &c.)  being  specially  numerous.  A  sword-fish  {Tetrapterus  priscus),  and  a  saw-fish 
iPristis  bisulcaius)  about  10  feet  long,  have  been  described  by  Agassiz  from  the  London 
Clay  of  Sheppey,  whence  almost  the  whole  of  the  fish  remains  have  been  obtained.  The 
reptiles  were  numerous,  but  markedly  unlike,  as  a  wliolc,  to  those  of  Secondary  times. 
Among  them  are  numerous  turtles  and  tortoises  {Chelone,  10  species,  Trionyx,  1  species, 
Platemys,  6  species),  two  species  of  crocodile,  and  a  sea-snake  {Palseophis  toliapicus), 
estimated  to  have  equalled  in  size  a  living  Boa  coiutrictor,    Bemains  of  birds  have  also 
been  met  with  {Liihornis  vuUurinus,  HaJcyomis  toliapicus,  Dasomis  londtnensis,  Odoii' 
topUryx  toliapicas,  ArgiUornis  Jongipennis),     The  mammals  numbered  among  their 
species  a  hog  (^HyracoUierium),  several  tapirs  (Coryphodon,  &c.),Rn  opossum  (2}t(2eZp7i^ir), 
and  a  bat.    The  carcases  of  these  animals  must  have  been  borne  seawards  by  the  great 
river  which  transported  so  much  of  the  vegetation  of  the  neighbouring  land. 

Middle  Eocene,-~lu  the  London  basin  this  division  consists  chiefly  of  sands,  which 
are  comprised  in  the  two  sub-stages  of  the  lower  and  middle  "  Bagshot  Beds/'  The 
lower  of  these,  consisting  of  yellow  siliceous,  unfoasilifcrous  sands,  with  irregular  light 
clayey  beds,  attains  a  thickness  of  about  100  to  150  feet.  The  second  sub-stage,  or 
*' Middle  Bagdhot  Beds,"  is  made  up  of  sands  and  clays,  sometimes  50  or  60  feet  thick, 
containing  few  organic  remains,  among  which  are  bones  of  turtles  and  sharks,  with  a 
few  moUusks  (Cardiia  acuticostata,  C,  elegans,  C.  planicosta,  C,  imbrieata,  Corhula 
gallica,  C,  striata,  Ostrea  flabeUula),  In  the  Hampshire  basin,  the  Lower  Bagshot 
beds  attain  a  much  greater  development,  being  not  less  than  660  feet  thick  in  the  Isle 
of  Wight,  where  they  consist  of  varionsly-colourcd  unfossiliferous  sands  and  clays,  with 
minor  beds  of  ironstone  and  plant-ljearing  clays,  pointing  to  an  alternation  of  marine  and 
estuarinc  conditions  of  deposit.  On  the  mainland  at  Studland,  Poole,  and  Bournemouth, 
the  same  beds  appear.  The  Middle  Bagshot  beds  are  represented  in  the  Hampshire 
basin  by  an  important  series  of  clays,  marls,  sands,  and  lignites,  upwards  of  100  feet 
thick,  known  as  the  Bracklesham  beds,  from  their  occurrence  at  Bracklcsbam,  on  the 
coast  of  Sussex.  From  these  strata  a  large  series  of  marine  organisms  has  been 
obtained,  among  which  are  Belosepia  sepioidea,  B.  Cuvieri,  Cyprma  inflata,  C,  tubercu" 
losa,  Marginella  ehumea,  AT.  ovulata,  Voluta  crenulata,  V.  spinosa,  F.  angusta,  V.  Bran' 
deri,  V,  cythara,  F.  murtcina,  Miira  lahratula,  Conus  deperditus,  C.  Lamarckii,  Pleurotoma 
dentata,  P.  textiliosa,  Murex  asper,  Fusus  longxvus,  Turrttella  imbricata,  Ostrea  dorsata, 
O.fldbeUula,  0.  longirostris,  Pecten  corneus,  P.  squamula,  lAma  expansa,  Spondylus  rari- 
spina,  Avicnla  media.  Pinna  margaritacea,  Modiola  Dcshayesii,  Area  hiangtUa(Branderi), 
A.  interrupta,  A.  planicosta,  Liniopsis  granulata,  Nticula  minor,  Tjcda  galeotiiana,  Cardita 
aeuticostata,  G.  elegans,  C.  imbricata,  C,  planicosta,  CrassateUa  grignonenis,  Chama  ealca* 
rata,  C.  gigas,  NummtUites  Itevigata,  N.  scabra,  Alveolina  fusiformis}  The  Bracklesham 
beds  reappear  to  a  small  extent,  as  greenish  clayey  sands,  in  the  London  basin, 
where  they  form  part  of  the  Middle  Bagshot  beds, 

*  Ettingshauscn  and  Gardner,  **  British  Eocene  Flora,''  Palxoniograph,  Sac,  p.  12 ; 
Ettingshausen,  Proc,  Boy,  Soc.  xxix;  a879). 

«  See  Dixon's  *  Geoloey  of  Sussex  ;  Edwards  and  S.  Wool,  "Monograph  of  Eooeno 
Mollusca,"  Palseoniograph.  Soc, 
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The  fossils  of  the  Middle  Eocene  diviBion  occur  chiefly  in  tho  clays.  An  abandant 
terrestrial  flora  has  been  disinterred  from  the  plant-beds  of  Alum  Bay  and  Bournemouth. 
From  tlie  former  locality,  according  to  Ettingshausen's  recent  census,  no  fewer  than  116 
geneva  and  274  species  belonging  to  G3  families  have  been  obtained.  The  goncrsl 
sul>-tropical  aspect  of  the  flora  is  indicated  by  the  numbers  of  species  of  Fieu$,  and  bj 
the  Artocarpeo),  Cinchouacea),  Sapotaceos,  Ebeuaccae,  Biittneriaceie,  Bomfaacea^  Sapin- 
daceio,  Malpighiacca;,  &c.  Many  of  the  dicotyledons  belong  to  species  clsowhcro  found 
in  wliat  have  been  considcreil  to  be  Miocene  deposits.  More  than  fifty  species  of  the 
Alum  Bay  flora  are  found  also  in  those  of  Sotzka  and  Hiiring  (p.  856),  while  a  lesser 
lunnbor  occur  in  those  of  Sezanne  (p.  853)  and  the  Lignitic  scries  of  Western  America.' 
Tho  Bournemouth  beds  are  believed  to  lie  rather  higher  in  the  series  than  thoco  of 
Alum  Bay.  None  of  tho  prevailing  types  of  plants  are  found  in  them  that  occur  in  the 
latter  locality,  but  this  may  no  doubt  be  due  to  local  accidents  of  deposition.  The  Boome- 
moutli  flora  is  likewise  an  abundant  one,  and  suggests  a  comparison  of  its  climate  and 
forests  witli  tlioso  of  Australia  and  tropical  America.^  Crocodiles  still  haunted  the 
waters,  for  their  lx)nes  arc  mingled  with  those  of  sea-snakes  and  turtles,  and  with 
tupiroid  and  other  older  Tertiary  types  of  terrestrial  creatures.  The  occurrence  of  the 
foraminiferal  genus  Xummulites  is  noteworthy.  Though  not  common  in  England,  it 
abounds,  as  already  stated,  in  the  Eocene  deposits  of  Central  and  Eastern  Europe 

VjU^^r  Eocene, — The  highest  division  of  the  Eocene  strata  of  England,  according  to  the 
eliissification  here  followed,  includes  tlio  uppermost  jiart  of  the  Hampshire  series,  which 
liiis  long  been  known  as  the  •*  Barton  Clay,'*  with,  perhaps,  the  Upper  Bag8lK>t  sand  of 
the  London  basin.  The  Barton  clay  does  not  occur  hi  that  basin,  but  forms  an  impor- 
tant feature  in  that  of  Hampshire,  where,  on  tho  cliffs  of  Hordwell,  Barton,  and  in  the 
Isle  of  Wight,  it  attains  a  thickness  of  300  feet.  It  consists  of  grey,  greenish, and  brown 
clays,  with  bands  of  sand,  and  has  long  been  well  known  for  the  abundance  and 
excellent  preservation  of  its  fossils,  chiefly  mollusks,  of  which  more  than  200  species 
Ijavc  been  collected,  but  including  also  fishes  (Lamnoy  Myliobaie*)  and  a  crocodile. 
The  following  list  includes  some  of  the  more  imjwrtant  species  for  purposes  of  compa- 
rison with  equivalent  foreign  deposits :  Valuta  luctatrixy  F.  amhigva,  F,  athJetOy  Conns 
acabriculm,  C.  domiitor,  Pleurototna  rostraia  (and  numerous  other  species),  Futm 
longxvus,  F.  2>yrii8,  Ostrea  tjtgantea,  Vulsella  deperditaj  Pecten  reeondihis,  Lima  eomfta, 
L,  soror,  AviaUa  mediae  Modiola  seminudaf  M,  sulcata,  3f.  tcnuislriataf  Area  appen^ 
dicuhitaj  Pectunculus  deletus,  Cardita  Davidsoni,  C,  sulcata,  Crassatella  sulcata,  Chama 
squamomy  NummuUtes  planulaiaj  N,  variolaria, 

Northern  France  and  Belgium.' — The  anticline  of  the  Weald  which  separates 
tho  basins  of  London  and  Hampshire  is  prolonged  into  the  Continent,  where  it  divides 
the  Tertiary  arena  of  Belgium  from  those  of  Northern  France.  There  is  so  modi 
gcnonil  Hunilarity  among  the  older  Tertiary  deposits  of  tho  whole  area  traversed  by  this 
fold  as  to  indicate  a  probable  original  relation  as  parts  of  ono  great  tract  of  sedimen- 
tation. Local  differences,  such  as  the  replac4?ment  of  fresh-water  beds  in  one  region  by 
marine  beds  in  another,  together  with  occasional  gaps  in  the  record,  show  us  some  of  the 
geographical  conditions  and  oscillations  during  the  time  of  deposition. 

Lower  Kocene.^Iii  the  Paris  basin,  the  8ables  do  Braeheux  form  an  excellent 
liorizon,  which  corresponds  to  the  Thanet  sand  of  England  and  Dumonfs  **  Systemc 
Landenien  *'  in  Belgium.  Below  this  horizon,  there  occurs  in  the  fYanco-Belgian  region 
a  lower  series  of  deposits  than  is  found  in  England.*    In  the  Paris  basin,  these  strata 

^  Ettingshausen,  rroc.  Roy,  8oc.  1880.  p.  228.  See  H.  W.  Bristow,  "  Geology  of  Isle 
of  Wight "  in  Meni,  Otol.  Surv. ;  J.  S,  Gardner,  GeoL  Mag,  1877,  p.  129 ;  Nature^  voL 
xxi.  (1879)  181,  and  the  Monograph  on  Eocene  Flora  already  cited. 

-  J.  S.  Gardner,  Q.  J.  Geol,  Soc,  xxxv.  (1879)  p.  209  ;  xxxviii.  (1882)  p.  1. 

^  For  a  comparison  of  the  Lower  Eocene  groups  of  Paris,  Belgium  and  Enghmd,  see 
llebtTt,  Bull.  Soc.  GeoL  Franca  (3)  ii.  p.  27.  l»restwich  {Rrit  Assoc.  1882,  p.  538X  re- 
gards the  h>iible8  do  Braeheux  as  representing  only  the  lower  part  of  tho  Woolwich  bod& 

'  llcljert,  Ann,  Sciences  GeoL  iv.  (1873),  Art.  iv.  p.  14. 
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preaent  Tariable  and  local  ohantcters.  They  include  the  Marnes  dc  Meudon,  remarkable  for 
containing  20  per  cent,  of  carbonate  of  strontia ;  and  the  limestones  of  Billy  and  Suzanne 
— a  form  of  travertine  from  which  fresh-water  shells  and  a  rich  assemblage  of  plants 
haye  been  obtained  {Charay  Aeptenium,  Ahophylla,  JtiglaiiditeB,  SasgafraSf  Hederoy  ftc).^ 
To  the  north  of  Paris,  the  Marnes  de  Meadon  disappear,  and  their  place  is  taken  by  the 
Sables  de  Bracheux — greenish  glanoonitio  sands  with  a  basement-band  of  greenrcoated 
flints  resting  generally  directly  on  the  Chalk.  This  sandy  member  of  the  series, 
traceable  as  a  definite  platform  through  the  Anglo-French  and  Belgian  area,  contains 
among  its  characteristic  iomiA  PhoUidomya  cuneata^  P,  Koninckiiy.Cyprina  Morrini^ 
CueuUssa  enusatina,  Peeten  breviaurUui,  Paammabia  Edwardtii,  Otirefl  heUovcuiina,  Cor- 
hula  regulbiensis,  TurrUeUa  heUovadwi^  Naetiea  deshayenanay  Voluta  deprewa.  Higher 
in  the  series  comes  the  *'  Argilo  plastique"  of  the  Paris  basin,  with  the  associated  lignites 
of  the  Saiasonnais.  The  moUoscan  fauna  of  these  strata  resembles  that  of  the  Woolwich 
and  Beading  beds.  But  a  break  seems  to  occur  in  the  series  at  this  point;  for  in  the 
Paris  basin  no  representative  of  the  London  Clay  is  found.  The  lignites  of  the  Soisson^ 
nais  are  covered  by  sands  (Sables  de  Ouise  or  du  Boissonnais)  containing,  among  other 
abundant  marine  organisms,  Nummulites  planulataj  Turritella  edita^  T.  hybridan 
CratacdeUa  propinqua,  Lucina  squamttla ;  they  are  regarded  as  the  equivalent  of  the 
lower  part  of  the  English  Bagshot  Sand,  and  form  the  highest  member  of  the  Lower 
Eocene  stages  of  the  Paris  basin. 

In  the  Belgian  area,  some  differences  are  presented  in  the  succession  of  sediments. 
The  strata  of  that  district  have  been  grouped  by  Dumont  into  a  series  of  **  systeraes." 
The  most  ancient  Tertiary  deposit  of  the  west  of  Europe  appears  to  be  the  limestone  of 
Mens  (Systtoc  Montien).  This  rock  lies  in  a  denuded  hollow  of  the  Chalk,  and  has 
been  found  by  boring  to  be  more  than  300  feet  thick.  It  consists  of  friable  and  compact 
limestone,  charged  with  a  remarkable  series  of  organic  remains.  Upwards  of  400  species 
of  fossils  have  been  obtained  from  it,  including  marine,  fresh-water,  and  terrestrial 
shells.  Among  them  are  about  200  species  of  gasteropods,  about  125  lamellibranchs, 
and  fifty  polyzoa,  besides  numerous  foraminifers  (Quinqueloculina),  and  calcareous 
algie  {Dactyloporay  Aoiculariaf  &c.).  Two  conspicuous  features  in  this  deposit  are  tlie 
extraordinary  proportion  of  its  new  and  peculiar  species,  and  the  resemblance  of  its 
fauna,  especially  its  numerous  Cerithiums  and  Turritellas,  to  that  of  the  middle  Eocene 
beds  of  Belgium  and  the  Paris  basin  rather  than  to  that  of  the  lower  Eocene.  The 
Mens  limestone  has  thus  been  cited  as  an  illustration  of  Barrande's  doctrine  of 
colonies.' 

Above  this  deposit  comes  the  **  Systcmo  Heersien,"  so  named  from  its  development 
at  Ileers,  in  Limbourg.  With  a  total  depth  of  about  100  feet,  it  consists  of  (1)  a 
lower  division  of  sandy  beds,  with  Cyprina  planata,  C.  Morriaiij  Modiola  elegansy  and 
other  marine  shells,  some  of  which  occur  in  the  Thanet  Sand  of  England  and  the 
Sables  de  Bracheux;  and  (2)  an  upper  division  of  marls,  containing,  besides  some  of  the 
marine  shells  found  in  the  lower  division,  numerous  remains  of  a  terrestrial  vegetation 
(^Osmunda  eocenica,  Chamaicyparis  helgica,  Poacit€$  latmimw,  and  species  of  Quercm, 
SaliZj  CHnnamomum,  Laurus,  Viburnum^  Hedera,  Aralia,  &c.).* 

The  "Systcme  Landenien,"  corresponding  to  the  Thanet  and  Woolwich  and 
Beading  beds  of  England  and  the  Sables  dc  Bracheux,  Argile  plastique,  and  Lignites 
da  Soissonnais  of  France,  is  divisible  into  two  stages;  Ist,  Lower  marine  gravels, 
conglomerates,  sandstones,  marls,  &c.,  >vith  badly  preserved  fossils,  among  which  arc 
Turritella  hellovacina,  CueuUxa  deousmta  {cra8S(Uina)y  Cfirdium  Edwardsi,  Cyprina 
plamta,  Corhtda  regulhiensis,  PhoUidomya  Koninelni:  2ncl,  Upper  flu vio-mariue  sands, 

»  Saporta,  Mem.  Soc.  Giol.  France  (2)  viii. ;  *  Lo  Monde  des  Plantes,*  p.  212  ct  scq. 

'  Bnart  and  Cornet,  3/ein.  Couronn.  Acad,  Jtoy.  Belq.  xxxvi.  (1870);  xxxvii.  (1873); 
xliii.  (1880).  Mourlon,  *  Gcol.  Bclg.*  1880,  p.  192.  H jbcrt  {Ann.  Sciences  Gtol  iv.  1873, 
p.  15)  has  noticed  an  affinity  to  the  uppermost  Cretaceous  fauna  of  Paris. 

'  De  Saporta  and  Marion,  Mem.  Cowr,  Acad,  Selg,  xli.  (1878). 
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sandstones,  marls,  and  lignites  containing  Melania  inquiiiatei^  MelanoptU  huodnfAdn, 
Cerithium  funatum^  Ostrea  beUovacinOy  Cyrena  cuneiformis,  with  leaves  and  stems  of 
terrestrial  plants. 

The  "  Systeme  Ypresien "  consists  of  a  great  series  of  clays  and  sands  answering 
generally  to  the  London  Clay,  bnt  not  represented  in  France.  It  is  divided  into  two 
stages :  1st,  Lower  stiff  grey  or  brown  clay,  sometimes  becoming  sandy,  and  probably 
an  eastward  extension  of  the  London  Clay.  The  break  between  this  deposit  and  flie 
top  of  the  Landenian  beds  below  is  regarded  as  filled  up  by  the  Oldhaven  beds  of 
the  London  baisin.  The  only  recorded  fossils  are  foraminifera  agreeing  with  those  of 
the  London  Clay.  2nd,  Upper  sands  ¥nth  occasional  lenticular  interoalaiions  of  thin 
greyish-green  clays,  with  abundant  fossils,  the  most  frequent  of  which  are  ^imim«ljlef 
planulata  (forming  aggregated  masses),  TurnUlla  edita^  T,  hyhrida^  Vermeiua  hogm- 
renmy  Pecten  eomeus,  Peetuncidus  dec\iMatm^  Lmina  squamula^  Ditrupa  piama.  Out  of 
72  sjiecies  of  mollusks,  45  are  found  also  in  the  Babies  de  Cuise  and  20  in  the  London 
Clay.» 

The  "  Systdme  Paniselien,"  so  named  from  Mont  Panisol  near  Mons,  oonsists  chiefly 
of  sandy  deposits  not  markedly  fossiliferous,  but  containing  among  other  forms 
JlosteUaria  fiuureUa^  Voluta  flevatUy  TurriUUa  Vixoni^  Cytherea  ambigua,  LwiiM 
squamula.  Out  of  129  species  of  mollusca  found  in  this  deposit,  91  appear  in  the 
Sables  de  Cuise,  and  only  36  pass  up  into  the  Calcaire  Grossier.  Henoe  the  Paniselian 
beds  are  placed  at  the  top  of  the  Lower  Eocene  stages  of  Belgium. 

Middle  Eocene.— This  division  in  the  Paris  basin  is  formed  by  the  characteristic, 
prodigiously  fossiliferous  Calcaire  Grossier,  which  is  subdivided  as  under : ' — 

Upper        8ub-^ 

4.  Limestone  with  Cardium  obliquum  and  Cerithium  JSlainriilL 
3.  Limestone  with  Cerithium  denticulatum  and  C  cristatwn. 
*2.  Siliceous  limestone  with  undetermined  forms  of  Potamides, 
1.  Coral  limestone  (^Stylocsenid). 
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group     with 
Cardium  ohii- 
quum  and  Ce- 
rithium   den- 
tioulatum. 
Middle      sub-M.  Siliceous  limestone  with  parting  of  laminated  marl, 
group     with  13.  Limestone  in  small  thin  boards  with  Corbula  (Rochetta). 
^  I  Lucina  snxo~l2.  Limestone  with  Miliola  and  LucitM  ^xorun  (Roche). 
2  I   rum  and  jrt-ll.  Siliceous    limestone    with    indeterminate    fossils    ^B 
liohi.  \         francs). 

'4.  Limestone  (dolomitic)  with  Miiioia  (Cliquart). 
(Green  marl  .         .         •         .1 
Siliceous  limestone  in  two  beds  >  Blanc  vert. 
Green  marl   .         ,         .  . ) 

2.  Miliola  limestone  (dolomitic)  (Saint  Nom). 
J.  Siliceous  limestone  with  Potamides, 
5.  Limestone   with  Lucina  concent ricdt  Area  barbutnhi,  Cardium  aticulare, 

Miliola,  &c. 
4.  Limestone  with  Orbitolites,  I\tsus  huibiformisj  Volraria  btdloides^  Cirdium 
(jranulosum,  Area  qwidrilatera^  several  species  of  large  Flustra  or  Mem* 
hranipora. 

3.  Limestone  with  Fabularia  and  terrestrial  vegetation  {Orbitolitcs  comphnaUij 
C/utma  calcaratOy  Cardita  imbricata,  &c.). 

2.  Mass  of  Miliola  limestone  (Turritclla  imbricataria,  Chama  oalcarata,  Ludna 
mutabilis,  &c.). 

(1.  Limestone  with  Miliola  and  'ferebratnla  (T.  bisinuata), 
'5.  Glauconitic  calcaire  grossier  with  Cerithium  giganteum. 

4.  Glauconitic  calcareous  sand  with  Lenita  pdellaris, 

3.  Sandy  glauconitic  calcaire  grossier  with  Cardium  poruhsum, 
2.  Sandy  glauconitic  calcaire  grossier,  with  Xummuldes  lievigata,  N,  scnbra 

Ostrea  mnlticostata,  0,  flabellula,  Diirujya  plana,  * 

I.  Glauconitic  sand,  sometimes  calcareous  and  indurated,  with  pebbles  of 
green  quartz,  shark's  teeth,  and  rolled  fragments  of  coral. 


>  Mourlon, '  Geol.  Belg.'  p.  211. 

*  DoUfuas,  Bull.  Soc.  G^l  France.  3*  ser.  yL  (1878)  p.  2G9. 
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InBolgium  the  middle  Eocene  presents  a  different  aspect  from  that  of  Pariti, 
approximating  rather  to  the  English  Type.  It  consists  of  (1)  a  lower  set  of  sandy  beds 
grouped  under  the  name  of  "  Bruxellien,"  rich  in  fossils,  whicli,  however,  are  usually 
badly  preserved.  Among  the  forms  are  remains  of  terrestrial  vegetation  (AYpa 
Burtini)^  also  ParaeyathuB  crasiui,  Maretia  grignonenns,  Pyripora  contesta^  Ottrea 
cymbulay  Cardita  deeitsmtaj  Chamacaicarata,  Cardium  jxyndomm,  Cerithium  unisuJetUumj 
Naiica  laheUata,  Voluta  liiitsoia^  Ancillaria  huccinoides^  Fusus  longasvus,  nimierous  re> 
mains  of  fishes,  especially  of  the  genera  MyUobates,  Otodtu,  Lavma,  Gcdtocerdo,  and 
various  reptiles,  including  species  of  Trionyx  and  Cluione^  wiih  Emys  Camperi^  Gavi- 
alis  Dixcniy  and  PaUeophis  typh«u8 ;  (2)  a  group  of  sands  and  fbssiliferous  calcareous 
sandstones  ('^  Lackenien  "),  made  up  of  Ditrupa  Uranguiata  and  Nummulifes  (N,  /vrrt- 
gat€Lj  N,  acabra,  N,  JIeberU\  N,  variolarid),  and  abounding  in  Anomia  nuUUetigaia, 

Upper  Eoce^ie, — In  the  Paris  basin  tins  subdivision  consists  of  the  following 
stages: ' — 


to 

c 
to 

eg 


'Qypsam    with    nodales  of   silica  (menilite),  and    containing    marine   fossils 

{Cerithium  tricarinatum^  C.  pieurotomoides,  larritella  incerta). 
Yellow  inarU  with  Lucina  inonuita. 
Gypsum,  saccharoid  and  crystallized,  with  brown  marls. 
Yellow,  brown,  and   greenish  marls,   with   Pholadomya   ludensis,   Crassatella 
,  Desmarestiy  &c. 
Green    sands    of    Monceaux    {Ccnthium    Cordicri,    C.    tricarinatum,    Natica 

parisiensls). 
Limestones   of  Saint  Ouen — a  marly  fresh-water  rock   20  to  2G  feet  thick, 

composed  of  two  zones,  the  lower  full  of  Bythinia^  and  the  upper  abounding 

in  Lininxa, 
Sands  of  Mortefontaine  (^Aticula  Defrancei), 
Sands  and  sandstones  of  Beauchamp  {Cerithium  mutabiie,  C.  tuberculosum,  C, 

Boueif  Melania  hordacca^  M,  lactea,   Cyrena  deperdita,  PUtnorbis  nitidulus, 

Corbuia  gallicay  &€.)• 
Sands,  &c.,  with  Nummnlites  varidaria^    Ostrea  dorsata^   Cyrena   deperdita^ 
.    corals,  iMmna  eleganSf  Otodus  obliquus,  &c.  , 

Northwards  in  the  Belgian  area,  near  Brussels,  the  highest  Eocene  strata 
consist  of  sands  and  calcareous  sandstones  (**  Wemmelien "),  separated  from  the 
similar  Lackenian  beds  below  by  a  gravel  full  ofNummulites  rariolaria.  Other  common 
fossils  are  Turbinolia  sulcata,  Corbuia  pisum,  Cardita  sulcata^  Turrittlla  breviSf  Fusus 
Jong^'vus. 

Beceding  from  the  Paris  basin,  the  Eocene  deposits  assume  entirely  different 
diameters  as  they  are  traced  into  the  west,  centre,  and  south  of  France.  According  to 
Vasseur's  detailed  researches,  a  long  irregular  arm  of  the  sea  penetrated  Brittany  in 
Eocene  times  from  where  the  Loire  now  enters  the  Atlantic,  while  the  north-westeni 
part  of  Vendee  was  likewise  submerged.  In  these  waters  a  series  of  limestones  and 
sands  was  deposited,  which  from  their  fossil  contents  appear  to  be  the  equivalents  of 
the  Caloaire  Grossier.  They  pass  up  into  lacustrine  and  brackish-water  beds  like  the 
corresponding  groups  at  Paris.*  In  the  south  of  France,  the  Eocene  rocks  chiefly 
present  the  nummulitic  facies  to  be  immediately  referred  to,  and  in  some  places  attain 
a  great  development,  as  near  Biarritz,  where  they  are  more  than  3000  feet  thick. 

Southern  Etirope. — The  contrast  between  the  facies  of  the  Cretaceous  system  in 
north-western  and  in  southern  f^urope  is  repeated  with  even  greater  distinctness  in  the 
Eocene  series  of  deposits.  From  the  Pyrenees  eastwards,  through  the  Alps  and 
Apennines  into  Greece  and  the  southern  side  of  the  Blediterranean  basin,  through  the 
Carpathian  Mountains  and  the  Balkan  into  Asia  Minor,  and  thence  through  Persia  and 
the  heart  of  Asia  to  the  shores  of  China  and  Japan,  a  series  of  massive  limestones  has 
been  traced,  which,  from  the  abundance  of  their  chnnicteristic  foraminifera,  have  been 


'  See  Doll  fuss,  op.  cit. 

=  Ci.  Vasseur,  Ann.  Sci,  Geol  xiu.  (1881).     He^ert,  DtiU,  Sue.  Gtol.  Fratice  (3)  x, 
(1882)  p.  364. 
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ftDd  thej  hftTe  been  feUed 

Imcd  iKAfcd  up  into  loAy  

■Mfe  tbiii  l^fiflfK  9tA  afeoM  the  ml    MMk  ft*  IsartHHi  ii  MMMed  Om  a^ 

tuitM  knowB  ••  Hi 

gnd  Ffyicfay  •body  rkbcb  to  m 

fdtaabletoEcmwtims.*    OMcTlhe 

deporiti  it  tbe  oeeortBiee  ia 

€ff  eiift  M  the  iicigfaboaApoJ  ef  ^fiai,  »d  wwNwrf  rt  IMy 

ftiTMie.  peer  BMunn  mod  ia  iithf  f  plw^  hindaef  gMJJe^  garftt 

fin^ J  or  fin  giuu|N  in  the  IBofntt  Jralw,    ^Wee  tomfled  ■■*■•  wfpttat  to  hi 

petiogimphieel  irefiWenre,  not  to  nay  Alpine  wda  new  ^rihK  hni  to  th9. 

nKMceineoathernBohanto.  Their|n— umiii  totodjeeto  thneactotoBnedreMM 
in  the  middle  of  Eorope  itariqg  eone  pert  ef  the  Eoeene  e^a.*  Awither  liiluiMHwg 
EoDcne  depoeit  of  the  Alpine  ngkm  k  tiie  eoel-heerins  gnmp  ef  Hiiing,  in  fto 
Northern  Tjiolt  where  e  aim  ofeodoeenB  whM^  with  itepntiqgi^  etIrfM  n  tiUdteea 
ofaSSfi%t. 

The  Kunmnlitle  eeiiee  hee  been  divided  into  etagee  in  diAnni  ngfani  of  Hi 
diitriVmtioii,  end  ettempto  hftfe  been  wede  hjr  meent  of  flie.inehided  fadb  to  peimliri 
theee  itegee  to  e  gOMnl  wnj  Witt  the  eabdiririoM  hi  tiie  Anik-P)Hirin  hMin.  Bd 
the  eonditions  of  deporitlon  wen  id  dICBwnt  tint  eooh  eondetioBe  naet  nhroji  to 
regerdedee  only  wide  epprazimnthwi  to  the  tnth.  In  the  Nocthen  AlpB(Bhveiie,AeL) 
QOmbcI  ermngee  the  Eoeene  eeriee  ee  nnder :  ^-* 


Flyicb  or  Vieniui  naditone  (upper  EooieeX  incIndlDg  jomger  Kmnmnlitie  bedi 

siul  HKring  beds. 
Lower  Xaromalitie  groap.    Kmienberg  bcd»— greenish  landy  strata  ahonikling  in 

foMiU,  which  on  the  whole  point  to  a  correspondence  with  the  Galcaire  Grossier. 
Burberg  beds^— greensainl  wHb  small  Xommolites  and  Exogyra  Bromfmariiy  answer^ 

ing  possibly  to  the  upper  part  of  the  lower  Eocene  beds  of  the  Anglo-Parisian  area. 

In  the  Southern  and  Sonth-Eaetem  AIpe  the  Eocene  rocks  attain  a  much  larger 
development.    The  following  rabdiTiaiona  in  descending  order  hare  boen  rcoc^gnisod : * 


I  • 

1^ 


Modgno  or  TasMllo,  baring  the  usual  character  of  the  Vienna  sandstone. 

No.  fossils  but  fncoids. 
Fossiliferous  calcareous  marls  and  shales,  and  thick  conglomerates. 
Chief  Nnmmulite  limestone,  containing  the  roost  abundant  and  varied  de- 

velopment  of  nummulites,  and  attaining  the  thickest  mass  and  widest 

geographical  range. 
Borelis  (Alveolina)  limestone,  containing  numerous  large  foraminifeia  of  the 

genus  liorelU. 
Lower  NummuUte  limestone,  with  small  nummulites,  and  in  many  places 

banks  of  corals. 


'  Tlio  Iiistorv  of  tho  Flyscb  Las  given  rise  to  some  discussion.  Th.  Fucha,  for  instance, 
regarded  it  as  having  probably  been  derived  from  eruptive  disobaraos  sudi  as  tlioee  of 
mud  volcanoes  iSUz,  Akad.  IF/en,  Ixxv.  1877,  p.  340 ;  Verli,  O&d,  Jieieh9atui,  187,H. 
p.  VMi).  This  view  was  opposed  by  K.  M.  Paul,  who  regarded  the  Flyach  as  a  nrmDal 
aedimontary  formation  (JiJirb.  (hdl.  Beichgatwt,  1877,  p.  431 ;  Verh.  Otol.  Reich^anti,  lS7i^ 
p.  1 71)).  liy  some  geologists  the  rocks  have  been  regarded  as  a  deep-aea  dcjMieit,  by 
othern  oa  an  accumulation  in  shallow  water  (Renevier,  Arch,  Sci,  J'Ays.  Nat,  GewnL 
(3)  xii.  1881,  p.  310).  ' 

*  That  tt  glacial  period  occurred  at  the  close  of  tho  Cretaceona  period,  again  at 
tho  en<l  of  tho  Eooeno  and  in  tho  Miocene  (erratics  of  Superga,  near  Turin)  has  binn 
regarded  by  some  goologista  as  probable  (A.  Vezian,  licv,  Sci,  xi.  (1877)  p.  1711 

■  »G«wno8ti8cho  Beschreib.  Bayorisch.  Alpen,'  1861.  p.  593,  et»M, 

•  Ven  Hauer,  •  Qoologie,'  p.  569.  ' 
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rpper  Foraminiferal  limestone,  containing  abo  intercalations  of  fresh-water 
beds  (CAara). 
Cosina    beds,   with  a  peculiar   fresh-water  fauna  (^Stronuitopsts,  Melanuiy 

Chara,  &c.}. 
Lower  Foraminiferal  limestone,  with  numerous  marine  moUusca  (Anomict^ 
Cerithitun,  &c.),  and    with    occasional    beds    of   fresh-water    limestone 
,    {Chora,  Melanhf  &c.}. 


'3  » 


India,  iso, — Aa  above  stated,  the  maasive  Knmmulitic  limestone  extends  through 
the  heart  of  the  Old  World,  and  enters  largely  into  the  structore  of  the  more  important 
moantain  chains.  In  India  a  tolerably  oopions  development  of  Eocene  rooks  has  been 
observed,  bnt  it  is  not  qnite  certain  whore  their  upper  limit  should  be  drairn  to  place 
them  on  a  parallel  with  the  corresponding  groups  in  Europe.  The  following  sub- 
divisions in  descending  order  are  observed  in  Bind :  * — 

Nari  group.  Sandstones  without  marine  fossils,  and  probably  of  fresh-water 
origin,  4000  to  6000  feet,  representing,  perhaps,  upper  Eocene  and  Oligocene 
or  lower  Miocene  beds  of  Europe. 

Kasauli  and  Dagshai  groups  of  sub-Himalayas. 
Kirthar  group.    A  marine  limestone  formation  in  general,  but  passing  locally 
into  sandstones  and  shales.    The  upper  limestones  contain  NummviUes  garari' 
scnsis,  N,  sublxvigata, 

Nummulitic  limestone  of  Slnd,  Punjab,  Assam,  Burmah,  &c.    Subathti  of  sub- 
Himalayns,  Indus  or  Shingo  beds  of  Western  Tibet. 
Ranikot  beds — sandstones,  shales,  clays  with  gypsum  and  lignite,  1500  to  2000  feet ; 
abundant  marine  fauna,  including  Nummuiiles  spira,  N,  irregularis^  N.  Leymeriei. 
Lower  Nummulitic  group  of  ^It  Range. 

North  America. — Tertiary  formations  of  marine  origin  extend  in  a  strip  of  low 
land  along  the  Atlantic  border  of  the  United  States  and  Mexico,  from  the  coast  of  New 
Jersey  southward  into  Florida  and  round  the  margin  of  the  Gulf  of  Mexico,  whence 
they  run  up  the  valley  of  the  Mississippi  to  beyond  the  mouth  of  the  Ohio.  On  the 
western  seaboard  they  also  occur  in  the  coast  ranges  of  California  and  Oregon,  whore 
they  sometimes  have  a  thickness  of  3000  or  4000  feet,  and  reach  a  height  of  3000  feet 
above  the  sea.  Over  the  Rocky  Mountain  region  Tertiary  strata  cover  an  extensive  area 
but  are  chiefly  of  fresh-water  origin. 

In  the  States  bordering  the  Atlantic  and  Qulf  of  Mexico  the  oldest  Tertiary  deposits 
are  referred  to  the  Eocene  series,  and  in  some  places  (New  Jersey)  appear  to  follow 
conformably  on  the  Cretaceous  rocks.  They  have  been  subdivided  into  four  groups, 
which  in  the  state  of  Mississippi  are  well  developed,  with  the  following  characters : ' — 

4.  Jackson  beds  (*' White  Limestone*'  of  Alabama),  white  and  blue  marls 
underlain  by  lignitic  clay  and  lignite  (80  feet)  with  Zcwjhdon  macrospondylttSf 
Cardita  pianicosta,  Cardium  NicoHeti,  Leda  multilineata,  Corbula  bioarinata, 
RostcUaria  veiata,  Voiuta  dumosa,  Ultra  dumosa,  Conw  tortiliSj  Cyprtea  fenes^ 
intliSy  &c. 

3.  Claiborne  beds,  white  and  blue  marls,  and  sandy  beds  with  numerous  shells 
which  indicate  a  liorizon  equivalent  to  that  of  part  of  the  Calcaire  Grossier  of  the 
Paris  basin. 

2.  Buhr stone  (Siliceous  Claiborne),  sandstones  and  siliceous  impure  limestones  with 
CIail>ome  fossils  (400  feet  and  upwards). 

1.  Lignitic  sands  and  clays,  with  marine  fossils,  and  with  iutcrstratified  lignites  and 
plant-remains  (Qucrctw,  PopuluSf  FicuSf  LauruSf  Pcrsca^  Comus,  Olea,  HhamnuSy 
Afaynoliity  &c.). 

Over  the  Bocky  Mountain  region  and  the  vast  plateaux  lying  to  the  east  of  that  range 


'  Mcdlicott  and  Blanford's  *  Geology  of  India,'  chap.  xix. 

2  A.  Heilprin,  *  Contributions  to  the  Tertiary  Geology  and  PaUoontology  of  the  United 


States,*  1884. 
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the  older  Tertiary  beds  consifit  mainly  of  lacustrine  strata  of  great  thickness,  wherein 
the  following  subdivisions  in  descending  order  have  been  established ; — 

4.  Uinta  group  (400  feet)  or  "  Diplacodon  beds." 

i).  Bridger  group  (5000  feet)  or  "  Dcinoceras  beds." 

2.  Green  River  group  (2000  feet). 

1.  VVahsatch  (Vermilion  Creek)  group  (5000  feet). 

The  extraordinary  richness  of  these  strata  in  vertebrate  and  particularly  mammalian 
remains,  already  referred  to  (p.  817),  has  given  them  a  high  importance  in  geological 
and  pahooutological  history. 

Au8trala43ia. — Though  vast  areas  in  this  region  are  covered  with  strata  which 
sometimes  attain  a  depth  of  several  hundred  feet,  containing  both  terrestrial  and  marine 
deposits,  and  which  are  referable  to  various  parts  of  Oainozoio  time,  no  taiisfaotoij 
correlation  of  the  bods  with  European  equivalents  has  yet  been  made,  if,  indeed,  snoh  a 
correlation  is  at  all  probable  or  possible.  All  tliat  can  be  safely  affirmed  is  that  a 
succession  among  these  beds  can  be  traced  with  an  increasing  proportion  of  recent 
s|)ocles  in  the  younger  parts  of  the  series.  Throughout  the  whole  of  eastern  Anstralis, 
including  most  of  New  South  Wales  and  Queensland,  no  marine  Tertiary  fossils  have 
been  discovered.  In  the  south-west  of  New  South  Wales  and  in  Victoria  an  extensive 
series  of  conglomerates,  siliceous  sandstones,  clays,  and  ironstones,  has  been  deposited 
in  valleys  and  probably  lake-basins.  On  the  Dividing  Kange  these  strata  rise  to  4O00 
feet  above  the  sea.  At  Bacchus  Marsh  in  Victoria  and  elsewhere  they  have  yielded 
leaves  oi  Laurus,  Cinnamomum,  &c.,  some  of  which  closely  resemble  species  found  at 
Oeningen.  The  general  aspect  of  this  flora  is  rather  that  of  tropical  than  of  extra- 
tropical  Australia,  and  this  indication  of  a  warmer  temperature  than  at  present  is 
corroborated  by  the  occurrence  of  coral-reefs  in  Tasmania  referred  to  the  Miocene 
poriod.  Above  these  plant-bearing  beds  which  have  been  regarded  as  Lower  Miocene 
or  Upper  Eocene,  marine  beds  supposed  to  be  Middle  and  Upper  Miocene  occur  on  the 
flanks  of  the  Dividing  Kan  go  of  New  South  Wales  up  to  heights  of  800  feet.  In  South 
Australia  and  Victoria  extensive  marine  accumulations  of  clay,  sand,  and  limestone, 
often  underlying  widespread  basalt-plateaux,  have  yielded  numerous  foraminifera, 
especially  at  Mount  Gambier  and  Murray  Flats  in  South  Australia;  40  species  of 
corals,  which  are  only  slightly  relatetl  to  the  living  species  of  the  surrounding  seas,  but 
include  three  European  Tertiary  species ;  ^  many  eehinoderms  and  polyzoa,  and  a  large 
molluscan  fauna,  in  which  the  genera  Waldlieimia,  Cmnlhtca,  Fectunculu$f  Trigonia, 
Cyprtea^  FimiSy  HallotUy  Murex,  Mitra^  T^via,  TurriteUa,  Volutay  &c.,  occur.  The  verte- 
brate organisms  consist  of  fishes  (of  the  world-wide  genera  Carcharodon,  Lamna,  Oiodw, 
Ojcijrhina),  a  few  marsupials  {Betiongia,  Nototherium^  FltascolomySy  Sarcophilut),  with 
some  marine  mammalia  (Squalodon,  Arciocepludit^), 

In  New  Zealand  rocks  believed  to  be  referable  to  the  upper  part  of  tho  Eocene  series 
are  mainly  composed  of  a  shelly  calcareous  sandstone  with  corals  and  polyzoa,  which  in  its 
lower  part  passes  occasionally  into  an  imperfect  nummulitic  limestone  (nummulitic 
lx?d8,  Hutchison's  Quarry  beds,  Mount  Brown  beds).  Volcanic  action  was  greaUy  developed 
during  the  deposit  of  these  stmta  in  both  islands.  Henco  interbeddcd  lavas  and  tuffis 
are  frequent,  and  in  the  North  Island  the  calcareous  bods  are  often  wholly  replaced  by 
wide-spread  trachyte-flows  and  volcanic  brcccias.- 

Section  ii.  Oligocene. 

§1.   General    Characters. 

The  term  "  Oligocene"  was  proposed  in  1854  and  again  in  1858  by 
Professor  Beyrich^  to  include  a  group  of  strata  distinct  from  the  Eocene 

>  Duncan,  Q.  J.  Geol.  Soc.  1870,  p.  313.      «  Hector's  *  Handbook  of  New  Zealand,'  p.  28. 
»  Monatsbericht  Alad.  Derh'n,  1854,  pp.  G40-GGG,  1858,  p.  51. 


sww.  a.  i  1.] 


OLI&OCENE    BTSTEHr. 


bole  of  Franoe  and  Belgium,  and  vrbich  Lyell  had  classed  as  "  Older 
Miocene."  They  oonsist  pardy  of  terrestrial,  partly  of  fresh-water  and 
braokieh,  and  partly  of  muine  beds,  indicating  considerable  oscdllationB 
of  level  in  the  European  area.  They  consequently  present  none  of  the 
iDaesive  deepet-water  characters  so  ounspicuous  iu  some  of  the  Ejoccuo 
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subdiTiidons.  Among  other  geographical  chaugea  of  which  they  preserve 
the  chrtmicles  is  the  evidence  of  the  gradual  conversion  of  portions  of 
the  sea-floor  over  the  heart  of  Europe  into  wide  lake-baains  in  which 
thick  lacnstrme  deposits  were  accumulated  borne  of  those  lakes  did 
not  attain  their  fullest  development  until  the  Mioceno  period. 


The  Oligooeno  flora,  according  to  Heer,  is  composed  mainly  of 
an  evergreen  vegetation)  and  has  characters  Unking  it  with  tho  living 
tropical  floras  of  India  and  Australia  and  with  the  subtropical  flora  of 
America.  It  includes  some  ferns,  fan-palms,  and  feather-palms  (^Sabal, 
Phtenicitefi),  a  number  of  conifers  (Seqiwiti,  &c.),  cinnamon -trees,  ever- 
green oaks,  custard-apples,  gum-troos,  spindle- frees,  oaks,  figs,  laurels, 
willows,  vines,  and  proteacoous  shrubs  (Dryanrfro,  Dri/androides). 
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Among  the  mollnsca  some  of  the  more  important  genera  are  Osfrva, 
Peeten,  Nwmla,  Attarte,  Cardium,  Cytherea,  CaiKeUaria,  Murex,  Fiuiu, 
Typhis,  Cams,  Pleurotoma,  Conua,  Toluta,  Cerithium,  Melania,  PtarwrhU, 
Numerous  remains  of  birds  liave  been  found  in  the  laouBtriue  beds  of  the 
Department  of  the  Allior,  no  fewer  than  66  species  having  been  desaribed. 


FlB.  til.— (UlgDMne  Gutecopodi. 
a,  PlBnorb[>eiioii:ip)uln,Siiv,  Ctji  b.C«rUUnin  pUcitnni,  Lun.  (I);  c, 
0,  Llnmm  IcoflKat*,  Bnwgn.  (]). 


1^  a™,  a); 


whiob  compriso  parroqnets,  trogons,  flamingoes,  ibises,  pelicans,  maia- 
boiita,  cranes,  Becretary-birds,  e^les,  grouse,  and  nnmerouH  gallinaoeooa 
birds — a  fauna  reminding  us  of  that  of  the  lakes  in  Southern  Africa.' 
The  mammalia  inorease  in  Tariety  of  forms.    According  to  Qaudry  the 


Fig.  <13.— ADoptodmli 


following  ohronolo^cal   sequence  of  appearances  and  disappearance! 
during  the  Oligocene  period  have  been  noted ;' — 


Upper. — St.  Gerand- 
le-Pny(Amor),  Cai- 
rn ire  de  licBUce  la 
part,  fjables  do 
taioebleaox,  Hcmp- 
Btead  beds. 


Appearance  of  lie  Bencrft  Jtliinoeeroe  (7),  Tapir,  PaUat- 
dtarui,  slircw,  FlesioiOTex,  Mi/scTaehite,  mole,  mtuk- 

'  rat,'  iMlrictU,  FalxonycterU,  Telraeiu.  DiBappe«r- 
onco  or  FalKotlifriam,  AnofUi&erima.  Beign  of 
Eyopoiaotai  and  Anthracoilterium. 


'  A.  Milne  Edwards,  'Oiscanx  Fowilea  da  k  Fnmee,'  1867-71 :   Boyd  Dawkiiu, 
'Early  Man  in  Britain,'  p.  54.  ■* 

'  >  Les  Enchatncmenti  dn  Hondo  Animal,'  18TS,  p.  4. 
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'Appearaaco  of  the  genera  (hdwrcfAherivmt  HyradUtUj 

EfUelodonj  Anthrcicotherium^  Dacryihetiumf  Chalico- 

therium,  TraffulohyuSj  LophiomeryXy  Hyxmotchui  (?), 

Brie,  &c.  |     Otlocus,  Dremotheriumy  Thereutheriumy  dog  (?),  ciret, 

marten,  Plenetiey  Plesiogale,  Mlwrogaley  IwinoUjphus, 
Neerolemur, 


Middle. — Calcairo    de 


3 

t 


Lower.  —  Lacustrine 
gypsmn  of  Paris, 
bods  of  Yanclnse,  St. 
Hippolyte,  Caton,' 
8ouTignargae8,6em- 
bridge  beds. 


'Appearance  of  the  genera  opossum,  CJueropoiamw, 
TapiruUtt,  Anoploiheriumy  Eurutheriumy  Cainotkeri' 
um,  AnckUophuSy  Aoothendumy  Uebochosrusy  Xiphodony 
AmphitneryXy  Plesiardomyay  dormouse  (?^,  Treehomysy 
Gatethylax  (?},  Hyxnodony  Adapts.  Roign  of  pachy- 
derms.   The  camivora  have  still  partly  marsupial 

,    characters. 


§2.   Local    Development. 

Britain. — Oligoccno  strata  are  but  sparingly  developed  in  thia  country.  They 
occur  in  the  Hampshire  basin  and  Isle  of  Wight,  resting  confonnably  upon  the  top  of 
tho  Eocene  deposits^  and  consisting  of  sands,  clays,  marls,  and  limestones,  in  thin- 
bedded  alternations.  These  strata  were  accumulated  partly  in  tho  sea,  partly  in 
brackish,  and  partly  in  frcsh  water.  They  were  hence  named  by  Edward  Forbes  **  the 
fluvio-marine  series,"  and  were  subdivided  by  him  and  Mr.  Bristow  as  under,  in  descend- 
ing order : * — 

Hem])stead  Beds. — Corbula  beds  (marine).    Brown  and  greenish  nodular 
clays  and  shelly  beds  {Corbula  vectctisis,  C,  pisum,  Cyrena  scmistriata, 
CerHhium  plicatum,  Cyprids,  &c.). .       .  .         .         .         «         .     9  ft.  6  in. 

Upper  fresh-water  and  estaary  marls. — (jCcrithxtan,  pliaatumy  Oot^ula 
tectcnsisy  Ccrithium  elegans,  Cyrena  scmistriaiOy  EucMlus  {Bissoa) 
Chastelliy  Melania  Nystii  (inflatd),  Unio  Austeniy  &c.)         .         .         .     40  ft. 

Middle  fresh-water  and  estuary  marls. — {Cyrena  scmistriata,  Palvr 
dina  lentil y   Cerithiwn  SedgictckUy  Melania  fasciatOy   Panopxa  minor y 

P,  Gibbisiiy  &c.) 50  a. 

Lower  fresh-water  and  estaary  marls. — {Melania  muricatay  Melanopsis 
CTrtnito,  Euchilns  {Rissoa)  Chastelliy  Paludina  lenta,  with  CharOy 
Gyrotjonilcsy  and  other  aquatic  and  terrestrial  plants)        .         .         .65  ft. 

Bembridge  Beds. — Bembridge  marls  {Potamadis  {Mtlania)  turniissinuty 

Ccrit/uum  mutabiley  Cyretut  pxdchray  Ostrca  tectciisis)         ,         .         .     62  ft. 

Limestone  {Limnxa  longiscatay  ffyalinia  {Helix)  (TUrbaniy  Helix 
occlnsdy  Planorbis  obtusuSy  P,  oUgyratuSy  Cyclotus  cinctuSy  Amphidromus 
{Dnliinus)  ellipticns)     .  ,         .         .         ,         .  ,  .     15  to  25  ft. 

Osborne  or  St.  Helen's  Beds. — Clays,  marls,  sands,  and  limestones  {Chara 
Lyeiliy  Cyrena  cbovatOy  Melanopsis  carinuta,  and  numerous  species  of 
PUtiiorbis,  Pahidinay  &c.)       .  , 70  ft, 

Hcadon  Beds. — Upper,  consisting  of  clays  and  thick  beds  of  limestone, 
with  abundance  and  variety  of  fossils  {PotamomyOy  Cyrena  obovatay 
Nystift  {Bulimits)  politdy  Melania  muricatay  Paludina  lentOy  LvrnMsa 
longiscata).  Middle,  containing  brackish-water  and  marine  fossils 
{Ostrca  pAellulOy  0,  calliferay  Cytherea  {Venus)  incrassatoy  C.  subor^ 
cilia risy  Pleurotoma  odontelhy  Murex  scxdcntatuSy  Voluta  spinosOy  Pisania 
hbiattt,  Ancillaria  buccinoidesy  Cancellaria  muricaUiy  Ccrithium  concavtuny 
&c.).  Lower,  composed  of  fresh  and  brackish  water  beds  with  Cyrena 
cycladiformiSy  Unio  Solandriy  HeliXy  several  si)ecies,  &c.  Among  the 
more  conspicuous  fossils  of  the  fresh-water  part  of  the  Hendon  beds  are 
Planorbis  euomphcHuSy  P,  rotundatusy  P.  knSy  and  other  species,  Limnssa 
longiscatay  and  other  species,  Palitdina  lenta;  in  the  brackish-water 
beds  Poiamomya  phtnoy  and  Potomides  cinctus;  and  in  the  marine  bands 
Cytherea  iiicrassata 133  to  175  ft. 

Considerable  interest  attaches  to  the  marine  baud  forming  the  middle  division  of 
the  Hoadon  beds,  as  it  serves  for  a  basis  of  correlation  between  Ihe  English  strata  and 
their  equivalents  on  the  Continent.    Tho  band  ia  well  seen  in  the  Isle  of  Wight,  and 

'  In  tho  works  already  cited,  p.  8:19.    They  are  there  classed  as  Upper  Eocene. 
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occurs  also  at  Brockcnhiust  and  other  places  in  the  New  Forest.  It  has  yielded  np  to 
the  present  time  235  species  of  fossils,  almost  all  marine  moUusks,  but  including  also 
14  species  of  corals.  Of  these  organisms,  a  considerable  proportion  is  common  to  the 
Lower  Oligocene  of  France,  Belgium,  and  Germany,  and  22  species  are  found  in  the 
Ui)per  Bagshot  beds.* 

Thu  Oligocene  or  fluyio-marine  series  of  the  Hampshire  basin  has  yielded  a  few 
vci'icbrato  remains,  including  those  of  rays  (Myliobateg),  snakes  (Po/i^ryx),  oiooodiles, 
alligators,  turtles  (Emys,  Trionyxy  numerous  species),  and  a  cetacean  {Balssnoptera); 
while  from  the  Bembridge  beds  have  come  the  bones  of  a  nimiber  of  the  oharaoteristic 
mammals  (A  noplolherium,  two  species,  PaUsotherium,  six  or  more  fpedes,  ChcBropotamu$, 
Dichohune,  Dicltodon,  IIyopot<imu8,  two  species,  Lophiodotiy  Mtcrocfusrm,  HyraeoOterium). 
The  top  of  the  fluvio-marine  series  in  the  Isle  of  Wight  has  been  removed  in  denu- 
dation, so  that  the  records  of  the  rest  of  the  Oligocene  period  have  there  entirdy 
disappeared. 

It  has  been  hitherto  customary  to  consider  as  Miocene  certain  plant-bearing  strata, 
of  which  a  small  detached  basin  occurs  at  Bovey  Tracey,  Devonshire,  but  which  are 
mainly  distributed  in  the  great  volcanic  plateaux  of  Antrim  and  the  west  of  Scotland. 
These  strata  have  been  regarded  as  equivalents  of  what  are  now  termed  Oligocene  beds 
ou  the  Continent.  At  the  Bovey  Tracey  locality,  which  is  not  more  than  80  miles 
from  the  Eocene  leaf-beds  of  Bournemouth  and  the  Isle  of  Wight,  a  small  but 
interesting  group  of  sand,  clay,  and  lignite  beds,  from  200  to  300  feet  thick,  lies 
between  tlie  granite  of  Dartmoor  and  the  Grcensand  hills,  in  what  was  evidently  the 
hollow  of  a  lake.  From  these  beds,  Hcer  of  Zurich,  who  has  thrown  so  mnch  light  on 
the  Tertiary  floras  of  "both  Ihc  Old  World  and  the  New,  has  described  about  50  species 
of  plants,  which,  he  says,  place  this  Devonshire  gproup  of  strata  on  the  same  geological 
horizon  with  some  part  of  the  Molasse  or  Oligocene  (lower  Miocene)  gproups  of 
Switzerland.  Among  the  species  are  a  numbiT  of  ferns  (Lastrssa  Hiriaca,  Pecopterii 
(0^mu7tda)  lignitum,  &c.);  some  conifers,  particularly  Sequoia  Couttsue,  the  matted 
de'bris  of  which  forms  one  of  the  lignite  beds ;  cinnamon-trees,  evergreen  oaks,  custard- 
apples,  eucalyptus,  spindle-trees,  a  few  grasses,  water-lilies,  and  a  palm  (^PalmacUtt). 
licavcs  of  oaks,  figs,  Jaurels,  willows,  and  seeds  of  grapes  have  also  been  detected — the 
whole  vegetation  implying  a  subtropical  climate.*  More  recently,  however,  Mr.  Starkic 
(rardncr  has  expressed  the  opinion  that  this  flora  is  on  the  same  horizon  as  that  of 
Bournemouth,  that  is,  in  the  middle  Eocene  group.^  If  this  view  were  established,  the 
volcanic  rocks  of  the  north-west,  with  their  leaf-beds,  might  be  also  relegated  to  the 
Eocene  period.  In  the  meantime,  however,  they  are  placed  in  the  Oligocene  series  as 
probable  equivalents  of  the  brown-coal  and  molasse  of  the  Continent.  The  plateaux  of 
Antrim,  Mull,  Skye,  and  adjacent  islands  are  composed  of  successive  outpourings  of 
basalt,  which  are  prolonged  through  the  Faroe  Islands  into  Iceland,  and  even  far  up  into 
Arctic  Greenland.  In  Antrim,  where  the  great  basalt  sheets  attain  a  thickness  of  1200 
feet,  there  occurs  in  them  an  intercalated  band  about  30  feet  thick,  consisting  of  tuift, 
clays,  thin  conglomerate,  pisolitic  iron-ore  and  thin  lignites.  Some  of  these  layers  arc 
full  of  leaves  and  fruits  of  terrestrial  plants,  with  occasional  insect  remains.  According 
to  the  data  collected  by  a  Committee  of  the  British  Association,  upwards  of  thirty 
species  of  plants  have  been  obtained,  including  conifers  (jGupreninozyUm^  Taxodium, 
Sequoia,  Pintw),   monocotyledons   (Phragmites,   Poacites,    Iris),   dicotyledons  (Sn/ur, 


*  A.  von  Koenen,  Q.  J.  Geol.  Soc.  xx.  (1864)  97.  Duncan,  op,  eit.  xxvL  (1870)  p.  66. 
J.  W.  Judd,  op.  cit  xxxvi.  (1880)  p.  137 ;  xxxviii.  (1882)  p.  461.  H.  Keeping  and  E.  B. 
Tawney,  op.  cit.  xxxvii.  (1881)  p.  85;  xxxix.  (1883)  p.  566.  E.  B.  Tawney,  Geol,  Mag. 
1883,  p.  157.  W.  Keeping,  Geol  Mag.  1883,  p.  428.  J.  W.  Elwes,  BriL  A»$oe,  1882, 
Sects;  p.  539. 

*  Phil.  Trans.  1862. 

»  **  British  Eocene  Flora,"  Palmnt.  Soc.  1879,  p.  18.  See  also  Q,  J.  GtoL  Soe.  xli. 
p.  82.  The  great  uncertainty  in  the  correlation  of  deposits  by  means  of  land-plants  has 
been  already  referred  to  (pp.  602,  610,  617). 
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Poptcltw,  Alnu8,  Carylm,  QuercuSf  Fagu8  f  Platanus^  SassafrcUj  Acer,  Andromeda,  Vthur- 
num,  Arcdia,  Nyssa,  Magnolia,  Bhamnus,  Juglans,  &c.),^  In  the  west  of  ScotlaDd  the 
volcanic  sheets  attain  still  greater  dimensions  in  Mull,  reaching  a  thickness  of  3000 
feet,  and  there  also  including  thin  tuffs,  leaf-beds  and  ^coals.  In  Mull,  Bkye,  and 
Antrim,  the  terraces  of  basalt,  with  occasional  comparatively  thin  bands  of  tuff,  form  a 
noble  example  of  the  extravasation  of  great  piles  of  lava  without  the  formation  of 
central  cones  or  the  discharge  of  much  fragmentary  matter  (p.  241).  They  have  been 
invaded  by  bosses  of  trachyte,  and  various  granitoid  rocks,  which  send  veins  into  and 
alter  the  basalt.  They  are  likewise  traversed  by  veins  of  pitchstone,  but  more  espe- 
cially by  prodigious  numbers  of  basalt-dykes,  which  in  Scotland  have  a  prevalent 
W.N.W.  and  E.S.E.  direction.  The  basalt-plain  was  channelled  by  rivers,  and  into  the 
mvines  thus  eroded  streams  of  pitchstone  made  their  way  (Scuir  of  Eigg),  whence 
it  is  evident  that  the  volcanic  eruptions  lasted  during  a  protracted  period.^ 

Paris  Basin. — ^In  this  area,  where  a  perfect  upward  passage  is  traceable  from 
Eocene  into  Oligocene  beds,  the  latter  are  composed  of  the  following  sub-divisions:' — 

^Uelix-limestone  of  the  Orleauais  {Helix,  J*ianorbis,  &c.).  Mculiures  de  Mont- 
morency— very  hard  siliceous,  cellular,  fossiliferous,  fresh-water  limestones 
employed  for  millstones  (Litnna'ct,  Bythin'ut,  Planorhis,  Valcatu,  Chnra),  This 
deposit  is  replaced  towards  the  south  by  the  fresh-water  Calcnire  de  Beauce, 
which  is  separable  into  a  higher  assise  (sometimes  57  feet)  consisting  of  green 
marl,  siliceous  sand,  and  calcareous  sandstone  passing  into  limestone  {Helic 
Morogncsi,  IL  aurclianus,  H,  Tristani,  Flanorbis  solidns,  Lim.mut  Lartcil, 
Melania  aquitaniat,  &c.);  and  a  lower,  composed  of  limestone  (^Limntc^i 
Brongniarti,  L.  cornea,  L,  cylindrica,  Helix  Jiamondi,  Cydosioma  anttquuni, 
PJanorbis  cornu,  Fotamides  Lamarcki^  &c.). 

Gr^  de  Fontainebleau.  Sands,  and  hard  siliceous  sandstones.  At  the  top  of 
this  subdivision  there  occurs  at  Ormoy,  near  £tampes,  and  elsewhere  a  band  of 
calcareous  marl  full  of  marine  fossils  (Cordita  Buzini,  Cythcrea  iricnissata, 
LuciiM  Heberti  ). 

Sables  de  Fontenay,  Jeurre  et  Morigny,  a  thick  accumulation  of  yellow  ferru- 
ginous unfossiliferons  sands,  covering  a  large  area  around  Paris,  and  serving 
as  a  foundation  for  most  of  the  new  military  forts  of  that  locality. 

Marl  with  Ostreci  longirostri^  0.  cyathuhty  and  Corhula  suhjnsHni, 
<{Calcaire  de  Brie,  a  lacustrine  limestone  with  Limmea  cornea,  PUinorbis  conm, 
C/utra,  &c. 

Green  marls  (Marues  k  Gyrenes,  glaises  vertes),  consisting  of  an  upper  mass  of 
non-fossiliferous  clay,  and  a  lower  gtoup  of  fossiliferbus  laminated  marls 
{Cerithium  plicatum,  Psammobia  plana,  Cyrena  convexa). 

'White  marls  (Mames  de  Pantin)  with  Limnsca  strigosa,  Planorhis  2>lcinidatus, 

Snpra-gypseous  blue  marls,  with  very  few  fossils. 

Lacustrine  gypsum  {Gyps  lacustrc).  The  highest  and  most  important  gypsum 
bed  of  the  Paris  basin  (65  feet  thick  at  Montmartre),  with  a  remarkable 
prismatic  structure,  containing  skeletons  and  bones  of  mammals  {Palxotherium, 
Anoplotherium,  Xiphodon),  fragments  of  terrestrial  wood,  and  a  few  terrestrial 
shells  {Helix,  Cyclostoma,  &c.).  This  deposit  is  continuous  with  the  marine 
gypsnm  underneath  it  (p.  855). 

In  the  south-west  of  France  (Aquitania)  the  Lower  Oligocene  division  (Tongrian  of 
Belgium)  is  represented  by  a  tliick  yellowish  marine  limestone  (Galcaire  ^  Asteries) 
with  Cerithium  plicatum,  Trochus  BucMandi,  Natica  craf»aiina,  &c. 

»  W.  H.  Baily,  Brit.  Assoc,  1870,  Rep.  p.  1G2 ;  1880,  p.  107 ;  1881,  p.  152.  On  the 
north  coast  of  Antrim,  near  Ballintoy,  a  band  of  tuff  occurs  about  150  feet  thick.  But 
in  belaud,  as  in  Scotland,  the  tuffs  take  quite  a  subordinate  place  among  the  great  piles 
of  basalt. 

«  Froe,  Boy,  8oc.  Edin.  vi.  (18G7)  p.  71 ;  Q.  J.  Geol  StM-.  xxvii.  (1871)  p.  280.  Prof. 
Judd  (op.  eit,  xxx.  (1874)  p.  220),  on  the  other  hand,  believes  that  there  were  five  great 
Tolcanio  cones  in  the  Western  Islands  whence  the  streams  of  basalt  flowed,  and  of  which 
the  monntoinB  of  Mull,  Skye,  &c,  are  the  degraded  ruins. 

*  BoUfiuB,  BuU,  Soe.  Qtol.  France,  3*  s^r.  vi.  (1878)  p.  293.  The  separation  of  an 
Oligooene  ieries  in  ^e  Paris  basin  is  not  admitted  by  many  eminent  French  geologists. 
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Belgium.^— Tho  succession  of  Oligoceno  bods  iii  this  ooiuiti7  differs  from  that  of 
France,  and  has  received  a  different  nomenclature,  as  follows : — 

Upi)er. — Wanting. 

White  sanda  of  Bolderberg  (Boldervm), 

Clay  of  Boom  and  Nucuia  clay  of  Bergh — upwards  of  40  8}>ecie8  of  fonils, 
including  Nucula  compta  {LeJa  lyeUiam)^  Corbah  $itbpUum  (  =  "  Scp- 
tarienthon  "  of  Northern  Germany). 

Cerithium  sands  of  Vienx  Jonc  (Kleiu  Spauwen)  and  Pectunculus  sanda 
of  Bcrgh. 
-  Henis  clay.     The  fossils  in  this  clay  and  the  overlying  sands  are  flurio- 
marine  {Cychstonut,   Swcinea,  Pupa ;   Phnorbis,  Limnssa,  Ncritima ; 
Cerithium,  Mchmia,  Bythinia,  Cyraut), 

I  Sands  of  Neerepen. 
Sands  of  Grimmer tingen.    Tlie  Tongrian  deposits  contaiu  an  abundant 
marine  fauna  =  the  Egeln  beds  of  Germany. 

Germany.* — In  northern  Germany,  while  true  Eocene  beds  arc  wanting,  the 
Oligocene  groups  are  well  developed  both  in  their  marine  and  fresh-water  facies,  and  it 
was  from  their  characters  in  that  region  that  Beyrich  proposed  for  them  the  term 
Oligocene.  They  occupy  large  more  or  less  detached  areas  or  basins,  with  local 
litliological  and  pala>ontological  variations,  but  the  following  general  subdivisions  bavo 
been  established : — 

■ 

'Marine  marls,  clays,  sands,  sparingly  distributed  (Doberg,  Hanover ;  Wilhelms- 
liuhe;  Mccklcnburg-Schwerin),  with  Spatangus  Jlojfmanniy  Tcrcbnitula  gnitulis^ 
Vccten  JanuSj  P.  decussiUus,  Area  Spcycri,  Nassa  pygmtca,  Pkurotoma  subden- 
ticitlatit. 

Brown-coal  deposits  of  the  Lower  Khine,  &c.,  with  a  flora  of  less  tropical  Indian 
and  Australian  type,  and  more  allied  to  that  of  sub-tropical  North  America 
(Acer,  Cinnamomnnif  CupressinoxyluHy  JuyUins,  Nyssa,  Pinitcs,  Qitcrcus,  &c). 
Some  marine  beds  in  this  division  contain  Tcrcbratula  graiidis,  Pectcn  Janus, 
P,  Afunsteri,  &c. 

Stettin  (Magdeburg)  sand  and  Septaria-clay  ^Sej^tarienthon),  with  an  abundant 
marine  fauna  (Foraminifera,  Pectcn  permistu^,  Ia^i  dcshaycsianaj  Axinus 
oljtnsiis,  Fusus  Koninckli,  F.  multisuhitw,  &c.).  These  beds  are  widely  distri- 
buted in  north  Germany,  and  are  usually  the  only  representatives  there  of 
the  Middle  Oligocene  deposits.  In  some  places,  however,  a  local  brown-coal 
group  occurs  (Ainm  Kefcrsteini,  Cinnam(/mumpoiymotphum,  Popuius  Zaddachi, 
Taxodiuin  dubium), 

Egeln  marine  beds  (^Ostrca  ventilabntm,  Area  oppendiculata,  Cardita  Dunheri, 
Cardium  I£a\ismanni,  Cytherea  Solandri,  Cerithium  Itertun,  Picuivtoma  Beyrichi, 
P.  SH^jconoidea,  VoUita  decora,  &c.,  and  corals  of  the  genera  TurbinoHoj  BalofUh 
phyVia,  Caryophyllia,  Cyathitut), 

Amber  beds  of  Konigsberg— containing  a  bed  (4  to  5  feet)  of  glauconitic  sand, 
with  abundant  pieces  of  amber.  Tlie  latter,  derived  from  several  species  of 
conifers,  have  yielded  a  plentiful  series  of  insects,  arachnids,  and  myriapods, 
while  the  sands  contain  lower  Oligocene  marine  mollusca. 

Lower  Brown-coal  series — sands,  sandstones,  conglomerates,  and  clays  with  inter- 
stratified  varieties  of  brown-coal  (pitch-coal,  earthy  lignite,  paper-coal,  wax- 
coal,  &c.),  a  single  mass  of  which  sometimes  attains  a  thickness  of  100  feet  or 
more.  These  strata  may  be  traced  intermittently  over  a  wide  area  of  northern 
Germany.  The  flora  of  the  brown-coal  is  largely  composed  of  conifers 
(Taxites,  Taxoxyion,  Cnprcssitioxylon,  Sequoia,  &c.),  but  also  with  Qwrcus, 
Laurus,  Ciniiamomum,  Magiidia,  Dryandroides,  Ficus,  Sassafras,  Alnus,  Acer, 
Jiujlans,  Betnla,  and  palms  (Sibal,  Flabcllaria).  The  general  aspect  of  this 
flora  most  resembles  that  of  the  southern  states  of  North  America,  but  with 
relations  to  earlier  tropical  floras  having  Indian  and  Australian  affinities. 


u 
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»  Mourlon, 'Geol.  Belg.' 

*  Beyrich,  Monatshericht.  Ahad.  BeiUn,  1861,  p.  010;  1858,  p.  61,    A.  von  Kooneu, 
ZeiUch  DetUwh,  Geol.  Ge$»  xix.  (1867)  p.  23.    Crodner's  *  Geologic,'  6th  edit  p.  686. 
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Switserland.* — Nowhero  in  Europe  do  Oligooone  strata  play  so  important  a  part 
in  the  scenery  of  the  land,  or  present  on  the  ^rhole  so  interesting  and  fall  a  picture  of 
the  state  of  £an>pe  when  they  were  deposited,  as  in  Switzerland.  Bising  into  massive 
mountains,  as  in  the  well-known  Bigi  and  Bossberg,  they  attain  a  thickness  of  several 
thousand  feet.  While  they  include  proofs  of  tlie  presence  of  the  sea,  they  have 
preserved  with  marvellous  perfection  a  large  number  of  the  plants  which  clothed  the 
Alps,  and  of  the  insects  which  Hitted  througli  the  woodlands.  They  form  part  of  a 
great  series  of  deposits  which  have  been  termed  "  Molasse "  by  the  Swiss  geologists. 
The  Molasse  was  formerly  considered  to  be  entirely  Miocene.  The  lower  portions. 
Iiowever,  are  now  placed  on  the  same  parallel  with  the  Oligocene  beds  of  the  regions 
lying  to  the  north,  and  consist  of  the  following  subdivisions : — 

Lower  Brown-coal  or  red  Molasse  (Aquitanian  stage) — the  most  massive  member 
of  the  Molasse,  consisting  of  red  sandstones,  marls,  and  conglomerates  (Nagel- 
ilue)  *  with  well-rounded  mutually  indented  pebbles,  resting  upon  variegated  red 
marls.  It  contains  seams  of  lignite,  and  a  vast  abundance  of  terrestrial  vege- 
tation. 

Lower  marine  Molasse  (Tongrian  stage) — sandstone  containing  marine  and  brackish 
water  shells,  among  which  are  Ostrea  cyathuia,  0.  longirostris,  Cyrena  semx$triata^ 
Pectwiculus  obovaius^  Ccrithium plicatwn.    This  division  is  well  developed  between 
BAle  and  Berne. 

By  far  the  larger  portion  of  these  strata  is  of  lacustrine  origin.  They  must  have 
been  formed  in  a  large  lake,  the  area  of  which  probably  underwent  gradutd  subsidence 
during  the  period  of  deposition,  until  in  Miocene  times  the  sea  once  more  overflowed 
the  area.  We  may  form  some  idea  of  the  importance  of  the  lake  from  the  fact 
that  the  deposits  formed  in  its  waters  aro  upwards  of  9000  feet  thick.  Thanks 
to  the  untiring  labours  of  Professor  Heer,  we  know  more  of  the  vegetation  of  the 
mountains  round  that  lake,  during  Oligocene  and  Miocene  time,  than  we  do  of  that  of 
any  other  ancient  geological  period.  The  woods  were  marked  by  the  predominance  of 
an  arborescent  sub-tropical  vegetation,  among  which  evergreen  forms  were  conspicuous, 
the  whole  having  a  decidedly  American  aspect.  Among  the  plants  were  palms  of 
American  type,  the  Califomian  coniferous  genus  Sequoia,  alders,  birches,  figs,  laurels, 
cinnamon-trees,  evergreen  oaks,  with  many  other  kinds. 

Central  France. — Contemporaneously  with  the  existence  of  the  great  Swiss 
Tertiary  lake,  one  or  more  large  sheets  of  fresh  water  lay  in  the  heart  of  France, 
surrounded  by  slopes  clothed  with  a  tropical  flora.  In  these  basins,  a  series  of  marls 
and  limestones  (1500  feet  thick  in  the  Limagne  d'Auvergne)  accumulated,  from  which 
have  been  obtained  the  remains  of  nearly  100  species  of  mammals,  including  some 
pa1aH)theres,  like  those  of  the  Paris  basin,  a  few  genera  found  also  in  the  Mayenco 
basin,  crocodiles,  snakes,  numerous  birds,  and  relics  of  the  surrounding  land-vegetation 
of  the  time.  This  water-basin  appears  to  have  been  destroyed  by  volcanic  explosions, 
which  afterwards  poured  out  Ihe  great  sheets  of  lava,  and  formed  the  numerous  cones 
or  puya  so  conspicuous  on  the  plateau  of  Auvergne.  In  the  south  of  France,  the  Eoceno 
groups  are  sometimes  surmounted  by  lacustrine  or  brackish-water  beds  that  point  to  the 
retirement  of  the  nummulitic  sea,  and  the  advent  of  those  more  terrestrial  and  shallow- 
water  conditions  in  which  the  Oligocene  deposits  were  accumulated.  In  Provence, 
lacustrine  beds  {Phym,  FlanorhU,  JAmn»a,  Bulimu$,  &c.)  lie  immediately  upon  the 
upper  Cretaceous  rocks.  At  Aix  these  beds  have  long  been  noted  for  their  abundant 
plants  (jOalliirU  Brmgniarti,  Widdringlonia  hrachyphyUoy  FlabeUaria  lamanonii, 
Quercus,  LauruSf  CinnamomumX  insects  and  mammals  {PaJeeotheriumf  Xiphodon^ 
AtioploOieriiunj  ChoBropolamus). 

*  Studer's  *  Geologic  dcr  Schwciz,'  vol.  ii. ;  Hecr's  *  Urwelt  dor  Schweiz,*  1865  (an 
English  translation  of  which  by  Mr.  W.  S.  Dalbs  appeared  in  1876);  *  Flora  Fossilis 
HelvetisB.*  1854-9 ;  A.  Favre,  ♦Description  G^ologique  du  Canton  do  Geneve,'  1880, 
vol.  i.  p.  69. 

*  On  the  Nagelfluc  see  a  recent  note  by  Prof.  Bonney,  Geof,  Mag,  1883,  p.  51 1. 
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Vienna  Basin.* — This  area  contains  a  typical  series  of  Tertiary  deposits,  some- 
times  classed  together  as  **  Keogene."  At  the  bottom  lies  an  inconstant  group  of  marls 
and  sandstones  (Aquitanian  stage),  containing  occasional  seams  of  brown-coal  and  fresh- 
water bcdS)  but  with  intercalations  of  marine  strata.  The  marine  layers  contain 
Cerithium  plicatum^  C.  margaritiiceum,  &c.  The  brackish  and  fresh-wat^  beds  yield 
Melania  Eecheri  and  Cyreiia  lignitaria.  Among  the  vertebrates  are  Mastodon  angutU' 
dem,  M.  tapiroides,  Bhinoceros  santanieims,  Amphicyon  irUermediut,  AntkUherimm 
aurdianense,  and  numerous  turtles.  These  strata  haye  suffered  from  the  upheaval  of 
the  Alps,  and  may  be  seen  sometimes  standing  on  end.  It  is  interesting  also  to  observe 
that  the  subterranean  movements  east  of  the  Alps  culminated  in  the  ontponring  of 
enormous  sheets  of  trachyte,  andesite,  propylite,  and  basalt  in  Hungary  and  along  the 
iianks  of  the  Carpathian  chain  into  Transylvania.  The  volcanic  action  appears  to  have 
begun  during  the  Aquitanian  stage,  but  continued  into  later  stages.  Fiuther  coriooB 
changes  in  physical  geography  are  revealed  by  the  other  **  Neogene  "  deposits  of  south- 
eastern Europe.  Thus  in  Croatia,  the  Miocene  marls,  with  their  abundant  land-plants, 
insects,  &c.,  contain  two  beds  of  sulphur  (the  upper  4  to  16  inches  thick,  the  under  10 
to  15  inches),  which  have  been  worked  at  Badoboj.  At  Hrastreigg,  Bnchberg,  and  else- 
where, coal  is  worked  in  the  Aquitanian  stage  in  a  bed  sometimes  65  feet  thick.  In 
Transylvania,  and  along  the  base  of  the  Carpathian  Mountains,  extensive  masses  of 
rock-salt  and  gypsum  are  interstratified  in  the  '*  Neogene  "  formations. 

Italy. — Bocks  regarded  as  equivalent  to  the  Aquitanian  tage  of  Austria  and 
Switzerland  attain  an  enormous  development  in  Liguria,  where  they  are  believed  to  be 
more  than  9000  feet  thick.  They  consist  chiefly  of  sandy  beds  with  bands  of  marl  and 
shale,  and  contain  fragmentary  remains  of  land-plants.*  They  are  followed  by  Pliocene 
beds,  the  whole  having,  according  to  Mayer,  the  almost  incredible  thickness  of  somewhere 
about  23,600  feet. 

North  Amerioa.— Overlying  the  Jackson  beds  referred  to  on  p.  857  a  conformable 
group  of  strata  known  as  the  ''Yicksburg  beds"  (Orbitoitic)  occupies  a  narrow  band  in 
Alabama,  Mississippi,  and  Louisiana,  covers  the  greater  part  of  Florida,  and  extends 
into  Georgia  and  Texas.  These  beds  in  Mississippi  are  composed  of  a  lower  ferruginons 
rock  (Bed  Bluff)  12  feet  thick,  and  a  set  of  crystalline  limestones  and  blue  marls  (80  feet) 
resting  on  lignitic  clays  and  lignites  (20  feet).  Among  the  fossils  are  Ostrea  giganUa^ 
Ve^sten  PouUonif  Cardium  dtver«ttm,  Cardita  planioostei,  Panoptea  oblongata^  Cyprxa 
lirUea,  Mitra  mtsnmppienMy  CasHdaria  lintea,  Conus  sauridenSf  Madrepora  mdsnmippieH' 
8i$y  FlaheUum  WaUeni,  Orhitoides  ManteUi.  The  last-named  fossil  is  specially  charac- 
teristic, and  is  found  also  in  the  West  Indies,  Malta,  and  the  Turco-Persian  frontier. 

Section  iii.  Miocene. 

§  1.  General  Characters. 

Tlie  European  Miocene  deposits  reveal  great  changes  in  the  geo- 
graphy of  the  Continent  as  compared  with  its  condition  in  earlier 
Tertiary  time.  So  far  as  yet  known,  Britain  was  a  land  surface  daring 
the  Miocene  period ;  but  a  shallow  sea  extended  towards  the  south-east 
and  south,  covering  the  lowlands  of  Belgium  and  the  basin  of  the  Loirei 
and  spreading  over  the  south  of  France  so  as  to  connect  the  Atlantic 
Ocean,  north  of  Spain,  with  the  Mediterranean.  It  may  have  been  an 
extension  of  the  same  sea  that  swept  along  the  northern  base  of  the  now 

*  Sucss,  *  Dor  Bodcn  von  Wien,*  1860.  Th,  Fuchs,  •  Erlauterungon  zur  Geol.  Karte 
dcr  Umgebungen  Wiens/  1873;  and  papers  in  Zeiisch.  Dettisch,  Geol.  Gttel,  1877 
(p.  653) ;  Jahrb,  Geol  ReichsanH,  vols,  xviii.  ei  seq.    Von  Hauor's  •  Geologic.' 

•  C.  Mayer,  Bull.  Sac.  G4ol  France  (3)  v.  (1877)  pp.  287,  295. 
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uplifted  Ali»,  sending  a  long  arm  into  the  valley  of  the  Bhine  as  far  as 
the  site  of  Hainz,  which  then  probably  stood  at  the  upper  end,  the  valley 
draining  sonthward  instead  of  northward.  From  the  Miocene  firth  of 
the  Bhine,  a  sea-strait  ran  eastwards,  between  the  base  of  the  Alps  and 
the  line  of  the  Danube,  filling  np  the  wide  basin  of  Vienna  and  spreading 
far  and  wide  among  the  islands  of  south-eastern  Europe. 

Among  the  revolutions  of  the  time  not  the  least  important  in 
European  get^raphy  was  the  continued  uprise  of  the  Alps  by  which  the 
Eooeue  strata  had  been  so  convoluted  and  overthrown.  These  distnr- 
hances  still  wont  on  in  a  diminiehed  degree  in  Miocene  time.  One  of 
their  results  was  the  restoration  and  extension  of  the  wide  lake  or  chain 
uf  lakes,  over  the  northern  or  molasso  region  of  Switzerland,  in  which 
the  rod  molaaee  of  Oligoceno  time  had  been  doposited.  The  lacustrine 
deposits  acoumulated  there  have  pi-eservod  with  remarkable  fulness  a 
record  of  the  terrestrial  flora  and  fauna  of  the  time. 


Hi  LlqakUmtac  ouniwaiiu  BnDD. 


I'he  flora  indicates  a  decidedly  tropical  climate  in  the  earlier  part 
of  the  Uiocene  period  in  Europe,  many  of  the  plants  having  their 
nearest  modem  representatives  in  India  and  Australia.^  Among  the  more 
oharacteristic  genera  are  Sahal,  Phcenicites,  lAbocedrui,  Sequoia,  Myrica, 
Qtierciu,  FicM,  Laurua,  Cinnamomum,  Daphne,  Persaonia,  Banktia,  Dry- 
andra,  Ctanw,  Magnolia,  Acer,  Hex,  Bhamnw,  Juglant,  Shtu,  Myriva, 
Mimosa,  and  Acacia.  In  the  later  part  of  the  period,  the  climate,  if  we 
may  judge  from  the  character  of  the  flora,  had  become  more  tempe- 
ittto;  for  among  the  more  frequent  plants  are  species  of  Glsplottrobut, 
Belttla,  Populua,  Carpiniu,  Ulmut,  Launa,  Pcrtea,  Ilex,  Podo</onium,  and 
Polamogelon.' 

The  fauna  affords  somewhat  similar  dimatal  indications.  There 
occur  such  sholls  as  Aiunllaria,  Buednitm,  Cancellaria,  Cattti,  Cyprwa, 
Milra,  JSwex,  PyruUi,  StrtmAat,  Terehra,  Area,  Cardila,  Cardium,  CytKerea, 

■  Hecr, '  Urw«lt  dcr  Bdiireiz ' ;  '  Flora  Fosiilis  HcItcUic.' 
<  Bapoftn, '  Hondc  dca  Planti'i,'  p.  2711, 
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Mactra,  0»trea,  Panopxa,Pecten,  Peclnnevlvs,  Spondgliu,  Tapes,  TeU»iw,&o, 
(Fig,  415).  The  mammalian  forms  present  many  points  of  oontraet  with 
those  of  older  Tertiary  time.    Proboscideana  now  take  a  foremost  plaoe. 


Among  the  more  important  generic  types  of  the  time  are  the  colossal 
Mattodon  (Fig.  416)  and  Deinotherium  (Fig.  417),  the  latter  having  lusks 
curving  downwards  from  the  lower  jaw.  With  these  are  associateil 
Jiliiiiocerog,  of  which  a  hornless  and  a  feebly  homed  species  have  been  noted ; 


Fig.  4i{.— UMtodcm  iDgoiiUdcn^  Owen, 
m  b]r  H.  OsTidrr. 


Anchilherium,  a  small  horse-like  animal,  about  aa  big  as  a  sheep,  aurviving 
from  earlier  Tertiary  time ;  Macrolherium,  a  huge  ant-eater  ;  JHcroeerat, 
a  deer  allied  to  the  living  muntjak  of  eastern  Asia,  HgoAerium,  an 
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animal  nearly  related  to  the  hog,  and  the  tall  giraffe-like  Helladotherium 
(Fig.  418)  described  by  M.  Qaudry  from  Attica.  A  number  of  living 
genera  likewise  made  their  entry  upon  the  scene,  such  as  the  hog,  otter, 
antelope,  beaver,  vole,  and  cat.  Some  of  the  most  formidable  animals 
were  the  sabre-toothed  lions  (Machairodus),  and  the  earliest  form  of  bear 


Fig.  417.— DeJnotliorium  glgantcum,  Ivaiip.,  reduced. 

(Hysgnarctos).  The  Miocene  forests  were  also  tenanted  by  apes,  of  which 
several  genera  have  been  detected.  Of  these,  PUopitJtecus  was  probably 
allied  to  the  anthropoid  apes;  Dryopithecus  (Fig.  419)  may  have  been 
an  anthropoid  form,  but  is  regarded  by  Owen  as  allied  to  the  living 
gibbons ;  OreopithecJis  is  supposed  to  have  had  affinities  with  the  anthro- 


Fig.  418^-Helladotherinin  Duvernoyl,  Qandry  (^\,-). 

poid  apes,  macaques,  and  baboons ;  and  a  species  of  Colohus  is  found  in 
Wurtomberg.^ 

Considerable  uncertainty  must  be  admitted  to  rest  u\K)n  the  correla- 
tion of  the  later  Tertiary  deposits  in  different  parts  of  Europe.     In  many 


»  Gaudry,  *  Les  Enclmtnemonta,*  p.  306 ;  Boyd  Dawkins,  *  Early  Man  in  Britain,' 
p.  57. 
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cases,  their  stratigFaphical  relations  are  too  obscure  to  famish  any  cine, 
and  their  identification  has  therefore  to  be  made  by  means  of  fossil 
evidence.  But  this  evidence  is  occasionally  contradictory.  For  example, 
the  remarkable  mammalian  faima  described  by  M.  Gaudry  from  Fikermi 
in  Attica  (jpoatea^  p.  883)  has  so  many  points  of  conhection  with  the  recog- 
nised Miocene  fauna  of  other  European  localities,  that  this  observer  classed 


Fig.  419.— Jaw  of  Dryopithecus  FontanU  Gaudry  (f). 

it  also  as  Miocene.  He  has  pointed  out,  however,  that  in  a  shell-bearing 
bed  underlying  the  ossiferous  deposit  of  Pikermi  some  characteristic 
Pliocene  species  of  marine  mollusca  occur.  Bemembering  how  deceptive 
sometimes  is  the  chronological  evidence  of  terrestrial  faunas  and  floras, 
we  may  here  take  marine  shells  as  our  guide,  and  place  the  Fikermi  lieds 
in  the  Pliocene  series. 


§  2.  Local  Development. 

France. — True  liiocone  deposits  are  not  known  to  occur  in  Britain.  In  France* 
however,  in  the  district  known  as  Touraine,  traversed  by  the  rivers  Loire,  Indre,  and 
Cher,  there  occurs  a  group  of  shelly  sands  and  marls,  which,  as  far  back  aa  18S3,  was 
selected  by  Lyell  as  the  type  of  his  Miocene  sabdivision.  These  strata  occur  in  widely 
extended  but  isolated  patches,  rarely  more  than  fifty  feet  thick,  and  are  better  known 
as  "Faluns/'  having  long  been  used  as  a  fertilising  material  for  spreading  over  the  soil. 
They  present  the  characters  of  littoral  and  shallow- water  marine  deposits,  consisting 
sometimes  of  a  kind  of  coarse  breccia  of  shells,  shell-Aragments,  corals,  polyzoa,  &o., 
occasionally  mixed  with  quartz-sand,  and  now  and  then  passing  into  a  more  oompaet 
calcareous  mass  or  even  into  limestone.  Along  a  line  that  may  have  been  near  the 
coast^line  of  the  period,  a  few  land  and  fresh-water  shells,  together  with  bones  of  tenes- 
trial  mammals,  are  found,  but,  with  these  exceptions,  the  fauna  is  throughout  marine. 
Among  the  iossils  are  numerous  corals,  and  upwards  of  800  species  of  mollusks,  of 
which  the  following  are  characteristic:  Fholas  Dujardini^  Venus  eUUhratOj  Cardium 
turonicumt  Cardita  affinUy  Troehui  incrcusatus,  CerHhium  intradenUUumf  Turritetta 
Linnsei,  with  species  of  Cyprxa^  Chwm,  Murex,  Olivay  AnciUaria,  and  FasciolariiL 
Tliis  assemblage  of  shells  indicates  a  warmer  climate  than  that  of  southern  Europe 
at  the  present  time.  The  mammalian  bones  include  the  genera  Mastodon^  Rhinoeerot^ 
IlippopotamuSj  Chceropotamw,  deer,  &c.,  and  extinct  species  of  cetaceans,  such  as  morse , 
sea-calf,  dolphin,  and  lamantin. 

In  the  region  of  Bordeaux  and  southward  to  the  base  of  the  Pyrenees,  a  large  area 
is  overspread  with  Oligocene  deposits,  equivalents  of  the  younger  Tertiary  series  of  the 
Paris  basin.  Above  these  fresh-water  and  marine  beds  lie  patches  of  faluns  like  those 
of  Touraine.  From  the  Miocene  beds  of  other  tracts  of  the  south  of  France  (notably 
from  those  of  Sansan  and  Simorre)  remains  of  numerous  interesting  mammalia  have 
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been  obtained.  Among  these  are  Deinotherium  giganteum^  Mastodon  angmtidenn,  M, 
tapiroide$,  M.  pyrenaieus,  Bhinoceros  Sehleiermacheri,  B.  sansaniennB,  B,  hrachypus, 
Anehiiherium  aurelianerue,  Anthracolherium  onoideum^  Amphicyon  gigarUeui,  Machairodu9 
euUridens,  HeUadotherium  Duvemoyi,  Dioroceras  eleganSy  and  seyeral  apes  and  monkeys 
{PUopitheeus,  Dryopiihectui), 

The  Miocene  deposits  of  France,  though  scattered  in  isolated  patches,  have  been 
grouped  into  three  stages  in  the  following  ascending  order:  Ist,  Mayencian — sands 
and  marls  (l^Orl^nais,  Sologne,  &c.)i  limestones  (Sansan,  Simorre) ;  2nd,  Helvetian — 
shelly  sands,  faluns  (Toiiraine,  Anjou,  Aquitame) ;  3rd,  Tortonian— marls  with  Helix 
fKfonensU, 

Belgium. — In  this  oonntry,  the  upper  Oligocene  strata  of  Germany  are  absent. 
In  the  neighbourhood  of  Antwerp  certain  black,  grey,  or  greenish  glauoonitic  sands 
(''  Black  Crag  "),  which  in  palsdontological  characters  have  both  Miocene  and  Pliocene 
affinities,  have  been  termed  by  some  geologists  Mio-pliocene.  They  are  regarded  as 
divisible,  in  ascending  order,  into :  Ist,  gravelly  sands  with  cetacean  bones  {HeteroeetusX 
Ash-teeth,  Ogtrea  navicular is^  Pecten  Caillaudi,  &g,  ;  2nd,  sands  with  Pectuneulim 
glyeimerU  (ptlosw) ;  Srd,  Sands  with  Panopiea  FaujaHi  (Menardi),  The  two  lower 
subdivisions  may  be  equivalents  of  part  of  the  faluns  of  Bordeaux,  &o. 

Malna  BaJsin^—In  this  area  an  important  series  of  marine,  brackish,  and  fresh- 
water deposits  oocur,  which  have  been  arranged  by  Fridolin  Sandberger  as  follows :  *— 

Pliocene — 

Uppermost  brown-coal. 

Bone-sand  of  Eppelsheim  (Deinotherium  sand),  see  p.  881. 
Miocene — 

Clay,  sand,  &c.,  with  leaves. 

Limestone  with  lAtorinella  acuta. 

Corbicnla  beds  with  Cof^ncula  Faujasii. 

Cerithium  limestone  and  land-snail  limestone. 

Sandstone  with  leaves  {Cinnamomumy  Sabai,  Queixus,  Uhnwi). 
Oligocene — 

Cyrena  marl  {Cyrena  semistriaia,  Cerithium  plicatum^  C.  margaritaceum). 

Septaria  clay  with  Leda  deshayesiana. 

Marine  sand  of  Weinheim  with  Ostrea  callifera^  Natica  crassatina. 

The  lower  Miocene  beds  of  this  area  present  much  local  variation,  some  beds  being 
fnll  of  terrestrial  plants,  some  containing  fresh-water,  and  others  brackish-water  and 
marine  shells.  Among  the  plants  are  species  of  QuercuSy  UlmuSt  Planera,  Cinnamomum, 
Myriooy  Sahaly  &c.  The  land-snail  limestone  contains  numerous  species  of  Helix  and 
Pupa,  with  Cyclostoma  and  Planorhis.  The  Cerithium  limestone  contains  marine  shells, 
as  Pema,  Mytilus,  Cerithium  (C  Bahtii,  C.  plicatum\  Nerita.  Among  the  various  strata, 
bones  of  some  of  the  terrestrial  mammals  of  the  time  occur  (Microtherium^  Paheomeryx). 
The  Litorinella  limestone,  the  most  extensive  bed  in  the  series,  is  composed  of  lime- 
stone, marl,  and  shale,  sometimes  made  up  of  Litorinella  acuta,  in  other  places  of  Dreisseua 
{Tichogonia,  Congerid)  Brardi,  or  Mytilus  Faujasii.  Abundant  land  and  firesh-water 
shells  also  occur.  Of  greater  interest  are  the  mammalian  remains,  which  include  those 
of  Deinotherium  giganteum,  Pcdxomeryx,  Mierotherium,  and  Hippotherium.  The  flora 
of  the  higher  parts  of  the  Miocene  series  includes  several  species  of  oak  and  beech, 
also  varieties  of  evergreen  oak,  magnolia,  acacia,  styrax,  fig,  vine,  cypress,  and  palm. 

Vienna  Basin.* — Overlying  the  Aquitanian  stage  (p.  866),  where  that  is  present,  in 
other  cases  resting  unconformably  upon  older  Tertiary  rocks,  come  the  younger  Tertiary 
or  Keogene  deposits  of  the  Vienna  basin — a  large  area  comprising  the  vast  depression 
Ix'twi'en  the  foot  of  the  eastern  Alps  near  Vienna,  the  base  of  the  plateau  of  Bohemia 

**  Untersuchungen  liber  das  Mainzer  Tertiarbecken,*  1853 ;  *Die  Conchylien  des 
Mainzer  Terti'arbeckens,*  1863. 

*  T.  Fuchs,  Z.  Deutsch.  Oeol.  Ges.  1877,  p.  653 ;  Homes  and  Partsch,  '  Die  Fossil. 
Mollusken  Tertiiir.  Beckens,'  Wien,  1851-1870;  Ettingshausen.  *T)\e  TertiArfloren  d. 
Oosterr.  Mouarohie,'  1851 ;  Von  Hauer's  *  Goologie,'  p.  617. 
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and  Moravia,  and  the  western  slopes  of  the  Carpathians.  This  tract  commnnicateil 
with  the  open  Miocene  sea  by  various  openings  in  different  directions.  Its  Miocene 
deposits  are  composed  of  two  chief  divisions  or  stages  as  follows,  in  descending  order : — 

Sarraatianor  Cerithium  Stag e. — Sandstones  passing  into  sandy  limestones 
and  clays,  or  *'  Tegel ''  (the  local  name  for  a  calcareous  clay).  According  to  Fnchs, 
the  following  subdivisions  occur  around  Vienna : — 

Upper  Sarmatian  Tegel,  or  Muscheltegel— distini^uishable  from  the  Henials  Tegel 
below  by  an  abundance  of  shells  {Tapes  gregariOy  EfxUia^  Cardium,  &c.),  295  feet. 

Cerithiura-sand — a  yellow,  abundantly  shell-bearing,  quartz-sand — ^the  main 
source  of  water-supply  at  Vienna,  where  it  is  sometimes  nearly  500  feet  thick. 

Hemals  Tegel — sand  and  gravel,  with  Centhium^  JOssoa^  PaludmOf  remains  of 
turtles,  fish,  and  land  plants. 

The  Sarmatian  stage  is  characterised  by  the  prodigious  number  of  individuals 
of  a  comparatively  small  number  of  species  of  shells,  of  which  some  of  the  most 
characteristic  forms  are  Tapes  gregaria  (Fig.  415),  Mactra  podoika,  Eroiiia  podoiicOj  * 
Cerithium  pictuni,  C,  mbiginosum^  Buccintim  baccatunij  Trochtu  podolicus,  Murex 
sublxvatus.  The  general  character  of  the  fauna  is  that  of  a  temperate  climate,  and 
is  strongly  contrasted  with  that  of  the  Mediterranean  stage  in  the  absence  of  the 
affmities  with  tropical  or  sub-tropical  forms,  and  even  with  those  of  the  present 
Mediterranean,  and  on  the  other  hand  in  some  curious  analogies  with  the  liring 
fauna  of  the  Black  Sea.  Gorals,  echinoderms,  bryozoa,  foraminifera  are.  absent  or 
very  rare,  and  the  suggestion  has  been  made  that  the  change  of  the  earlier 
Mediterranean  fauna  into  that  of  the  Sarmatian  stage  points  to  a  gradual  diminu- 
tion of  the  salinity  of  the  waters  of  the  Vienna  basin,  as  has  happened  with  the 
existing  Black  Sea.  The  terrestrial  dora  is  characterised  by  some  plants  that 
survived  from  the  earlier  or  Mediterranean  stage  ;  but  palms  are  entirely  absent, 
and  the  American  element  in  the  flora  is  no  longer  surpassed  by  the  preponderance 
of  Asiatic  types. 
Mediterranean  or  Marine  Stag  e. — A  group  of  strata  varying  greatly  from 
place  to  place  in  petrographical  characters,  with  corresponding  differences  in  fos&il 
contents.     Among  the  more  important  types  of  rock  the  following  may  be  named  : 

I^ithakalk,  a  limestone  often  entirely  composed  of  organisms,  and  especially  of 
reef-building  corals,  also  bryozoa,  foraminifei-a,  echini  (large  clypeasters,  ftcX  large 
oysters  {Pecten  iatissimus  is  specially  characteristic),  bones  of  mammals,  and 
sharks'  teeth.  The  Leithakalk  paases  frequently  into  sandy  and  marly  beds,  and 
into  massive  conglomeratic  deposits  (Leithakalk-schotter  or  conglomerate). 

Tegel  of  Baden — flne  blue  clay,  richly  charged  with  shells,  especially  gasteropods 
{Pleurotoma^  CaruxUaricL,  Fusus,  &c.)  and  foraminifera. 

Marl  of  Gainfahren,  Orinzing,  Nussdorf,  Ac. — more  calcareous  than  the  Baden 
Tegel. 

Sand  of  Pdtzleinsdorf— a  fine  loose  sand  with  Teilina,  Fsammdbia,  and  many 
other  lamellibranchs. 

Sandstone  of  Sievering  with  many  lamellibranchs,  especially  pectens  and  oysters. 

These  various  strata  are  believed  to  represent  different  conditions  of  deposit  in 
the  area  of  the  Vienna  basin  during  the  time  of  the  Mediterranean  stage.  With 
them  are  grouped  certain  fresh-water  beds  (brown-coals,  Ac),  found  along  ihe 
margin  of  the  basin,  which  are  supposed  to  mark  some  of  the  terrestrial  accumulations 
of  the  period. 

The  characteristically  marine  fauna  of  this  stage  is  abundant  and  varied.  It 
presents  as  a  whole  a  more  tropical  character  than  that  of  the  Sarmatian  stage 
above.  Of  its  molluscan  genera,  (of  which  more  than  1000  species  have  been 
described,)  some  of  the  more  characteristic  are :  Conus,  Oiiva,  CyprsBO^  VolutOj  MUra, 
Cassis^  StromfmSfjyitonj  Murex^  Fleurotoma,  Cerithium,  Spondt/hs,  Pinna,  Fectuneulns, 
Cardita,  Venus,  A  number  of  the  species  still  live  in  the  Mediterranean,  or  ia  the  seas 
off  the  West  Coast  of  Africa.  The  abundant  flora,  with  its  various  kinds  of  palms, 
had  also  a  tropical  aspect,  somewhat  like  those  of  India  and  Australia. 

Switaerland.— Immediately  succeeding  the  strata  described  on  p.  865,  as  referable 
to  the  Oligocene  series,  come  the  following  groups  in  descending  order : 

Upper  fresh-water  Molasse  and  brown-coal  (Oeningen  or  Tortonian  stage),  consisting 
of  sandstones,  marls,  and  limestones,  with  a  few  lignite-seams  and  fresh-water 
shells,  and  including  the  remarkable  group  of  plant-  and  insect-bearing  beds  of 
Oeningen. 
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Upper  marine  Molassc  (Helvetian  stage) — sandstones  and  calcareous  conglomerates^ 
with  37  per  cent,  of  living  species  of  shells,  which  are  to  be  found  partly  in  the 
,  Mediterranean,  and  partly   in  tropical  seas:   Feciunculus  glycimeris  (pihius), 

Panopaa  Faujasii  (^MenardC)^  Conua  ventricosus,  &c. 
r^wer  fresh-water  or  Grey  Molasse  (Mainz  stage,  Mayencian) — sandstones  with 
abundant  remains  of  terrestrial  vegetation,  and  containing  also  an  intercalated 
marine  band  with  Cerithium  lignitarvun,  Venus  clathrata^  Murex  plicatus,  &c. 

In  the  Oeningon  beds,  so  gently  have  the  leaves,  flowers,  and  fruits  fallen,  and  so 
well  have  they  been  pre8crve<l,  that  we  may  actually  trace  the  alternation  of  the  seasons 
by  the  succession  of  different  conditions  of  the  plants.  Selecting  482  of  those  plants 
which  admit  of  comparison,  Heer  remarks  that  131  might  be  referred  to  a  temperate, 
266  to  a  sub-tropical,  and  85  to  a  tropical  zone.  American  types  are  most  frequent  among 
them ;  European  types  stand  next  in  number,  followed  in  order  of  abundance  by  Asiatic, 
African,  and  Australian.  Great  numbers  of  insects  (between  800  and  900  species)  have 
been  obtained  from  Oeningen.  Judging  from  the  proportions  of  species  found  there,  tho 
total  insect  fauna  may  be  presumed  to  have  been  then  richer  in  some  respects  than  it 
now  is  in  any  part  of  Europe.  The  wood-beetles  were  specially  numerous  and  large. 
Nor  did  the  large  animals  of  the  land  escape  preservation  in  the  silt  of  the  lake.  Wo 
know,  from  bones  found  in  the  Molasse,  that  among  the  inhabitants  of  that  land  were 
species  of  tapir,  mastodon,  rhinoceros,  and  deer.  The  woods  were  haunted  by  musk- 
deer,  apes,  opossums,  three-toed  horses,  and  some  of  the  strange,  long-extinct  Tertiary 
ruminants,  akin  to  those  of  Eocene  times.  There  were  also  frogs,  toads,  lizards,  snakes 
squirrels,  hares,  beavers,  and  a  number  of  small  carnivores.  On  the  lake,  the  huge 
Deinotlierium  floated,  mooring  himself  perhaps  to  its  banks  by  the  two  stroig  tusks  in 
his  under  jaw.  The  waters  were  likewise  tenanted  by  numerous  (fishes  of  which  32 
species  have  been  described,  all  save  one  referable  to  existing  genera),  crocodiles,  and 
chclonians. 

Italy. — The  enormous  Aquitanian  stage  of  Liguria  (p.  860)  is  followed  by  (1)  blue 
homogeneous  marine  marls,  reaching  a  depth  of  about  5000  feet  and  marked  by  the 
abundance  of  pteropods,also  Osirea  neglecta,  Cassidariavulgaris^  and  Aturia  aturi.  This 
stage,  called  by  Mayer  "  Langhicn,**  is  paralleled  with  that  of  Mainz.  It  is  surmounted 
by  (2)  the  Helvetian  stage,  composed  of  three  divisions:  a  lower  (1000  to  1300  feet) 
composed  of  shaly  marls  rich  in  VagineUa,  Cleodora,  &o. ;  a  middle  (700  to  750  feet) 
consisting  of  yellowish  sandy  molasse  with  bryozoa,  Pecten  ventHabrum,  TerebratuJa 
mioeenica,  &c, ;  and  an  upper  (more  than  300  feet)  composed  of  beds  of  conglomerate 
and  nullipores,  with  oysters,  pectens,  &c.  The  Tortoniau  stage  (3)  is  made  up  blue 
marls,  reaching  the  great  thickness  of  3000  feet,  and  forming  a  remarkably  constant 
band,  with  a  profusion  of  Pleurotomaria  and  species  of  Conus,  Naiiea,  AnciUariaf  A'c' 

Greenland.^ — One  of  the  most  remarkable  geolog^'cal  discoveries  of  recent  times 
has  been  that  of  Tertiary  plant-beds  in  North  Greenland  Heer  has  desoribed  a  flora 
extending  at  least  up  to  70^  N.  lat.,  containing  137  species,  of  which  46  are  found  also 
iu  the  central  European  Miocene  basins.  More  than  half  of  the  plants  are  trees,  in- 
cluding 30  species  of  conifers  {Sequoia^  Thujopsu,  SalUhuria,  &c.),  besides  beeches,  oaks, 
planes,  poplars,  maples,  walnuts,  limes,  magnolias,  and  many  more.  These  plants  grew 
on  the  spot,  for  their  fruits  in  various  stages  of  growth  have  been  obtained  from  the  beds. 
From  Spitzbergen  (78°  56'  N.  lat)  136  species  of  fossil  plants  have  been  named  by 
Heer.  But  the  latest  English  Arctic  expedition  brought  to  light  a  bed  of  coal,  bhick 
and  lustrous  like  one  of  the  Pal»ozoio  fuels,  from  81°  45'  N.  lut  It  is  from  25  to  30  feet 
thick,  and  is  covered  by  black  shales  and  sandstones  full  of  land-plants.  Heer  notices 
80  species,  12  of  which  had  already  been  found  in  the  Arctic  Miocene  zone.    As  in 


«  C.  Maver,  JSufl.  Soc.  Geol  France  (3)  v.  p.  288. 

«  Heer,  *'Flora  Fossilis  Arctica,*  in  seven  vols.,  1868-1 883 ;  Q.  J,  Geol  Soc,  1 878,  p.  66  ; 
Nordenskiold,  Oeol,  Mag,  iii.  (1876),  p.  207.  In  this  paper  sections,  with  lists  of  the 
plants  found  in  Bpitzbergeii,  are  given. 
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Spitzbergon,  the  oonifen  are  most  numerous  (pines,  firs,  spraces  and  cypreasesX  l>ut 
there  occur  also  the  Arctic  poplar,  two  species  of  birch,  two  of  hazel,  an  elm,  and  a  ylbnr- 
nnm.  In  addition  to  these  terrestrial  trees  and  shrubs,  the  lacustrine  waters  of  the  time 
bore  water-lilies,  while  their  banks  were  clothed  with  reeds  and  sedges.  When  we 
remember  that  this  vegetation  grew  luxuriantly  within  8°  15'  of  the  North  Pole,  in  a 
region  which  is  in  darkness  for  half  of  the  year,  and  is  now  almost  oontinnouBly  buried 
under  snow  and  ice,  we  can  realise  the  difficulty  of  the  problem  in  the  distribution  of 
climate  which  these  facts  present  to  the  geologist. 

India. — The  Oligooene  and  Bliocene  deposits  of  Europe  have  not  been  satis&etorily 
traced  in  Asia.  As  already  stated,  the  upper  part  of  the  massiye  Karl  group  of  Bind 
may  represent  some  part  of  these  strata.  The  Narl  group  is  succeeded  in  the  same 
region  by  the  Gtoj  group  1000  to  1500  feet  thick,  chiefly  compoeod  of  marine  sands, 
shales,  clays  with  gypsum,  sandstones,  and  highly  fossiliferous  bands  of  limestone. 
The  commonest  fossils  are  Oslrea  mtUtieostatat  and  the  urchin  Breynia  earinata. 
Some  of  the  species  are  still  living,  and  the  whole  aspect  of  the  fauna  shows  it  to  be 
later  than  Eocene  time.  The  uppermost  beds  are  clays  with  gypsum,  containing 
estuarine  shells  and  forming  a  passage  into  the  important  Manchhar  strata.  The 
Manchhar  group  of  Bind  consists  of  clays,  sandstones,  and  conglomerates,  sometimes 
probably  10,000  feet  thick,  divisible  into  two  sections,  of  which  the  lower  may  possibly 
be  I^Iioceno,  while  the  upper_may  represent  the  Pliocene  Siwalik  beds  (p.  884).  As  a 
whole,  this  massive  group  of  strata  is  singularly  unfossilifcrous,  the  only  organisms 
of  any  importance  yet  found  in  it  being  mammalian  bones,  of  which  22  or  more 
species  have  been  recognised.  All  of  these  occur  in  the  lower  section  of  the  group. 
They  include  the  carnivore  Amphiey<m  palmindieus,  three  species  of  Mtuiodon,  one  of 
Deinoiheriwn,  two  of  Bhinocero9,  also  one  of  StUj  CkdUcotherium,  An^raeotheriwn, 
Hyopotamus,  Hyotheriwn^  Dorcatherium  (two),  Minis,  a  crocodile,  a  chelonian,  and  an 
ophidian.* 

North  Amerioa. — Overlying  the  Eocene  beds  (p.  857),  and  following  in  a  general 
way  their  trend,  but  sometimes  with  a  slight  unconformability,  a  belt  of  marine  deposits, 
referred  to  the  liiocene  period,  runs  along  the  Atlantic  border  through  the  states  of  New 
Jersey,  Delaware,  Maryland,  Virginia,  North  and  South  Carolina,  and  Georgia.  Tliesc 
strata  ('*  Yorktown  "  and  **  Sumpter"  groups  of  Dana)  have  recently  been  classified  by 
A.  Heilprin  as  follows :  8,  Upper  or  Carolinian  (North  and  South  California,  Sumpter 
beds).  2,  Middle  or  Yirginian  (Virginia  and  newer  group  in  Maryland ;  Torktown  beds, 
in  part).  One  of  the  most  interesting  members  of  this  subdivision  is  the  ^  Bichniond 
earth,"  a  diatomaceous  deposit,  sometimes  80  feet  thick,  lying  near  the  base  of  the  group. 
1,  Lower  or  Marylandian  (older  Miocene  deposits  of  Maryland  and  possibly  lower  beds 
in  Virginia ;  Yorktown  beds,  in  part).' 

Westward,  in  the  Upper  Missouri  region,  and  across  the  Rocky  Mountains  into  Utah 
and  adjacent  Territories,  strata  assigned  to  the  same  geological  period  have  been 
termed  the  White  River  group.  They  were  laid  down  in  great  lakes,  and  attain  thick- 
nesses of  1000  to  2000  feet.  The  organic  remains  of  these  ancient  lakes,  so  well  studied 
1)y  Leidy,  Marsh,  and  Cope,  embrace  examples  of  three-toed  horses  {Anchitherium, 
Miohippus,  Metohippu8)y  tapir-like  animals,  differing  from  those  of  the  older  Tertiary 
strata  (Lophiodon);  hogs  as  large  as  rhinoceroses  (Eloiherium);  true  rhinoceroses 
(RhinoceroSf  Hyracodon,  IHeeralherium%  huge  elephantoid  creatures  allied  to  the 
Dcinoceras  and  tapir  {Brontotheriumj  Titanotherium) ;  also  even-toed  ruminant  ungu- 
lates, some  allied  to  the  hog  (flreodonU)^  others  like  stags  {LepUnneryx)  and  camels 
{VoUtroiheriumy  Protomeryx);  carnivores  (Cfcrnw,  Amphicymif  Maehairodug,  Hyasnodon), 
several  of  which  are  generically  identical  with  European  Tertiary  wolves,  lions,  anil 
boars.    Among  tlie  smaller  forms  are  the  remains  of   the  earliest  known  beiveis 

*  Medlicott  and  Blanford's  *  G^eolopry  of  Indin,*  p.  472. 

*  A.  Heilprin,  as  cited  on  p.  81.3. 
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TStew  Zealand.— Rocb  aaaigned  to  Miocene  time  in  Nev  Zealand  are  diviaiblo 
into :  Irt,  A  lower  eeiles,  oanBiating  of  oaloaieous  and  argillaceonB  strata  videl;  spread 
OTer  tbe  Mat  and  central  part  of  the  North  Island  and  both  sides  of  the  South  Idand. 
They  oan  be  traced  to  a  height  of  2SO0  feet  above  the  ofA.  Marine  shells  abonnd  in 
them,  ineluding  05  species  vhich  are  found  among  the  490  shells  that  now  lire  in  tlie 
adjacent  seas.  Some  of  the  most  notable  fossils  are  Dentidium  irregvUtre,  FUurolojiui 
avamoamni,  Coaut  Trailli,  TurrileUa  giganl^a,  Bucciaum  Bobituoni,  CuaiUea  aUa.  la 
some  places  thick  deposita  of  an  inferior  kind  of  brown-ooal  ocenr  in  this  snbdinsion. 
2nd,  An  npper  series  composed  of  littoral  or  sub-littoral  accumulations  of  aand,  gntTel, 
and  clay.  Thsy  have  yielded  ISO  reoeut  species  of  shetla,  and  25  species  which  appear 
now  to  bo  extinct.  Specially  oheraoteriatio  are  0»trea  ingent,  Mimx  oelagontu,  Fiuntt 
Iriton,  StmOiiolnrin  cingvlata,  ChioM  atiimilit,  Peckn  gemmiilalut.' 

Section  Iv.    FUooene. 
§1,  General  GharBcters. 

The  tondency  towardB  local  and  Yariablo  development,  whioli  is 
increasingly  observable  as  we  ascend  through  the  series  of  Tertiary 
deposits,  reaches  its  culmination  in  those  to  which  the  name  of  Plio- 
cene has  been  given.    The  only  European  area,  in  which  Pliocene  strata 


attain  any  considernble  dimensions  as  rock-masses,  is  in  tlie  basin  of  the 
Mediterranean,  especially  along  both  sides  of  the  Apennine  chain  and  in 
yicily.  In  that  region,  reaching  a  thickness  of  several  thousand  feet, 
thoy  were  accumulated  during  a  slow  depression  of  the  sea-bottom,  and 
their  growth  was  bronght  to  au  end  by  the  subterranean  niovements 
which  culminated  in  the  outbreak  of  Etna,  Vesuvius,  and  the  other  late 
Tertiary  Italian  volcanoes,  and  in  the  uprise  of  the  land  between  the 

'  Hector, '  Handbook  of  New  Zealand,'  p.  27. 
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Fig.    421.  —  Elepbas 
nieiidionalis,  >leeti. 

Crown  of  molar  (J). 


base  of  tho  Apennines  and  the  sea  on  either  side  of  the  peninsula.  Else- 
where the  maiine  Pliocene  beds  of  Europe,  local  in  extent  and  variable 
in  character,  reveal  the  beds  of  shallow  seas,  the  elevation  of  which  into 

land  completed  the  outlines  of  the  Continent  at  the 
close  of  Tertiary  time.  Here  and  there,  in  Bonth- 
eastern  Europe,  evidence  exists  of  the  gradual  isolation 
of  portions  of  the  sea  into  basins,  somewhat  like  those 
of  the  Aralo-Caspian  depression,  with  a  brackish  or 
less  purely  marine  fauna.  In  some  portions  of  these 
basins,  however,  as  in  the  Karabhogus  Bay  of  the  exist- 
ing Caspian  Sea,  such  concentration  of  the  water  took 
place  as  to  give  rise  to  extensive  accumulations  of  salt 
and  gypsum.  In  a  few  localities,  fluviatile  and  lacus- 
trine deposits  of  the  Pliocene  period  have  been  pre- 
served, from  which  numerous  remains  of  terrestrial 
vegetation  and  mammals  have  been  obtained. 

The  Pliocene  flora  is  transitional  between  the 
luxuriant  evergreen  and  sub-tropical  vegetation  of  the 
Miocene'period  and  that  of  modem  Europe.  From  the 
evidence  of  the  beds  in. the  upper  part  of  the  valley  of 
the  Amo,  above  Florence,  it  is  known  to  have  included 
species  of  pine,  oak,  evergreen-oak,  plum,  plane,  alder,  elm,  fig,  laurel, 
niaplo,  walnut,  birch,  buckthorn,  hickory,  sumach,  sarsaparilla,  sassafras, 
cinnamon,  glyptostrobus,  taxodium,  sequoia,  &c.^  The  researches  of  Count 
(le  Saporta  have  shown  that  the  flora  of  Meximieux,  near  Lyons,  com- 
prised species  of  bamboo,  liquidambar,  rose-laurel,  tulip-tree,  maple,  ilex, 
glyptostrobus,  magnolia,  poplar,  willow,  and  other  familiar  trees.^  The 
forests  of  that  part  of  Europe  during  Pliocene  time  conjoined  some  of  tho 
more  striking  characters  of  those  of  the  present  Canary  Islands,  of  North 
America,  and  of  Caucasian  and  eastern  Asia,  including  Japan.  There  is 
evidence,  however,  that  a  marked  refrigeration  of  climate  was  in  gradual 
progress,  during  which  the  plants,  such  as  the  palms,  specially  charac- 
teristic of  warmer  latitudes,  one  by  one  retreated  from  the  European 
region,  or  lingered  only  in  its  southern  borders. 

The  fauna  of  the  Pliocene  period  still  retained  a  number  of  tho  now 
extinct  types  of  earlier  time,  such  as  the  Deinothenum  and  Mastodon.  It 
was  specially  characterised  also  by  troops  of  rhinoceroses,  hippopotamuses 
and  elephants,  the  Elephas  meridtonalis  being  a  distinctive  form ;  by  large 
herds  of  herbivora,  including  numerous  forms  of  gazelle,  antelope,  deer, 
and  types  intermediate  between  still  living  genera.  Among  these  were 
some  colossal  ruminants,  including  a  species  of  giraffe  and  the  extinct 
genus  Hellddoiherium^  and  other  types  met  with  among  the  Siwalik  beds 
of  India   {Sivatherium,   Fig.   428,  Bramathertum).     The  Equid»    were 

*  Gaudin,  ^  Feuilles  fossiles  de  la  Toscane ; '  Gaudin  and  Strozzi, '  GontributioDfl  k  la 
Flore  fossile  italienue;  *  Lyell,  'Student's  Elements,*  4th  edit.  p.  172. 

*  '^Recherches  sur  les  V^g^taux  fossiles  do  Meximieux,*'  Archiv.  Mu$.  Lfton.  i. 
(1875-6),  and  his  » Monde  des  Plantes,'  p.  314. 
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represented  by  the  oxieting  Equus,  and  by  oztinct  forma,  one  of  the  most 
abundant  of  whicb  waa  Hipparion  (Fig.  422),  like  a  small  ass  or  quagga, 
with  thiee  toes  on  each  foot,  only  tho  central  one  actually  reaching  the 
ground.    There  wore  likewise  species  of  ox,  cat,  bear,  and  hyeena,  and 


Fig.  411.— Hlppulon 


numerous  apes  (Meaopilhecut,  Fig.  423),  the  remains  of  whioh  have  been 
met  with  14°  further  north  in  Europe  than  their  descendants  now  live. 

Tho  advent  of  a  colder  period  ia  well  shown  in  the  younger  Pliocene 
bods  of  south-eastern  England,  where  a  number  of  northern  moUusks 


FlK.  413.~He*D|ri(h«iii  Pentellcl,  Gnurlrj  (1). 


make  their  appearance.  The  proportion  of  northern  speoiea  inoreaees 
rapidly  in  the  next  succeeding  or  Pleistocene  beds.  The  Pliocene  period, 
therefore,  embraces  the  long  interval  between  the  warm  temperate 
climate  of  the  later  ages  of  Miocene  and  the  cold  of  Pleistocene  time. 
According  to  Professor  Prestwich,  the  evidence  of  change  of  climate 
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THe  Thite  •.re;  (dvMk.  OmitBa^  at  BtTOvan  Ct^),  aniirti^  of  ^Uj 
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UMi  ■■  of  ilHili,  of  wiiieh  H  per  sent,  an  ttiH  Uring. 
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(OTM.  .idwto  OMfn  (Pi^  43S).  Pyntln  n^icvtaLi.  rdala 
XmAntf  (Ffg.  426),  FoKnlnna  avwOtm  (Fig.  tSi^ 
Tho  nBua'*eanIltiiB''  wna  giim  to  the  depadt  from  ihe 

LTniMnM  mnBhar  of  conl-like  pal]isa*  vhioh  it  oontaiiu. 

:•' jF^V^^^.    -'       IM  Snrw  than  IH  spceia  hsTing  been  deKtibcd. 

'•f^^j^:^^  ~^  ThB  Sad  Crag  ii  aloo  a  thin  aod  looal  aoeiimiilK- 

^  -  •~       "^        tido,  Bonriiting  of  a  datk-red  or  brown  femginoat  aheUv 
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Fueka]«l.«r.nil<im.  "till  liTing  qwdes,  and,  out  of  25  iT"ie«  <*  wi»l«.  »  »" 

M.  &lv.(t).  itm  natiTcaof  Biituh  teat.    Some  of  (ho  typical  ihpllt 

of  Sua  anbditiaion  are  Tropiion  anli^um  (_Fumt  Mulni- 

rliu.  Fig-  4^),  Fofiitti  £<tmi«rl^  iToMO  retinMo,  Pnrinira  lapiS«t,  P.  Mragona,  rrdtit 


'  I'nirtwinb,  y.  J.  OfnL  Soe.  xxrii. ;  L;ell,  'Antiquity  of  Man,"  char.  xii.  ■  ft^ario 
Wm-l,"  (!ni)cMotliiiica,''i'(iZeon(.  ^JDC.;  H;  B.  Woodwnrd,  "Geology  of  Noiwich,"  and 
W.  Wliltnker,  "Oimlogy  of  Ipawioh,  *o„"  both  In  af«m.  OtcL  Surrey,  A  retail 
i'lli-rontliiR  'tidO'iTOTy  at  flt  Erlh.  on  the  reuth  coaat  of  Cornwall,  baa  brought  to  liefat 
a  nniiill  |>il'h  of  niarlno  clay  lying  in  a  formerly  mbmerged  Valley,  and  btxa  whidG  a 
iMiinrknlilii  aiwcmMnKO  of  aholli  hai  been  obtaiocd.  Out  of  41  ot  43  apeeiM,  11  or  11 
mi-  r..m>ii(,  atnl  llll  or  !W  are  i-ilinct.  Acootding  to  Dr,  Gwm  Jeflraja,  11  of  the 
.>»tliirt  at-"''""  "W  'IVrlliiiT,  t  l*iiiK  Atiooene  and  all  nf  thorn  Plrooeae:  22  aptno 
""V  I'V  .'!""",  I"  ''""  ,''""•'■  "*  Tortinry  at  recent  Tbc*c  atrata,  if  Plioccnr.  art 
lir.ii«i'l,v  Ml.-  "liii.-l  i-r  I  int  iK-TiiHl  >-Pt  found  in  Btilain.    They  an  atill  undrr  iHTwIi- 
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optTe%Uarii,  Pecimumliu  glyeimerii,  Maetra  areuaia,  Sf.  omltt,  TeBina  Miqiia,  Carditim 
eduie,  MytOtu  eduUt,  and  Oj/priiia  nutiea.  Nutneroni  mtunmilian  lemuna  have  been 
obtained  from  these  Baude,  inclnding  bonee  of  MtuMoa  arvtmentit  and  M,  tapiroida, 
ElejAoM  meridionalii,  SJuTioeerin  SeMeiermaeheri,  Tapinu  pruma,  8iu  antiqmu,  Equiu 
plicidetu,  Ripparion,  Hyama  aniiqua,  Fdti  pardoida,  Cervui  anoetnt,  Haliihtriwm,  Ao. 
There  is  Tea«oii  to  thbik  that  aome  of  these  remaini  may  have  been  derived  from  the 
deetrnction  of  Hiooena  deporits. 

ThoNorwioh,  FluTio-marine,  or  MammaliCeroni  Crag  conuaUof 
a  few  feet  of  ihelt;  gand  and  grave),  oontaining,  so  far  aa  koovu,  IS9  apeciee  of  aholls, 
of  irhioh  BS  per  cent  are  atiU  livitig.  About  20  of  the  spedes  ue  land  or  freah-wuter 
ahelli.  The  name  of  mammalifeiOQa  na  given  from  the  large  Dmnber  of  bonee,  chiefly 
of  extinet  apeoiee  o(  elephant,  recovered  from  thU  deposit.    Theae  foaaila  oonpriae 


PuucSi.  (1). 
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MiutiKloH  anerneiuu,  Elepkat  mendioiialii,  K.anliquiii,  Hippopolaiiiuimajvr,l{kinureroi 
Irjifarhintu,  TTogonlJieriam  CuvieH,  a  hoT»e  and  deer,  likewiaa  the  living  apeciea  of  otter 
aiid  beaver.  Among  the  moUoeoa  the  following  are  charactcriatio  fonui;  iWudi'iut 
tiKtlio,  Uj/draliia  centn)«a,  TvTriUUa  <»mmunu,  Trophon  icalariforBU,  Lilorina  Utorta, 
ifi/tatu  eilulii,  Nneala  Cobbolduc  (Fig.  425),  Carditim  edtde.  One  interoBting  fuatnro 
in  the  decided  mlxtnio  of  Dorthem  apeciea  of  ahella,  such  aa  SfiynchomBa  pnllaeea, 
Sealaria  grantandiea  (F!g.  *26),  Panopma  nomegica,  and  Ailarte  bortalii  (Fig.  426). 
These  may  be  regarded  at  the  forenmnera  of  the  great  invasion  of  Arctic  planta  and 
animals  vhich,  in  the  beginning  of  tlie  Qnalemary  ages,  came  sontbTard  into  Europe, 
together  with  the  severe  climate  of  the  North. 

The  Chilleaford  Bed  a  occur  lihewiae  aa  a  thin  local  depoait  chiefly  in  SqA'oUe. 
Among  their  organinnB  are  Myn  fruneata,  Maetra  oTttll»,  Nnfula  CMiotdia;.  Cyprina 
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iilavdiiM,  Atlarla  boraolt'i,  IWItna  o&Itgua.  About  two-tbirda  (S  the  ahella  itiU  live  in 
Aictio  valets.  It  is  evident  that,  in  these  fiagmeutaryaccninnlAtioiis  of  the  Crag  nriei, 
wo  have  merely  the  rcnuiBnU  of  some  thin  aheeta  of  shelly  sands  and  e>**b1*  ^^ 
dovrn  in  the  shallow  vratera  of  the  North  Sea,  while  that  gieat  lowering  of  the  Enn^ieui 
climato  was  beginning  which  culminated  in  the  succeeding  or  Glacial  period. 

The  Forest-Bed  group  comprisce  an  interesting  sncceBSion  of  beds,  only  *  fow 
feet  in  thickness,  exposed  for  man;  miles  nt  Ihe  bftse  of  the  great  range  of  dills  of 
glacial  deposits  on  the  north-east  coast  of  Norfolk.  TlieM  beds  are  of  estnariDe  and 
marine  origin,  and  include  layers  oF  peat  and  traces  of  a  former  land-sniface  which  is 
marked  by  what  has  been  termed  the  "rootlet  bed."  The  designation  " foreBt^ed," 
however,  is  unfortunately  chosen,  for  the  Iree-stompe  whioh  suggeetedit^ipeer  toben 
uil  cases  drifted  specimens.  According  to  the  recent  resMrchea  of  Mr.  0.  Baid,iif  Ibe 
Geological  ButToy,  there  is  at  the  base  a  band  of  dark  cnrbooaccooa  silt  and  peat  with 
Heeds,  moss,  Jic,  (lower  fresh-water  bed).  This  is  surmonnttid  by  the  "  Forest  bod" 
protwrly  so  called — a  band  of  dark  silt,  clay,  or  loeui,  with  numerous  seeds,  cones, 
stumps,  nud  fragments  of  drift-wood,  blocks  of  i>cat,  bones  of  mammals,  Ac.  Next  come* 
onotUcr  peaty  layer  (upjicr  freub-watcr  bed),  over  which  lie  flne  annds  with  clay  and 


Fig.  lis.— niocaH  Out; rnpDiLi, 

0.  iiuUrU  Krautiudlci.  Cli«mn. ;  b,  Volnu  I.unt«itl,  Sow.  (1);  e,  Trvphon  uiUqiiiini,  llau.  {fuu 
nmtruliu)  (i). 

Hint  pebble*,  containing  Ltda  tnj/alU,  und  other  marine  mollusca  with  united  vb1v«s. 
Among  the  organic  contents  of  the  Foresl-bed  group  are  cones  of  Bcotoh  flr  and  S|mwa, 
loaves  of  the  white  water-lily,  yellow  pond-lily,  bom  wort,  blackthorn,  bog-hean,  aak,and 
hazel;  species  of  marine,  fieeh-water,  and  land-ehells  (TVopAon  antiquum,  A'lmb 
Cobtioldia,  Tettina,  Fuidmm  amnietmi.  Unto  pietomm,  I'alndina  tiin'para,  PIaHor6u 
/otttanut,  Tiimnavi  rtagnalit,  SMctnea  pulrit.  Helix  arbuiiorym,  Ac),  of  which  CorbiaJa 
ftuminnlit  and  B^grnndia  marginala  no  longer  live  in  England,  fifty-three  species  of 
mammals,  two  birds,   two  repliles,  four  ampliibinns,  seventeen  binis  and   seventeen 

'  The  mammDls  of  the  forest-bed  afford  an  interesting  glimpse  of  the  fatma  that 
preceded  the  advent  of  the  Ice  Age  in  central  Europe  and  the  adjoining  eefta.  Acooid- 
iiig  to  Mr.  K.  T,  Newton's  researches,  the  following  is  the  list  of  tect^nised  species: 
Ciirnivora — Cnni>  fupiM?  C  vulpal  Maehairodut  sp.,  F«li Jc  (7  genns),  Hymna  mdtm 
Sfartet  sylvalica,  Ovto  Imcui,  Urnti  ipeUeut,  U.  ferox /oniliil  Trirhtchvt  ttniaieyi,  Phoea 
Bp.  ;  Ungulata — Equai  caballut/oiiHi*,  E.  Steaonig,  Shirtocerot  etruieut,  Bk.  nuwarUiisif 
HippopoUimui  n«uor,  Sui  Krvfa,  Bot  primigfniui?  Ovihoi  tmndutiiit,  Citprovu  Smiuii, 
Cemis  hovidet,  G.  eaprrolut,  G.  Gamutonim?  C.  Davkinti,  C.  elapliutf  C.  Eti^rianm, 
C.  Filchii,  C.  Giiniiii,  C.  latifrfmi,  C.  megaeeroii  C.  jmlignaeut,  G.  Stdgn-ielrii,  C. 
rertimmit,  G.  Mraceroii  Sodeotia^TTogtmtiieritim  CunVrt,  Cnitor  Europtm*,  ArvMn 
mnphibiuf,  A.  inlemudiut,  A.  arvaH*,  A.  <^re^ta,  Scivrut  T^iigariif  Mut  tylvatiau; 
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France. — Pliocene  deposits  in  various  parts  of  France  have  yielded  a  considerable 
number  of  vertebrate  remains.  An  older  series,  found  in  the  south  of  the  country  at 
Montpellier,  indicates  by  the  association  of  its  mammalian  remains  a  warmer  climate 
than  that  of  the  same  region  at  the  present  day,  for  the  list  includes,  besides  species  of 
Hyxiuiy  FeliSy  MachairoduSf  Lviraj  Lagomys,  Rhinoceros,  Sus,  and  Cervus,  the  extinct 
types  of  the  Mastodon  aud  Hyxnardos,  as  well  as  two  species  of  ape.  Later  than  these 
ossiferous  strata  are  those  of  Perrior  and  other  localities  in  Auvergne,  where  the  apes 
are  absent,  the  antelopes  have  dwindled  in  size  and  number,  the  deer  have  grown  very 
abundant,  true  elephants  for  the  first  time  appear,  associated  with  a  species  of  hippopo- 
tamus, nearly  if  not  quite  identical  with  the  living  African  one ;  two  kinds  of  hysona, 
and  the  hipparion  and  machairodus  that  had  survived  from  earlier  times.  This  fauna 
indicates  a  decided  change  of  climate  to  a  more  temperate  character.^ 

Along  the  southern  coaat  of  France,  marine  Pliocene  deposits  lying  unconformably 
on  every  series  older  than  themselves  bear  witness  to  the  elevation  of  that  region  since 
Pliocene  time,  some  of  the  beds  reaching  a  height  of  1 150  feet  above  the  present  sea- 
level.  These  marine  slrata  extend  for  some  distance  up  the  valley  of  the  Bhono, 
where  they  mark  the  final  deposits  of  the  sea  in  that  part  of  the  mainland  of  Europe. 
They  cap  the  plateaux  aud  rise  towards  the  north  and  west,  indicating  a  maximum  of 
elevation  in  that  direction.  The  marls  of  Hauterivcs,  (formerly  regarded  as  Miocene,} 
are  remarkable  for  their  beds  of  coarse  conglomerate,  which  represent  some  of  the 
torrential  deposits  swept  down  from  the  neighbouring  hills.  These  marls  contain  land- 
and  fresh-water  shells.  In  the  basin  of  the  Saone  occur  similar  deposits  with  remains 
of  Elephas  meridionalUj  E.  antiquus.,  Equus  Stenonis.,  &c.  In  the  heart  of  France  the 
ossiferous  gravels  of  the  Limagne,  lying  upon  Miocene  lacustrine  beds,  and  yielding 
Mastodon  arcemensis,  Mhinoceros  elatus,  Tapirus  arvernensU,  Antilope  antiqua, 
MachairodtMy  <&c.,  are  placed  in  the  Pliocene  series. 

Belgplum.^— The  neighbourhood  of  Antwerp  has  acquired  celebrity  for  the 
remarkably  fossiliferous  character  of  certain  sands  which  overlie  the  Black  Crag 
described  at  p.  871.  These  strata,  formerly  classed  as  "Scaldisien"  by  Dumont,  have 
recently  been  divided  into  a  lower  group,  marked  by  the  occurrence  of  Isocardia  cor, 
and  a  higher  containing  Trophon  antiquum.  The  lower  sands,  perhaps  equivalents  of 
the  White  Crag,  have  been  named  "  Anversien  **  (Autwerpian).  They  contain,  among 
other  shells,  Isocardia  cor,  Cyprina  rustica,  Cardita  senilis,  Lucina  horealis,  Astarte 
Onialii,  Turritella  incrassata;  also  an  abundant  series  of  remarkable  cetacean  bones. 
The  upper  group  ("  Scaldisien  ")  may  represent  the  Red  Crag.  It  contains  Trophon 
antiquum,  2\  gracile,  Voluta  Lamhcrti,  Purpura  lapillus,  1*.  tetragona,  Nassa  reticosa, 
Pecten  mazimus,  P.  Gerardi,  Ostrea  edulis,  Belgian  Pliocene  deposits,  of  which  the 
precise  horizons  have  not  been  determined,  have  yielded  a  large  number  of  bones  of 
marine  mammalia,  including  seals,  dolphins,  and  nmnerous  cetaceans,  as  well  as 
remains  of  fishes  (jCarcharodon,  Lamna,  Ozyrhina,  &q.} 

Mainz  Basin. — Above  the  Miocene  beds,  described  on  p.  871,  lies  a  group  of 
sands  and  gravels  with  lignite  (Knochensand),  from  20  to  30  feet  thick,  whence  a  con* 
siderable  number  of  mammalian  bones  have  been  obtained  at  Eppelsheim,  near  Worms. 
Among  these  the  Deinotherium  giganteum  occurs,  showing  the  long  survival  of  this 
animal  in  central  Europe;  also  Mastodon  anyustidens,  Rhinoceros  incisivus,  and  other 


loscctivora — Talpa  europea,  Sorex  vulgaris,  S.  pygmmus,  Myogale  moschata  ;  Proboscidea 
— Elephas  antiquus,  E.  meridionalis,  K  'primigenius  ;  Cetacea — Bal«nopt<?ra  ?  Monodon 
numoceros,  Delphinus  delphis,  Ddphinus  sp.  (^Geol.  Mag,  1880-82;  "Vertebrata  of  the 


648,  and  his  mouonraph  on  the  Cromer  district,  in  the  Memoirs  Qeol.  Surv,  1882. 

"  -  ~  aires,' 1876. 

Description  dea  Ossements 


*  Gaudry,  *  Mate'ri'aux  pour  THistoire  des  Temps  Quatcmaircs,'  1876. 

•  Mourlon,  *  Geologic  de  la  Belgique ' ;  Van  Beneden,  **  Descri] 


Fossiles  des  Environs  d'Anvers,"  Mus,  Roy.  Belgique^  vol.  iv. 
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ipetiai,  SippoOieni'm  graeHettrntmiapedmol  Ba»,&n  at  noe  oT  Owi,— d— i 

Tianna  Basin.— In  conaecntiTe  eoiifanii»Ue  aider  abova  Um  MinBW  rtaU 
dawxibed  on  p.  672,  oomc  the  higlurt  TortiMy  bedi  of  thii  ana,  rallBRed  l«  ttn  FliOMaa 
period,  and  known  by  the  nanie  of  the''Ooiigerian  atage,"faanthaabMi1aiiHiia 
thmnof lbeinollnM»ngwiiiiOM^f«ria(DrrfwwiB)(Fig.42S).  Th^anai  **  "'~ 
two  tolerably  well-deSned  taoB*,  whioh  in  dwoending  oidn 

3.  BalTaderc-Schottc t — ■  coine  mnglooHnte  or  giarel  of  q 
othci  pebblei,  oGcaaonally  jicldiog  bMNi  of  Urg*  nuinnwh;  f  ' 
■  jclloiT  tnl^cMnu  laad,  Rinning  Iki  tower  nonber  of  tlM  ■■ 
ing  in  iti  mwt  «amp*et  portioni  aboadut  tenwtrial  Imtm.  TbMe  rtnta 
Toemble  put  of  tfac  >lIoTi>  of  a  lar^  linr.  llini  usw  h  taken  (iam  tko 
B«lTedcn  in  Vioiu,  when  thcf  are  well  dcrelopad. 

1.  Jnieiidoif  Tege  I — a  tolerably  pnr«  claj  nacbing  a  deplli  of  oAoi  nuirc 
than  300  feet.  Thif  depoiit,  the  Toungtit  Tertiary  lajer  tkat  ii  widely 
diftribated  OTcr  the  Vienna  buin,  points  to  conlinntd  and  genenl  nb- 
mergenee.  The  fado  of  its  foHil*,  howcTer,  ihowi  that  the  water  «a  loager 
coromnnicated  freely  with  the  open  lea,  bat  errini  nther  la  hare  partaken  nf 
a  C^ian  character.  Among  the  cOMsiciMni  motlniki  an  Cn^  *  ■  ■■ 
C.  PariMht,  C  triai^/^anl,  C.  ^)albdata,  C.  Cijteki,  OtnKam 
C.  apartim,  C.  ooi^mgnu,  Vnio  atanu,  IT.  nwniCKMM,  Jfrrfiiaajwn  marvmma, 
M.  imprewa,  M.  viatbAimtuit,  M.  BmSL  The  maamala  indnda  JToiiorfM 
lonjin^trit,  II.  angiutulnu,  JMiwttcrmM  gigaideiiM,  AcerclktriuM  aMiwraa, 
Jlippolheriumgracile,  antelope,  pi^  JfjeAairDcfiii  eiillriJt»$,  ifjgeaa  k^piaiimam. 
The  flora  inclndo,  iiooDg  oUier  plaoti^  conifen  <^  the  genera  Olgplaalnbia, 
Sequoia,  and  Pima,  alw  ipeciei  of  Mrch,  alder,  oak,  beech,  ehcetnnl,  BonAtam, 
Uquidambar,  plane,  willow,  poplar,  laurel,  dnnamou,  bodthom,  witk  the 
AuBti«  geona  Parntia,  the  AoatraUan  proteacee«a  naiea(ng.  430),  and  Ik* 
extinct  tamarind-like  Podogoniiai. 

lu  other  pnrtg  of  tho  Anstro-Bonguiaii  empire  inlcreiting  OTideiioe  exkb  of  Uw 
gradual  u^moc  of  tJio  ses-floor  during  later  Teriiary  time  and  the  iiolalioa  of  detached 
areas  of  sea,  eo  that  the  soatli-east  of  Europe  tno^t  then  h&To  presented  aome  reeeni- 
blunco  to  tho  great  Anklo-Caspian  dcpicaaion  of  the  prcscot  time.  The  Congerian  slagt 
bring!  before  us  the  pictnre  of  an  isolated  golf  grnduolly  freshening,  liko  the  modani 
OoBpiBD,  by  the  inponring  of  riven  ;  but  on  both  sides  of  the  Carpathian  nnge  thtR 
were  bays  nearly  cnt  off  from  the  main  body  of  water,  and  exposed  to  ao  eopioos  an 
GTBporatiou  wilbonl  connterbalanciiig  inflow  th»t  their  salt  was  deposited  over  the 
bottom.  Of  the  TransyUanian  localities,  on  the  south  side  of  the  mountains,  the  moil 
remArhablo  is  Parojd,  where  a  mass  of  rock-salt  hns  beon  accumulated,  haring  a 
masEmam  of  7550  foet  in  length,  5576  feet  in  breadth,  and  590  feet  in  depth,  and 
estimated  to  eontoin  upwards  of  10,595  miUlons  of  cubic  foet.  On  the  northern  flank 
of  the  Carpathian  Mountains,  near  Ciacow,  lie  tho  famoaa  and  extensive  salt-worki  of 
Wieliczha,  with  their  massive  beds  of  pore  and  impure  K>clf-Mlt,gypciim,  and  anhydrite 
some  of  tlie  strata  being  fall  of  fosails  chancteriatio  of  the  upper  lonea  of  the  Vicinia 

The  BODtli-oast  of  Europe,  dnriug  later  T^ertiuy  time,  teas  the  scene  of  abnndinl 
volcanic  aotiou,  and  the  outpourings  of  trachylc,  rhyolitc,  bnsalt,  and  tuff  were  specially 
abundant  over  the  low  districts  to  the  south  of  the  Carpathian  chain. 

Italy.— Id  this  country.  Pliocene  deposits  are  no  extensively  developed  that  they 
may  be  taken  as  a  typical  series  for  Europe.  They  form  a  range  of  low  hills  «»>iHiig 
both  sidee  of  the  Apennine  chain,  and  hence  have  been  termed  tlio  "  anb-ApenniiM 
series."  Thc^  are  soit  naasiTe  tovsTda  the  south.  They  have  been  grouped  into 
two  dhisfoBt,  the  oUar  eonaisting  of  bine  marls  and  clays,  sometimca  eali^now,  the 
it[i|ier  of  ynllunfsh  sntiila.  In  tht  Ligiirinn  rt^^fun.  aocording  to  O.  Uayer,  tho  Plioanr 
•cilea  eaa^MtM  "f  thi^  fotlnwiii^  gri>u]>4  in  asreiidlug  order :  1,  Hessinian  (=  Zaikdesa 
otS*t:ai"\Tit '  .■■'iiipiimilur{(ij  marla.coDglomeiati'j.  and  molaasc (65  fact)  with  CMdin 
_»^         _       ....__  .  _       _      _,^^  eritltittu,  TuTTiUUa 
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tubangtilata :  (h)  gypaiferoua  marls,  limestones,  dolomites,  (320  feet),  traceable  along 
the  range  of  the  Apennines  as  for  as  Girgenti  in  Sicily  by  its  well-known  gypsum 
zone,  and  containing  TurriteUa  eubangtdatti,  Natica  helicina,  Pleurotoma  dimidiaia^  &c  ; 
(c)  gravels  and  yellow  marls,  with  beds  of  lignite  (upwards  of  300  feet).  2,  Artian, 
composed,  at  the  foot  of  the  Ligurian  Apennines,  of  two  groups,  (a)  blue  marls  with 
Dentalium  Bexangularej  TurriteUa  communis^  T,  tomata,  Mnrex  trunculus,  Natica 
miUepunctaia,  &c. ;  (6)  yellow  sands  with  few  fossils  (300  feet  and  more).*  In  Sicily  a 
threefold  subdivision  has  been  made  out  by  Seguenza,  who  has  traced  the  same 
arrangement  throughout  a  large  part  of  the  mainland.  The  stages  are  in  descending 
order : ' — 

3.  Astian — yellow  sands. 

2.  Plaisancian — blue  clays  or  maris. 

1.  Zanclean — marly  beds  and  light-coloured  limestones* 

Of  these  stages  the  first  is  characterised  by  a  fauna  of  which  nearly  f^  are  peculiar 
species,  and  only  85  out  of  504  species,  or  about  17  per  cent.,  belong  to  living  forms 
which  are  nearly  all  found  in  the  Mediterranean.  Some  of  the  common  species  of  the 
deposit  are  Janira  flabelli/ormiSy  Terebratidina  caput'Serpentis,  Rhynchonella  bipartite^ 
Dentalium  iriquetrumj  JAmopsis  aurita,  Leda  dilatata^  L.  striata^  PhiU.,  Modiola 
phaseolina.  Tropical  genera  are  well  represented  among  the  shells  of  the  Italian 
Pliocene  beds,  while  some  of  the  still  living  Mediterranean  genera  occur  there  more 
abundantly,  or  in  larger  forms  than  on  the  present  sea-bottom.  The  newer  Pliocene 
beds  attain  in  Sicily  a  thickness  of  2000  feet  or  more,  rising  to  a  height  of  nearly  4000 
feet  above  the  present  sea-level,  and  covering  nearly  half  of  the  island.  One  of  their 
members  is  a  yellowisli  limestone,  sometimes  remarkably  massive  and  compact,  and 
700  or  800  feet  thick,  yet  full  of  living  species  of  Mediterranean  shells,  some  of  which 
even  retain  their  colour,  and  a  part  of  their  animal  matter.  It  was  daring  the 
accumulation  of  the  Pliocene  strata  that  the  history  of  Etna  began,  the  first  stages  being 
submarine  eruptions,  which  were  followed  by  the  piling-up  of  the  present  vast  subaerial 
cone  upon  the  upraised  Pliocene  sea-bottom. 

The  Italian  Pliocene  deposits,  while  chiefly  of  marine  origin,  contain  also  intercala- 
tions of  lacustrine  or  fluviatile  strata,  in  which  remains  of  the  terrestrial  fiora  and  fauna 
have  been  preserved.  In  the  upper  part  of  the  valley  of  the  Amo  an  accumulation  ot 
lacustrine  beds  attains  a  depth  of  750  feet.  The  older  portion  consists  of  blue  clays 
and  lignites,  with  the  abundant  vegetation  above  referred  to  (p.  876).  The  upper  200  feet 
consist  of  sands  and  a  conglomerate  ("  sansino"),  and  have  yielded  remains  of  39  species 
of  mammals  including  Macacut  florentinus,  Mastodon  arvemerma,  Elephas  meridionaliSt 
Rhinoceros  etruscus.  Hippopotamus  major,  Eyiena  (3  sp.),  Felis  (3  sp.),  Ursus  etruscus^ 
M<ichairodus  (3  sp.),  Equus  Stenonis,  Bos  etruscus,  Cercvs  (5  sp.),  Falxoryx,  Paheorecu, 
Cagtor,  Bystrix,  Lepus  arvieola.* 

Greece. — A  remarkable  series  of  mammalian  remains  brought  to  light  from  certain 
hard  red  clays,  alternating  with  gravels  at  Pikcrmi,  in  Attica,  has  been  carefully  worked 
out  by  M.  Gaudry.*  The  list  includes  a  monkey  {Mesopithecus)  intermediate  between 
the  living  Semnopithecm  of  Asia  and  the  Macaques.  The  carnivores  are  represented 
by  Simocyon,  Mustela,  Promephitis,  Ictitherium, — a  genus  allied  to  the  modem  civet — 
Hyanictis,  Hyssna,  Machaircdus,  and  several  species  of  Felis ;  the  rodents  by  Hystrix 

»  C.  Mayer,  BuU.  Soc.  0€ol.  France  (3)  v.  292. 

•  Bua,  Hoc,  Qkil,  France,  2*  sdr.  xxv.  465. 

»  0.  J.  Forsyth  Major,  Q.  J.  GeoH.  Soe.  xli.  (1885)  p.  1. 

*  *  Animaux  fossiles  et  G<?ologie  de  TAttique,'  4to,  1862,  with  volume  of  plates.  See 
n\ao  Eoth  and  Wagner,  AWiandl.  Bayer,  Ahad.  vii.  (1854) ;  T.  Fuchs,  Denksch.  Akad. 

Wien,  xxxvii.  (1877)  2*  AbtheU.  p.  1 ;  Boll  Com.  Geol  Ital  ix.  (1878)  p.  110;  W.  T. 
Blanford,  Address,  Oeol.  Sect.  Brit.  Assoc.  1884.  W.  Dames  {Zeitsch.  Deutsch.  Oeol. 
Qeis.  xxxvi.  1883,  p.  9)  has  added  a  species  of  Cervus  and  one  of  Mu%  to  the  previoualjf' 
known  Pikermi  forms. 
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t  if  «d 


fn 


whioh  riiDB  thnngli  tbe  vhole  aerici^  «kd  the 

contaiDt.    Ont  or  Iha  81  genen  of  mimintl*  whidi  bftve  l«ea 

The  Pikonu  bed*  bjiTD  boMi  olMMd  >■  nnter  IDiKMM,  bat  die 

krotio  iDkiine  PUoeene  ipeeua  of  abelU  bdow  tfaem  ;,r«riaB  I— Mir—L 

gaidaop**,  Ottrta  lameBimi,  0.  Mndolii)  jutUn  theiT  be«s  fleeed  in  •  Icie  i 

TerUary  seriM.    They  ut)  ihown  by  Fnebj  lo  fonn  {lart  tf  tbe  nin^ai  aeaa 

vul  lie  Id  the  higheit  put  of  that  icriee. 

IndlA. — Nut   le«B    important   thao    the  musre  nionav  Mramtutfu 
Heditcmticaii  btudn,  aro  tho«e  which  have  been  fonueil  id  Siud.  iLi  I-miai. 
nortb-woilcru  tiacti  of  India.    In  Siod,  tbe  noU'vortL;  fact  luu-  \k&.  niait 
Indian  Ocoli^ical  Burve;  that,  ttaai  tho  npiwr  CretacoL'iu  v   uu  I'iu^^ 
whole  isueccBiikin  of  strata,  witii  some  trifling  loral  ixn^oii--..   b-   evsiioi 
continuuut;  yet  contains  cvidcDce  of  altematious  of  niariui-  bud  uzTu>iru> 
tlie  latiiit  marine  inlercalatioua  being  of  Miocene  datr.    Tjtc  upju:   di-ru 
Manchliar  group  (p.  874)  is  not  impTobablf  referable  i<<  Tht  ni.«'in  ]ii::nrH. 
of  clays,   sanilstoucs,  and  conglomerate,   5000   feet  thick,  uLiei.  iuTi   51 
indetcnuinublo  fragmentary  bouca.    Similar  strata  eottr  a  viwi  ant.  n.  i 
They  arc  admirably  eiposcd  in  the  long  range  of  hilli  termed  tiK 
which  from  the  Bmhmapulra  to  the  Jholum,  a  itistiuice  of  150(> 
chain,  sjid  consist  ohicifly  of  soft  massive  saudstonc  dispoaod  in  toii 
ridge  bafiug  u  etecp  soutlictly  face  and  a  moic  gentle  mirthcrlj-  alofib.  ■■£ 
by  a  brood  llat  vulloy.     Tlieso  etnita,  having  an  aggregate  thinln  m  gf  iM^iai^^V 
and  15,000  Icct,  coutuiu  representatives  of  tLo  older  Teitiaiv  or  Iv^^adtai^flK 
folioved  by  yonngcr  Tertiary  dopoiitj  which  are  classed  togntfaor  h,  wiB-EkftiilK 
termed  the   Siwalili  group.    Tliin   rrmnr   (-   'f   'n—\ .-.-'~r    — '--^     •—  -■-    — — 
organisms  are  entirely  land  or  hii-li-wiit.i  1  ■.;!:        r 
etinglouierolet  havi>  been  deptflltod  by  (in- 
tlic  Himalayan  diaiu  by  tht  huuiu  outlil 
lU'liiwils  vary  ai'iN'riliiig  lo  thoir  imditlou  ri'li 
iiivoh>il  ill  tin'  lH«t  colosnl  muvun^ni^  " 
vi'l  lb>  ir  >iriii-liin>  cliiiwe  that  1!"  '  :i:.i'    - 
i:.iu>Hl  ao  .'Vi»I.Hl  U'foro  the 
liinr  iIiu'iii:!!  the  I'inta  rungi 
(lull  lb.'  .•l..viiti.'H  i-r  111.  iiiiiiin    


Sect. 
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a  thorefore  not  Bcneibl; 


the  rirer  kept  pnco  with  it,  and  llie  positioua  of  the  vallcja  v 
changed  (bm  p.  934), 

Tke  Siwalik  fonoa  conafBts  partly  ofa  feir  land  or  froah-water  moll  tuka,  Eome,  if  not 
all,  of  whidk  ue  identical  vitli  living  species ;  but  chiefly  of  mammalia ;  end  tho 
folloving  list  comprises  the  icrtobtate  fauna  bo  far  as  at  present  kaown  : ' — 

Mammalia. — Primat«>. — ralxopilhtcus,   1  »p, ;    Mnc<iQ<i>,   2 ;   Eemnopithtcut,   1 ; 
CyMfithecut,  2. 

CaTDiToni. — MtaUta,  1 ;  Melliaara,  2  ;  Mellivorodun,  1 ;  Lutrn,  3  ;  Hyxiuidon,  I ; 
JJriUi,   1 ;    Hysnarctot,  3  ;    Cunii,   2  ;    Vixerra,  3  ;  Ilyicno,  5  ;  Lepliyam,  1 ; 
^/uro^iiti,  1 ;  jSlurogaU,  1 ;  Fflit,  b ;  Mnclialrodii),  2. 
ProboaciJu. — EleiAas,S  lEMlepkas,! ;  Loxodon,  1 ;  ftt^oJon,  4 ) ;  iTortixian,  5. 
Uugalata. — Chalioolh^mn,  1 ;  Bkimxtna,  3 ;  Sgaiil,  1 ;  llipparirm,  2 ;  Hippo- 
potamiu,  1 ;  TctracoiwdoH,  1  ;  Sui,   fi ;  llippohyns,   I ;  Saiiithcriam,   1 ;  Mtryeo- 
potamiu,    1 ;   Ci'rru^   3  ;    liuroiiherium,    2  ;    Tnuialia,    1 ;  PropalKomergx,  1 ; 
Oamtlopiinlalis,   I ;    Helladatlieriiim,   1 ;    Jfi/iiiipiiheriivn,  2 ;    5ica(Amim,   1 ; 
J/oe/iAo/u*,  1 ;  Cnwfio,  1 ;  ^B(i/op«,2;  Ortat(}%l;  Palmorgx(i),l;  Portax.l; 
HemiKa,  3  ;  Lrptdxa,  1 ;  BiAalya,  2  ;  fison,  I ;  £u>,  3 ;  Bucapra,  1 ;  Oipni,  2 ; 
Obu,  I;  Camclta,  1. 
Bodcntia. — ifui.  1  ;  Bhyzomyt,  1 ;  Ilyitrix,  1 ;  Zcjiiu,  1. 
AvES. — Qraadya,  1 ;   Pctfcanvs,  2  ;   ifejaloxelornia,  1 ;    j<n7ala,  1 ;    fUrvtAi'D,  I ; 

Dromaus,  1. 
Beptiua.— CrocoJilis. — CnKOdUaa,  1  j  Qharialh,  X 
Lacvrtilin. —  Viiranaa,  1. 

Cbe\oaiti,—Ooloas<Khelyt,  I ;    rMtiufo,  1 ;    BelU/i,   2  ;    iXiinonHi,  1 ;   Emys,  1 ; 
Cmtleya,  1 ;  PonjiAiira,  1 ;  Emyda,  1 ;  Tiuonyi,  1. 
Pisces. — Bagaran,  1. 

In  this  list  there  Is  considerable  resemblance  to  (he  gronping  of  mammslia  hi  tlie 
Pikcrmi  deposits  jaet  referred  to,  particularly  in  tho  prepoDderanee  of  large  onimslB, 
the  absence  or  rarity  of  the  smaller 

forms  (rodents,  bats,  insect  iTores),  and  ■'"\  c''j 

tlie  marked  Miocene  aspect  of  certain      "^  ^       ""  '       f 

parls  of  the  fauna.  Mr.  Blanford  and 
his  colleagoeg  of  the  Geological  Surrey 
of  India  have,  bonever,  shown  that, 
thongb  naoally  claseed  an  Miocene,  the 
giwalik  fiiuna  has  snch  rclntious  to 
Pliocene  and  recent  forms  as  are  found 
in  no  troo  Miocene  fenna.  The  largo 
proportion  of  exiating  genera  u  tho 
most  striking  feoturo  of  the  assemblage. 
Twelve  of  tho  genera  are  unknown  else- 
where, 7  sjo  Miocene  and  riiooeno ;  of 
tlio  still  living  genera  0  range  bock 
in  Enrope  to  Upper  Miocene  time,  10 
only  to  Plioceuc,  while  6  are  only 
known  elsewhere  as  living  forms  or  as 
occurring  in  post  Pliocene  bods.  The 
largo  |itcponderanco  of  species  belong- 
ing to  such  familinr  genera  as  Macacw, 
fkmnopithfear,  Urmi,  Eltphai,  Kqtiiu, 
Hippipnlamnt,  Cnmelopardoli*,  Bot, 
llyttrU,  Mai,  XTellivora,  Mela,  Capra,  Oei't,  Cametui,  and  Ithizomyf,  gave  the  whole 
assemblage  a  singularly  modem  aspect.    It  should  be  added  thst,  of  the  six  or  Boven 

I  Falconer  and  Cautley,  "Fauna    Anti(|ua    Bivnionsis,'    1845-49.    Medlicolt   and 
Blanford.  'Geology  of  India,'  P- 577.     Ulanford,  Itrit.  Aiioc.  1880,  p.  577;    Address. 
Oral.  Siel.  Brit.  Afoe.  1884.    Lydekkcr,  '  I'alnontnlngia  Indioti,'  ser.  x.,  vols.  i.  ii.  iii. 
rdi  Gfol  Siirr.  IiiiUa,  1883,  p.  81. 


det^namabla  roptilM,  tlirco  are  now  livfnB  1"  nnrthem  India ;  Ibat  of  tbe  birdi,  oob 
U  probably  ideDlioal  with  tha  living  oatrioh,  and  tlint  nil  the  knoim  luiil  and  tmh- 
water  Hholla,  nith  otiopoBsiblo  eiceptinn,  are  of  existing  species/ 

ITortli  America. — It  HppMrB  to  be  ditubtrQl  nbetbcr  any  of  the  Tntiuy  depmits 
of  t!iu  Atlnnlic  border  iM»n  be  refened  to  Uie  Pliocene  Krios.  Thej  seem  to  be  mtber 
ftlder  nnd  to  Iw  covered  directly  bj  post-Pliooeno  and  teceat  cwninulBtians.'  In  llic 
Uppoi'  Missouri  rpgioD,  (he  White  River  gronp  (p.  874)  h  ovctlain  by  other  freeh-irftter 
liods,  300  to  400  feet  thick  (Loup  River  group  of  Meek  and  Hayden,  or  Kiobnira  group 
of  Huib),  from  wlucli  an  iotcrcetiiig  aeriu  of  vcrt«bmt6  renioinj  lio*  been  obtained 
Among  thcce,  are  thoie  of  an  engle,  a  eranc,  and  a  EOrmorant;  a  tiger,  latgti  tban  tlisl 
of  India,  an  elephnnt,  a  maslodon,  BOveral  rbinocense^  tho  rldesl  kaovin  ramdi 
(PFoeamnlut,  IlomoeameJui),  eqnino  aniinala  of  the  genera  Frolohippnt,  rtiahifpiu, 
Meryehippii',  nnd  Eq«a»,  of  whieli  Iho  kit  was  ne  large  lU  llie  lirin);  hoise.  The 
rennikablj  orienlnl  chBraotet  of  this  fauna  is  irurtliy  of  gpcdal  nolice^ 

Australia.— Ab  already  slated  (p.  858),  thi>  BuLdirimont  of  tlie  Ooinoioia  aeries  io 
Anatrolia  are  not  distiuclly  to  bi>  roferred  to  tho  recognised  European  eloRtiiGriiti'in, 
la  New  South  Wake,  dnriug  whAt  are  siippoaed  to  oorrespond  with  the  bil-r 
Miocene,  Fliooene,  and  FleialAeeno  periods,  tho  land  appears  to  hnve  been  gradnaDj 
rising  and  to  have  been  BipneBd  lo  prolonged  denudation  and,  in  the  midtUo  Pliocene 
period,  to  great  voloinic  activity.  Hence  suceesaive  Muviatile  teriac««  we<re  farcxil 
and  orodod  in  the  valleys,  and  were  in  many  eases  buried  under  great  Htreoina  of  Un. 
It  is  in  these  buried  river-beds  that  the  "  deep-lends  "  lie,  from  which  aneb  tar^e 
qnautities  of  gold  are  obtained.  They  have  preserved  wilh  wonderful  perfection 
remains  of  the  flora  and  fauna  of  the  period.  Among  the  plants  are  largo  tninkt. 
branehcB,  and  fruits  of  trec«,  and  ferns.  With  theso  me  associated  fredi-waler  innsM-1- 
bIicUb,  traces  of  beetles,  and  bones  of  a  nuwljcr  of  eitinet  innrMipiiils,  some  of  which 
were  distingnishud  by  their  great  size.  One  of  Ihc  most  nbiiii'!T!>t  n-i.I  r.  fi>ir!;fiMc  of 
thCBC  creatures  wtw  tlje  jR//iro(0(?nn,  whirh  attained  llie  Lull;  .f   l  :;  !■    ■  '■'■■!"' 

potamus.  Another  !s  the  NoMherivm,  probably  somewhat  liko  a  large  tapir,  of  which 
three  species  have  been  named.  An  extinct  gigantic  kangaroo  {Sfacnpue  Tilan)  had  a 
sknil  twice  as  long  as  that  of  the  largest  living  species.  There  were  also  wombats 
(Pftascotoinyt)^  and  a  marsupial  lion  (Thylaraho),  with  the  marsupial  hymna  (Thylaeinv), 
and  Sarmphilui  or  "  devil,"  which  still  live  In  Tasmania.  To  these  may  be  added  the 
Avmorni's— a  large  bird  represented  now  by  the  emu.' 

TSew  Zealand. — Deposits  referable  to  the  Pliocene  division  of  the  geological 
record  pluy  an  important  part  in  the  geology  and  industrial  developmcDt  of  Kt* 
Zealand,  According  to  Dr.  Hector,  they  belong  to  a  time  when  the  land  was  tanA 
more  oKtciisive  than  it  now  is,  and  when  in  the  North  Island  voleanio  action  reached 
its  greatest  (ictivity.  Some  of  the  beds  were  formed  onlheB«a.|loor,and  conlain  inahnn- 
danco  RoieUa  lealandica,  with  Dotinea  anus,  Slmthiolaria  Frateri,  BtKcinum  mucnfalnsL 
In  the  6outii  Island,  the  Pliocene  strata  ate  to  a  largo  extent  gravels,  sueb  as  those  of 
the  Canterbury  Plains  anil  the  Honteri  Hills,  in  Nelson,  which  were  derived  from  tke 
monntnitiiuis  interior.  That  considerable  terrestrial  disturbance  took  place  during  and 
subsequent  to  the  deposit  of  tho  Pliocene  series  is  shown  by  the  disturlied  and  clevali^ 
]K>sltions  of  the  beds  in  some  places.  Hero  and  tl^ere  the  marine  beds  have  been  laisfil 
ii\  a.  height  of  ItOO  feet  above  the  sea  without  disturbance  of  their  horixontal  positioo ; 
but  elsewliere  they  have  been  completely  overturned.  Tlie  economic  imporlanon  of 
I  lie ae  deposits  nriBCS  mainly  from  their  yielding  tlio  richest  supplica  of  alluvial  goJd.' 

'  nianfoKl,  Brit.  Astoc.  1880,  p,  578,  and  ISSi,  Addivss. 

*  A.  Hcilprin,  as  ciled  on  p,  81.^. 

*  C.8.  Wilkinson, -Notes  on  Geology  of  New  South  Wales,' Svdney,  ]88a, 

*  llcilor,'UandbookofNow  Zealand,' p.ac. 
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Part  V.  Post-Tertury  or  Quaternary. 

This  portion  of  the  Geological  Eecord  includes  the  yarious  superficial 
deposits  in  which  all  the  mollusca  are  of  still  living  species.  It  is  nsnaUy 
sub-divided  into  two  series:  (1)  an  older  group  of  deposits  in  which 
many  of  the  mammals  are  of  extinct  species, — to  this  group  the  names 
Pleistocene,  Post-Pliocene,  and  Diluvial  have  been  given ;  and  (2)  a 
later  series,  wherein  the  mammals  are  all  or  nearly  all  of  still  living 
species,  to  which  the  names  Kecent,  Alluvial,  and  Human  have  been 
assigned.  These  subdivisions,  however,  are  confessedly  very  artificial, 
and  it  is  often  exceedingly  difficult  to  draw  any  line  between  them. 

In  Europe  and  North  America  a  tolerably  sharp  demarcation  can 
usually  be  made  between  the  Pliocene  formations  and  those  now  to  be 
described.  The  Crag  deposits  of  the  south-east  of  England  show  traces 
of  a  gradual  lowering  of  the  temperature  during  later  Pliocene  times. 
This  change  of  climate  continued  until  at  last  thoroughly  arctic  con- 
ditions prevailed,  under  which  the  oldest  of  the  Post-Tertiary  or 
Pleistocene  deposits  were  accumulated. 

It  is  hardly  possible  to  arrange  the  Post-Tertiary  accumulations  in  a 
strict  chronological  order,  because  we  have  no  means  of  deciding,  in 
many  cases,  their  relative  antiquity.  In  the  glaciated  regions  of  the 
northern  hemisphere,  the  various  glacial  deposits  are  grouped  as  the 
older  division  of  the  series  under  the  name  of  Pleistocene.  Above  them, 
lie  younger  accumulations  such  as  river-alluvia,  peat-mosses,  lake- 
bottoms,  cave-deposits,  blown-sand,  raised  lacustrine  and  marine  terraces, 
which,  merging  insensibly  into  those  of  the  present  day,  are  termed 
Recent  or  Prehistoric. 


Section  L  Fleistooene  or  Glacial. 
§  1.  General  Characters. 

Under  the  name  of  the  Glacial  Period  or  Ice  Age,  a  remarkable 
geological  episode  in  the  history  of  the  northern  hemisphere  is  denoted.* 
The  Crag  deposits  (p.  878)  afford  evidence  of  a  gradual  refrigeration  of 
climate  at  the  close  of  the  Tertiary  ages.  This  change  of  temperature 
affected  the  higher  latitudes  alike  of  the  Old  and  the  New  World. 
It  reached  such  a  height  tbat  the  whole  of  the  north  of  Europe  was 
buried  under  ice,  which,  filling  up  the  basins  of  the  Baltic  and  North 
Sea,  spread  over  the  plains  even  as  far  south  as  close  to  the  site  of 

»  No  section  of  geological  history  now  possesses  a  more  volnminons  literatnro  than 
the  Glacial  Period,  especially  in  Britain  and  North  America,  For  general  informa- 
tion the  student  may  refer  to  LyelPs  *  Antiquity  of  Man,'  J.  Geikie's  *  Great  Ice  Age/ 
J.  CroU's  *  Climate  and  Time,*  A.  Penck,  *  Vergletscherung  der  Deutschen  Alpen,' 
1882;  J.  Partsch,  *Die  Gletscher  der  Vorzeit  in  den  Karpathen,  &c.,'  1882;  A. 
Falgftn  and  E:  Chantro,  'Anciens  Glaciers,  &c.,  de  la  partio  moyenno  du  Bassin  du 
Rhone,*  1870,  and  for  detailed  descriptions,  to  the  Quart.  Joum,  Geol,  Sac.,  Qeol  Mag., 
and  Amer.  Joum.  Science,  for  the  last  fifteen  or  twenty  years. 
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I«iuli>n.  iiml  ia  r^ilesik  and  GaQioia  to  &b  aOA.  pualld  of  latitude. 
B«Tonil  the  limits  louiud  hj^  th*  nartimn  ice-sheet,  the  climate  n 
tactic  that  sDOTr-fielils  and  g*"™—  spned  erm.  cner  the  o 
low  hilJa  of  the  Ljonnaie  and  BbbbjdU*  in  &a  hevt  of  Fnoueu  The 
Alps  wne  loaded  wtdi  -nrt  MOw-fiwHi,  fiom  iriiidi  uiMriiiBiie  ^eciBn 
descended  into  the  piaim,  overriding  Tanges  of  minor  Iiilla  <ri  t^str  «bt. 
The  ISi'sneeswere  in  like  manner  conrod,  white  snow-fidda  and  f^aam 
«ntnided  sonthwaids  for  some  liiilaiim  over  dm  Ilna^  peniaad^  In 
Nordi  America  ulsa  Canada  and  the  eestera  gtetaa  at  Am  i 
Union  •.lown  to  abont  the  39th.  panQd  of  nmtk  latitod^  I^  ■ 
northern  ice-sheer.  ThseffieCofthsmoveBieBtof  tiMioBii 
to  remove  the  soils  and  aapwfiml  dapoaita  of  the  Tsial  iwi 
in tlie  areas  of  countrv-  so  sBuuhd.  tbe  gzovnd  having  been 
iMDOtfaed.  the  j^araal  accnmnlatiDBa  laid  ilawn  upon  it  1 
ahraptlr.  and  vridiont  anr  **■■■— *■"■,  on  old 
Iseal  diAnnces  m»-be  obsuiiiid  in  the  narare  and  sanaHOB  of  the 
dijfennt  deposits  of  Him  g^eiai  paraid,  sa  tfaev-  a 
to  distiict.  It  IB  hazdly  posaihln  to  detnmine.  in  s 
certain  portions  of  the  ansa  w  corvaLor  Wong  to  TJIimil  nimlii 
But  the  feUowing  laadrtig  &rta  hsrve  Eia^  ainhlishrf.  VInfe.  tibexe  vss 
»  gradnal  incnaae  of  Ae  eoU,  tfaovg^  with  wazm  in^rvnK  vbi3  ^ 
eoBdininis  of  modnn  S^orth  Gn^dimi  enc^ed  an  ^ac  aontfa  aa  KUle- 
BSSL  W;U«st  ibe  wntit-wat  of  Ii  iilaial.  sai  -iO-  T.  los.  m  tmtai.  Tamft, 
aaA  aboTtt  :>!^'  X.  lac  in  eascem  4iiwiiijt  T!tis  was  dw  coiniisackn  of 
At?  T.I?  As:^. — tbe  3rst  or  v^iiief  Tiwriod  -rf  ^jMrMdmL.  TIussl  i-Cowsd  » 
kmi;  -nwml  -nurlrp.;  -ip-baaij-.  3j-  ^  *np>«(iJLn  rt  -virauir  ^ -^rg-'^j-if  1 
perii<tl^  iniL  dttrlnz  par:  -ji  in>  jondmain.'r:.  j^  t  umcsflin.'n  ■:/  mm 
trwb  ."I  laa-l  ^nd  me  ^lehl  of  ^-  id  Ar'.tn;  -virur  ■•'i?r  se  i:t:E3enfl 
arfiiK,  w-!ra  ^tonoihiac  juarm^  xa-  T^a  iii';«iliini,ii  ""na  siit.t?«ioe'i  bv  a 
w-<flev*r;''a,  w-;:a  r«new«L  i-iaauja-irt-n.  :c  -din  sn-T-isiis  iz--  jiKj-ais, 
— a  *«?■-£.'.  p«riidtuf  j;>gM=>fn.  T-ry  rrHVUtZy.  laii  iz^sc  ii.irt-r»!s,f 
in«.*r»iitn*  •:;■;  UmiaTt^-n.  lait  »?  Tf'±fl  7.wTrr»  "Oj;  3itr5-  n-I  wf-h  it 
ti'«  Ariti'T  i:ra  tOfi  ivcaa  lii:  iyl  Tf  '.'n-l  ''I't  -;l:i.z3*  ::'  5I:n^p*. 
Caaai^  m-l  X^w-  Ij;x^iis.L    Tiw  axts-^  m-:'w-iuliat  ail  £-l»a«s  of 

tbw^A  ?jf  ti*  rl*ii*3   r*T5«i.  wLifr  -oit  J.r.Tjr  Tiiia-t  Tini   T^:T)e  th? 

flpaiB. 

71*  E*'nertl  ro«*-«firTi  rf  tTCE:*l>ajl'!-i:-.i.t  sj.-nn  xj --jRir*.  n  ill  the 
Eqr<i<Mii  ?*«i"ii  »'.nL  (f  ibf  Alps,  liiri-vris-;  ii  Ct.T.itSi,  Li'.in.5  r.  ind 
lh»?  iwrth-f**''Tn  Mal4*.  ih-.npii  <.f  koq^  Tnil  i..?*^  lu.ii^Ti.-ATj  c*.    The 

fi)lln*tnir    ctiTiinurr  FG;U-]if-s    tif  ttlin   ffc.-ni.  -.t.  tin  lis-.TT  ;i^  lb*   I« 

tail*  art-  pi'tn  in  Fc'titiiva;^:  "a-c;*. 
jand-enrfaccf^ — Hirt  t;.;  tit?-- ^»^7E#na nf 
the  iop-i^ec-ts  c-f  -It  cUi:Jk:  7K~t.^  xziJci  have 
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sarface,  and  have  even  retainod  relics  of  the  foieet  growth  that  covered 
them.  One  of  the  best-known  beds  in  which  those  relica  have  been 
jireserved  is  the  so-called  "  Forest  Bed  "  (p.  880).  Above  that  deposit 
tliere  is  seen,  here  end  there,  on  the  Norfolk  coaet,  a  local  or  intermittent 
bed  of  clay  containing  remains  of  Arctic  plants  (Salix  polaris,  Betula 
nana,  &c.  (Fig.  429).  These  relics  of  a  terrestrial  vegetation  are  drifted 
specimens,  but  they  cannot  have  travelled  far,  and  tliey  probably  repre- 
sent a  portion  of  the  Arctic  flora  which  had  already  found  its  way  into 
the  middle  of  England  before  the  advent  of  the  ice-sheot.  Judging  from 
the  present  distribution  of  the  same  plants,  we  may  infer  that  the 
climate  had  become  about  20°  colder  than  it  was  during  the  time 
represented  by  the  Forest  bed — a  difference  as  great  as  that  between 
Norfolk  and  the  North  Capo  at  the  present  day.' 

The  Northern  Ice -sheet. — At  the  base  of  the  glacial  deposits, 
the  solid  rooks  over  the  whole  of  northern  Europe  and  America  present 


Tig.  i:!),-Arclic  riinu  fnnnil  In  DlaciiiL  BtOK. 
o,B»liIpl^U^I^W»hl«lb,  (Hi  b.  Detuk  nuw,  Unn-i  e.  !*•(«< "lue.  •ho"ing  th 


the  charactfiriBtic  smoothed  flowing  outlines  produced  by  the  grinding 
action  of  laud-ice  (p.  397).  The  rocfc-surf^ees  that  look  away  from  the 
quarter  whence  the  ico  moved  are  usually  rough  and  wealherwom 
(Leescito),  while  those  that  face  ia  that  direction  (StosB-seite)  are  all 
ice-worn.  Even  on  a  small  boss  of  rock  or  along  the  side  of  a  hill,  it  is 
commonly  not  difficult  to  tell  which  way  the  ice  flowed,  by  noting 
ioi^ards  which  point  the  sfriaj  run  and  the  rough  faces  look.  Long 
exposed,  the  peculiar  ice-worn  surface  is  apt  to  bo  effaced  by  Ihc  disinte- 
grating action  of  the  weather,  though  it  retains  its  hold  with  extra- 
ordinary pertinacity.  Along  the  fjords  of  Norway  and  the  sea-lochs  of 
the  west  of  Scotland,  it  may  be  seen  slipping  into  the  water,  smooth, 
bare,  polished,  and  grooved,  as  if  the  ice  had  only  recently  retreated. 
Inland,  where  a  protecting  covet  of  clay  or  other  superficial  deposit  has 
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been  newly  removed,  the  peculiar  ice-wom  surface  may  be  as  fresh  as 
that  by  the  side  of  a  modem  glacier. 

From  the  evidence  of  these  striated  rock-surfaces  and  the  scattered 
blocks  of  rock  that  were  transported  at  the  same  time,  it  has  been 
ascertained  that  the  whole  of  northern  Europe  was  buried  under  one 
continuous  mantle  of  ice.  The  southern  edge  of  the  ice-sheet  must  have 
lain  to  the  south  of  Ireland,  whence  it  passed  along  the  line  of  the 
Bristol  Channel,  and  thence  across  the  south  of  England,  keeping  to 
the  north  of  the  valley  of  the  Thames.  The  whole  of  the  North  Sea  was 
tilled  with  ice  down  to  a  line  which  ran  somewhere  between  the  coasts  of 
Essex  and  the  present  mouths  of  the  Ehine,  eastwards  along  the  base  of 
the  Westphalian  hills,  and  round  the  projecting  promontory  of  the  Harz, 
whence  it  swung  to  the  base  of  the  Thuringerwald  and  struck  eastwards 
across  Saxony,  keeping  to  the  north  of  the  Erz,  Hiesen  and  Sudeten 
mountains ;  thence  across  Silesia,  Poland  and  Gallicia  by  way  of  Lemberg, 
and  circling  round  through  Eussia  by  Kieff  and  Nijni  Novgorod  north- 
wards to  the  Arctic  Ocean.  The  total  area  of  Europe  thus  buried  under 
ice  has  been  computed  to  have  been  not  less  than  770,000  square  miles. 

Owing  mainly  to  the  direction  of  the  prevalent  moisture-bearing 
winds,  the  snowfall  was  greatest  towards  the  west  and  north-west,  and 
in  that  direction  the  ice-sheet  attained  its  greatest  thickness.  Over 
Scandinavia,  which  was  probably  entirely  buried  beneath  the  icy 
covering,  it  was  perhaps  between  6000  and  7000  feet  thick.  Thence  the 
sheet  spread  southwards,  gradually  diminishing  in  thickness.  But  from 
the  striic  left  by  it  on  the  Harz,  it  is  computed  to  have  been  at  least 
1470  feet  thick  where  it  abutted  on  that  ridge.  The  Scandinavian  ice 
joined  that  which  spread  over  Britain,  where  the  dimensions  of  the  slieet 
were  likewise  great.  Many  mountains  in  the  Scottish  Highlands  show 
marks  of  the  ice-sheet  at  heights  of  3000  feet  and  more.  If  to  this  depth 
we  add  that  of  the  deep  lakes  and  fjords  which  were  filled  with  ioe,  we 
see  that  the  sheet  could  not  have  been  less  than  5000  feet  thick  in  the 
northern  parts  of  Britain. 

This  vast  icy  covering,  like  the  Arctic  and  Antarctic  ice-sheets  of  the 
present  day,  was  in  continual  motion,  slowly  draining  downwards  to 
lower  levels.  Towards  the  west,  its  edge  reached  the  sea,  as  in  Green- 
land now,  and  must  have  advanced  some  way  seaward  along  the  sea- 
floor  until  it  broke  oflf  into  bergs  that  floated  away  northward.  Towards 
the  south  and  east  it  ended  off  upon  land,  and  no  doubt  discharged 
copious  streams  of  glacier-water  over  the  ground  in  its  front.  The 
directions  of  movement  can  be  followed  by  the  evidence  (1st)  of  striw 
graven  on  the  rocks  over  which  the  ice  passed,  and  (2nd)  of  transported 
stones  (**  erratic  blocks  ")  which  can  be  traced  back  to  their  original  sources. 

The  great  centre  of  dispersion  for  the  ice-drainage  was  the  table-land 
of  Scandinavia.  As  shown  by  the  rock-striae  in  Sweden  and  Norway,  the 
ice  moved  off  that  area  northwards  and  north-eastwards  across  northern 
Finland  into  the  Arctic  Ocean;  westwards  into  the  Atlantic  Ocean, 
south-westwards  into  the  basin  of  the  North  Sea ;  southward  and  south- 
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eastward  across  Denmark  and  the  low  plains  of  Holland,  Germany,  and 
Knssia,  and  the  basins  of  the  Baltic,  Gulf  of  Bothnia,  and  Gulf  of 
Fiuland.  The  evidence  of  the  transported  stones  coincides  with  that  of 
the  striation,  and  is  often  available  when  the  latter  is  absent. 

United  with  the  Scandinavian  ice,  but  having  an  independent  system 
of  drainage,  was  the  ice-sheet  that  covered  nearly  the  whole  of  Britain. 
The  rock-striae  show  that  while  it  probably  buried  the  country  oven 
over  its  highest  mountain-tops,  it  moved  outward  from  each  chief  mass 
of  high  ground.  Thus,  from  the  Scottish  Highlands,  which  were  the 
main  gathering  ground,  it  drained  northward  to  join  the  Norwegian  ice, 
and  move  with  it  in  a  north-westerly  direction  across  the  Orkney  and 
Shetland  Islands.  Westward  it  descended  into  the  Atlantic ;  eastwards 
into  the  basin  of  the  North  Sea,  to  merge  there  also  into  the  Scandinavian 
sheet  and  that  which  streamed  off  from  the  high  grounds  of  the  south  of 
Scotland,  and  to  move  as  one  vast  ice-field  in  a  south-south-west  direction 
across  the  north-east  and  east  of  England.  Southwards  it  flowed  into 
the  basin  of  the  Clyde  and  the  Irish  Sea,  to  unite  with  the  streams 
moving  from  the  south-west  of  Scotland  and  the  north-west  of  England 
and  Wales.  The  centre  of  Ireland  appears  also  to  have  been  an  area 
from  which  the  ice  moved  outwards,  passing  into  the  Atlantic  on  the 
one  side  and  joining  the  British  ice-fields  on  the  other. 

It  is  when  we  follow  the  direction  of  the  ice  striro,  and  see  how  they 
cross  important  hill  ranges,  that  we  can  best  realise  the  massiveness  of 
the  ice-sheet  and  its  resistless  movement.  As  it  slid  off  the  Scottish 
Highlands,  for  instance,  it  went  across  the  broad  plains  of  Perthshire, 
filling  them  up  to  a  depth  of  at  least  2000  feet,  and  passing  across  the 
range  of  the  Ochil  Hills,  which  at  a  distance  of  twelve  miles  runs 
parallel  with  the  Highlands,  and  reaches  a  height  of  2352  feet.  Moun- 
tains of  3000  feet  and  more,  with  lakes  at  their  feet,  600  feet  deep,  have 
been  well  ice-worn  from  top  to  bottom.  It  has  been  observed  that  the 
striae  along  the  lower  slopes  of  a  hill-barrier  run  either  parallel  with  the 
trend  of  the  ground  or  slant  up  obliquely,  while  those  on  the  summits 
may  cross  the  ridge  at  right  angles  to  its  course,  showing  a  differenticd 
movement  in  the  great  ice-sheet,  the  lower  parts,  as  in  a  river,  becoming 
embayed,  and  being  forced  to  move  in  a  direction  sometimes  even  at  a 
light  angle  to  that  of  the  general  advance.  On  the  lower  grounds,  also, 
the  striae,  converging  from  different  sides,  unite  at  last  in  one  general 
trend  as  the  various  ice-sheets  must  have  done  when  they  descended 
from  the  high  grounds  on  either  side  and  coalesced  into  one  common 
mass.  This  is  well  seen  in  the  great  central  valley  of  Scotland.  Still 
more  marked  is  the  deflection  of  the  striae  in  the  basin  of  the  Moray 
Firth.  Northwards  they  are  deflected  in  a  N.N.W.  direction  across 
Caithness  and  the  Orkney  Islands,  pointing  to  the  influence  of  the 
Scandinavian  ice-sheet.  On  the  south  side  of  the  basin,  they  run  E.  by 
S.,  and  at  last  S.E.,  on  the  north-east  of  Aberdeenshire,  showing  that  the 
ice  there  turned  southwards  into  the  North  Sea,  until  it  met  the  N.E. 
stream  from  Kincardineshire  and  the  valleys  of  the  Dee  and  Don,  with 
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which  and  with  the  ice  from  Scandinavia  it  turned  southward  into  the 
basin  of  the  North  Sea.  At  that  time  England  and  the  north-west  of 
France  were  probably  united,  so  that  any  portion  of  the  North  Sea  basin 
not  invaded  by  land-ice  would  form  a  lake,  with  its  outlet  by  the  hollow 
through  which  the  Strait  of  Dover  has  since  been  opened. 

In  North  America,  similar  evidence  is  aflforded  of  a  northern  ice-sheet 
which  overrode  Canada  and  the  eastern  States  southwards  to  about  the 
39th  parallel  of  latitude  in  the  valley  of  the  Missouri.  Some  details 
regarding  the  area  which  it  covered  and  the  traces  it  has  left  of  its 
presence  are  given  at  p.  907. 

Beyond  the  limits  of  the  northern  ice-sheet,  the  European  continent 
nourished  snow-fields  and  glaciers  wherever  the  ground  was  high  enough 
and  the  snowfall  heavy  enough  to  furnish  them.  As  already  mentioned, 
the  precipitation  of  moisture  during  the  Ice  Age,  as  at  pi'esent,  was 
greatest  towards  the  west,  and  consequently  in  the  western  tracts  the 
independent  snow-fields  and  glaciers  were  most  numerous  and  extensive. 
Even  at  the  present  time,  the  glaciers  of  the  western  part  of  the  Alpine 
chain  are  larger  than  those  farther  east.  At  the  time  of  the  northern 
ice-sheet  a  similar  local  difference  existed.  The  present  snow-fields  and 
glaciers  of  these  mountains,  large  though  they  are,  form  no  more  than 
the  mere  shrunken  remnants  of  the  great  mantle  of  snow  and  ice  which 
then  overspread  Switzerland.  In  the  Bernese  Oberland,  for  example, 
the  valleys  were  filled  to  the  brim  with  ice,  which,  moving  northwards, 
crossed  the  great  plain,  and  actually  overrode  a  part  of  the  Jura 
Mountains;  for  huge  fragments  of  granite  and  other  rocks  from  the 
central  chain  of  the  Alps  are  found  high  on  the  slopes  of  that  range  of 
heights.  The  Ehone  glacier  swept  westward  across  all  the  intervening 
ridges  and  valleys,  and  left  its  moraine-heaps  in  the  valley  of  the  Bhone 
where  Lyons  now  stands.  At  the  same  time  the  high  grounds  of  the 
Lyonnais,  Beaujolais,  and  Auvergne  (Lat.  45°  S.)  had  their  glaciers. 
Others  flourished  on  the  Iberian  table-land,  at  least  as  far  south  as  the 
basin  of  the  Douro  (Lat.  41°).  Eastwards  in  corresponding  latitudes 
glacier  relics  become  scantier  and  disappear.  The  Vosges  possessed 
a  group  of  glaciers  which  have  left  behind  them  some  beautifully  perfect 
moraines.  Less  extensive  were  those  of  the  Black  Forest,  Sudetengebirge, 
and  Carpathians.  No  trace  of  glaciation  has  been  detected  in  the  Balkans. 
A  similar  relation  between  snowfall  and  glaciation  is  traceable  in  North 
America,  but  there  it  is  the  eastern  area  which  supported  the  massive 
ice-sheets,  while  the  western  plateaux  and  mountain-ranges,  which  were 
probably  then,  as  now,  comparatively  arid,  had  only  valley-glaciers. 

That  the  ice  in  its  march  across  the  land  striated  even  the  hardest 
rocks  by  means  of  the  sand  and  stones  which  it  pressed  against  them,  is 
a  proof  that,  to  some  extent  at  least,  the  terrestrial  surface  must  have 
been  at  this  time  abraded  and  lowered  in  level.  How  far  this  erosion 
proceeded,  or,  in  other  words,  how  much  of  the  undoubtedly  enormous 
denudation  everywhere  visible  over  the  glaciated  parts  of  Europe,  is 
attributable  to  the  actual  work  of  land-ice,  is  a  problem  which  may 
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never  be  even  approximately  solved.  There  seems  good  ground  for  the 
belief  that  a  thick  cover  of  rotted  rock — the  result  of  ages  of  previous 
subaerial  waste — lay  over  the  surfEice,  and  that  the  '*  glacial  deposits  " 
consist  in  great  measure  of  this  material,  moved  and  reasserted  by  ice 
and  water  (p.  325).  The  land  had  the  same  general  features  of  mountain, 
valley,  and  plain  as  it  has  now,  even  before  the  ice  settled  down  upon  it. 
But  the  prominences  reached  by  the  ice  were  rounded  off  and  smoothed 
over,  the  pre-glacial  soils  and  covering  of  weathered  rock  were  ground 
up  and  pushed  away,  the  valleys  were  correspondingly  deepened  and 
widened,  and  the  plains  were  strewn  with  ice-borne  debris.  It  is 
obvious  that  the  influence  of  the  moving  ice-sheets  has  been  far  from 
uniform  upon  the  rocks  exposed  to  it,  this  variation  arising  from  the 
differences  in  powers  of  resistance  of  the  rocks  on  the  one  hand,  and  in 
the  mass,  slope,  and  grinding  power  of  the  ice  on  the  other.  Over  the 
lowlands,  as  in  central  Scotland  and  much  of  the  north  German  plain, 
the  rocks  are  for  the  most  part  concealed  under  glacial  debris.  But  Iq 
the  more  undulating  hilly  ground,  particularly  in  the  north  and  north- 
west, the  ice  has  effected  the  most  extraordinary  abrasion.  It  is  hardly 
possible,  indeed,  to  describe  adequately  in  words  these  regions  of  most 
intense  glaciation.  The  old  gueiss  of  Norway  and  Sutherlandshire,  for 
example,  has  been  so  eroded,  smoothed,  and  polished,  that  it  stands  up 
in  endless  rounded  hummocks,  many  of  them  still  smooth  and  curved 
like  dolphins'  backs,  with  little  pools,  tarns,  and  larger  lakes  lying 
between  them.  Seen  from  a  height  the  ground  appears  like  a  billowy 
sea  of  cold  grey  stone.  The  lakes,  each  lying  in  a  hollow  of  erosion, 
seem  scattered  broadcast  over  the  landscape.  So  euduring  is  the  rock,  that, 
even  after  the  lapse  of  so  long  an  interval,  it  retains  its  ice-worn  aspect 
almost  as  unimpaired  as  if  the  work  of  the  glacier  had  been  done  only  a 
few  generations  since.^  The  abundant  smoothed  and  striated  rock-basin 
lakes  of  the  northern  parts  of  Europe  and  North  America  are  a  striking 
evidence  of  ice-action  (pp.  400,  942).  The  phenomenon  of  "  giants' 
kettles,"  characteristic  of  glaciated  rock-surfaces  in  Sweden,  Silesia,  and 
Switzerland  (p.  400)  is  another  mark  of  the  same  process  of  erosion. 

Ice-crumpled  Rock s. — Not  only  has  the  general  surface  of  the 
land  been  abraded  by  the  ice-sheets,  but  here  and  there  more  yielding 
portions  of  the  rocks  have  been  broken  off  or  bent  back,  or  corrugated 
by  the  pressure  of  the  advancing  ice.  Huge  blocks  200  yards  or  more 
in  length,  as  in  the  case  of  the  chalk  erratics  in  the  cliffs  of  Cromer, 
have  been  bodily  displaced  and  launched  forward  on  glacial  detritus. 
The  laminea  of  shales  or  slates  are  observed  to  be  pushed  over  or 
crumpled  in  the  direction  of  ice-movement.  Occasionally  tongues  of  the 
glacial  detritus  which  was  simultaneously  being  pressed  forward  under 
the  ice  have  been  intruded  into  cracks  in  the  strata,  so  as  to  resemble 
veins  of  eruptive  rock.^ 

*  Some  of  these  rochez  mouionnSes  niay  be  of  Palceozoic  ago  {Nature^  August  1880). 
»  On  the  (Usniption  of  the  Chalk  below   the  Till  of  Cromer    see  C.  ReiJ  on 
Geology  of  Cromer,  Mem.  Gtd,  Surv.y  1882.    For  analogous  phenomena  at  Moens  Klint, 
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Detritus  of  the  Ico-sheet — Bouldor-clay — Till. — Under- 
neath the  great  ice-sheet,  and  perhaps  partly  incorporated  in  the  lower 
portions  of  the  ice,  there  accumulated  a  mass  of  earthy,  sandy,  and  stony 
matter  (till,  boulder-clay,  "  grundmoriine,"  "  moraine-profonde,"  "  older 
diluvium")  which,  pushed  along  and  ground  up,  was  the  material  where- 
with the  characteristic  flowing  outlines  and  smoothed  striated  surfaces 
were  produced.^  This  "  glacial  drift "  spreads  over  the  low  grounds  that 
were  buried  under  the  northern  ice-sheet,  resting  usually  on  surfaces  of 
rock  that  have  been  worn  smooth,  disrupted,  or  crumpled  by  ice.  It  is 
not  spread  out,  however,  as  a  uniform  sheet,  but  varies  greatiy  in  thick- 
ness and  in  irregularity  of  surface.  Especially  round  the  monntainous 
centres  of  dispersion,  it  is  apt  to  occur  in  long  ridges  ("  drums,"  or 
"  drumlins  "),  which  run  in  the  general  direction  of  the  rock-striation, 
that  is,  in  the  path  of  the  ice-movement.  It  may  be  traced  up  many 
valleys  into  the  mountains,  underlying  the  moraines  of  the  later  glaciation. 
In  other  valleys,  it  has  been  removed  by  the  younger  glaciers. 

In  those  areas  which  served  as  independent  centres  of  dispersion  for 
the  ice-sheet,  the  boulder-clay  partakes  largely  of  the  local  character  of 
the  rocks  of  each  district  where  it  occurs.  Thus  in  Scotland,  the  clay 
varies  in  colour  and  composition  as  it  is  traced  from  district  to  district. 
Over  the  Carboniferous  rocks  it  is  dark,  over  the  Old  Red  Sandstones  it 
is  rod,  over  the  Silurian  rocks  it  is  fawn-coloured.  The  great  majority 
of  the  stones,  also,  are  of  local  origin,  not  always  from  the  immediately 
adjacent  rocks,  but  from  points  within  a  distance  of  a  few  miles. 
Evidence  of  transport  can  be  gathered  from  the  stones,  for  they  are 
found  in  almost  eveiy  case  to  include  a  proportion  of  fragments  which 
have  come  from  a  distance.  The  direction  of  transport  indicated  by 
the  percentage  of  travelled  stones  agrees  with  the  traces  of  ice-move- 
ment as  shown  by  the  rock-striw.  Thus,  in  the  lower  part  of  the  valley 
of  the  Firth  of  Forth,  while  most  of  the  fragments  are  from  the 
surrounding  Carboniferous  rocks,  from  6  to  20  per  cent,  have  come 
eastward  from  the  Old  Red  Sandstone  range  of  the  Ochil  Hills — a 
distance  of  25  or  30  miles — ^while  2  to  5  per  cent,  are  pieces  of  the 
Highland  rocks,  which  must  have  come  from  high  grounds  at  least 
60  miles  to  the  north-west.  The  farther  the  stones  in  the  till  have 
travelled,  the  smaller  they  usually  are.  As  each  main  mass  of  elevated 
ground  seems  to  have  caused  the  ice  to  move  outward  from  it  for  a 
certain  distance,  until  the  stream  coalesced  with  that  descending  from 

off  the  coast  of  Denmark,  see  Johnstmp,  Zeit.  Deutsch.  GeoL  Ge$.  xxvi.  (1874) 
p.  533.  Compare  also  H.  Gredner,  op,  ciL  xxxii.  (1880)  p.  75,  F.  WahDschaflfe,  op,  cit. 
xxxlv.  (1882)  p.  562. 

1  As  alreiEiay  suggested,  the  materials  of  the  till  may  have  consisted  largely  of  a 
layer  of  decompcwea  rock  due  to  prolonged  pre-^lacial  disintegration  (p.  325).  It  is 
difficult  to  explain  by  any  known  glacial  operation  the  accumulation  of  such  deep 
masses  of  detritus  below  a  sheet  of  moving  land-ice.  Another  problem  is  presented  by 
the  occasional  and  sometimes  extensive  preservation  of  imdisturbed  loose  pre-fflaci&l 
deposits  under  the  till.  The  way  in  which  the  "  Forest-bed'*  g^up  has  escaped  for  so 
wide  a  space  under  the  Cromer  cliffs,  with  their  proofs  of  enormous  ice  movement,  is  a 
remarkable  example. 
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some  other  height,  the  bottom-moraine  or  boulder-clay,  as  it  was  pushed 
along,  would  doubtless  take  up  local  debris  by  the  way,  the  detritus  of 
each  district  becoming  more  and  more  ground  up  and  mixed,  until  of  the 
stones  from  remoter  regions  only  a  few  harder  fragments  would  be  loft. 
In  oases  where  no  prominent  ridges  interrupted  the  march  of  the  ice- 
sheet,  and  whore  the  ground  was  low  and  covered  with  soft  loose 
deposits,  blocks  of  hard  crystalline  rocks  might  continue  to  be  recog- 
nisable far  from  their  source.  Thus  in  the  stony  clay  and  gravel  of  the 
plains  of  northern  Germany  and  Holland,  besides  the  abundant  locally- 
derived  detritus,  fragments  occur  which  have  had  an  unquestionably 
northern  origin.  Some  of  the  rocks  of  Scandinavia,  Finland,  and  the 
Upper  Baltic  are  of  so  distinctive  a  kind  that  they  can  be  recognised  in 
small  pieces.  Thus  the  peculiar  syenite  of  Laurwig,  in  the  south 
of  Norway,  has  been  found  abundantly  in  the  drift  of  Denmark;  it 
occurs  also  in  that  of  Hamburg,  and  has  been  detected  even  in  the 
boulder-clay  of  the  Holdemess  cliffs  in  Yorkshire.  The  well-known 
rhombenporphyr  of  southern  Norway  has  likewise  been  recognised  at 
Holdemess.  Fragments  of  the  Silurian  rocks  from  Gothland,  or  from 
the  Eussian  islands  Dago  or  Oesel,  have  been  met  with  as  far  as  the 
north  of  Holland.  Pieces  of  granite,  gneiss,  various  schists,  porphyries, 
and  other  rocks,  probably  from  the  north  of  Europe,  occur  in  the  till  of 
Norfolk.^  These  transported  fragments  are  an  impressive  testimony  to 
the  movements  of  the  northern  ice.  No  Scandinavian  blocks  have  been 
met  with  in  Scotland,  for  the  Scottish  ice  was  massive  enough  to  move 
out  into  the  basin  of  the  North  Sea,  until  it  met  the  northern  ice-sheet 
streaming  down  from  Scandinavia,  which  was  thereby  kept  from  reaching 
the  more  northerly  parts  of  England. 

The  stones  in  the  boulder-clay  have  a  characteristic  form  and 
surface.  They  are  usually  oblong,  have  one  or  more  flat  sides  or 
"soles,"  are  smoothed  or  polished,  and  have  their  edges  worn  round 
(Fig.  154).  Where  they  consist  of  a  fine-grained  enduring  rock,  they 
are  almost  invariably  striated,  the  striaB  running  on  the  whole  with  the 
long  axis  of  the  stone,  though  one  set  of  scratches  may  be  seen  crossing 
and  partially  effacing  another,  which  would  necessarily  happen  as  the 
stones  shifted  their  position  under  the  ice.  These  markings  are  precisely 
similar  to  those  on  the  solid  rocks  underneath  the  boulder-clay,  and 
have  manifestly  been  produced  in  the  same  way  by  the  mutual  friction 
of  rocks,  stones,  and  grains  of  sand  as  the  whole  mass  of  debris  was  being 
steadily  pushed  on  in  one  general  direction. 

Interglacial  Bed s. — The  boulder-clay  is  not  one  uniform  mass 
of  material.  In  a  limited  section,  indeed,  it  usually  appears  as  an 
unstratified  mass  of  stiff  stony  day.  But  it  is  found  on  further  examina- 
tion to  be  split  up  with  various  inconstant  and  local  interstratifications, 
and  in  fact  to  consist  of  a  group  of  deposits  of  different  ages,  formed 

'  These  erratics,  from  their  petronaphical  characters,  appear  to  me  to  he  certainly 
not  from  Scotland.  Had  that  heen  their  source  they  could  not  have  failed  to  bo  accom- 
panied by  abundant  fragments  of  the  rocks  of  the  south  of  Scotland,  which  are  con- 

uously  absent* 
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under  very  various  conditions.  Beds  of  sand,  gravel,  fine  clay,  and 
peaty  layers  on  different  platforms  in  the  boulder-clay,  bear  witness  to 
intervals  when  the  ice  retired  from  the  land,  which,  so  far  as  uncovered, 
was  eventually  clothed  with  vegetation.  Hence  the  long  glacial  period 
must  have  been  interrupted  by  episodes,  probably  of  considerable 
duration,  when  a  milder  climate  prevailed.  Such  an, 'alternation  of 
conditions  is  explained  on  the  hypothesis  discussed  in  previous  pages 
(pp.  21-29).  During  these  intervals,  the  climate  in  our  hemisphere  was 
probably  much  more  equable  and  mild  than  at  present,  with  a  higher 
mean  temperature  and  a  greater  precipitation  of  moisture.^  As  a  result 
of  these  more  favourable  conditions  vegetation  flourished  even  far  north 
where  it  can  now  hardly  exist.  The  frozen  tundras  of  Siberia  appear 
then  to  have  supported  forests  which  have  long  since  been  extirpated, 
but  the  present  northern  limit  of  living  trees  lies  far  to  the  southward. 
Indications  of  a  more  equable  and  milder  climate  are  likewise  supplied 
by  the  plant-remains  found  in  the  Pleistocene  tufas  of  different  parts  of 
Europe,  where  species  now  restricted  to  more  southern  countries  were 
then  able  to  flourish  together  with  those  which  are  still  native  there.* 
In  the  interglacial  deposits  occasional  beds  of  lignite  occur. 

The  fauna  of  the  northern  parts  of  our  hemisphere  was  then  an 
extraordinary  one.  It  was  marked  more  especially  by  the  presence  of 
the  last  of  the  huge  pachyderms,  which  had  for  so  many  ages  been  the 
lords  of  the  Euroi>ean  forests  and  pastures.  The  hairy  mammoth  and 
woolly  rhinoceros  roamed  over  the  plains  of  Siberia  and  across  most,  if 
not  the  whole,  of  Europe.  These  animals  were  probably  driven  south- 
ward by  the  increasing  cold,  and  they  appear  to  have  survived  some  of 
the  interglacial  periods,  returning  into  their  fonner  haunts  when  a  less 
wintry  climate  allowed  the  vegetation  on  which  they  browsed  once 
more  to  overspread  the  land.^  Some  of  the  mammals  now  restricted  to 
the  far  north  likewise  found  their  way  into  countries  from  which  they 
have  long  disappeared.  The  reindeer  migrated  southwards  into  Switzer- 
land,* the  glutton  into  Auvergne,  while  the  musk-sheep  and  Arctic  fox 
travelled  certainly  as  far  as  the  Pjnrenees.  As  the  climate  became  less 
chilly,  animals  of  a  more  southern  type  advanced  into  Europe:  the 
porcupine,  leopard,  African  lynx,  lion,  striped  and  spotted  hytcnas, 
African  elephant,  and  hippopotamus.  With  each  great  oscillation  of 
climate  there  would  be  a  corresponding  immigration  and  emigration  of 
northern  and  southern  types. 

»  J.  Oroll.  Phil  Mag.  1885,  p.  86. 

2  Nathorst,  Engler'a  Botanieche  Jahrh.  1881,  p.  431:  C.  Schroter,  *  Dio  Flora  der 
Eiszcit/  Zurich,  1883. 

»  The  mammoth  lived  in  the  neighbourhood  of  the  extinct  volcanoes  of  central 
Italy,  which  were  then  in  full  activity.  From  discoveries  in  Finland,  it  has  been 
inferred  that  tho  extinction  of  this  aninud  may  not  have  been  mucli  before  historical 
times.  A.  J.  Malmgren,  Oefv,  Finsk.  Vet,  Soc.  Fork.  xvii.  p.  139.  Consult  Bord 
Dawkins  on  the  lange  of  the  mammoth  in  space  and  time :  Q.  /.  Oeol.  Soc.  xxxv.  (1879) 
p.  138  ;  and  Howorth,  Geol  Mag.  1880. 

*  On  the  distribution  of  1  |,e  reindeer  at  present  and  in  older  time,  see  C.  SlmckmanD, 
ZeiUch.  Deutsch.  Geol.  Ges.  xxxii.  (1880)  \).  728. 
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Evidonccs  of  Submergence, — After  the  ice  hod  atbuned  its 
greatest  development,  some  portions  of  north-western  Europe,  which  had 
perhaps  stood  at  a  higher  level  above  the  aea  than  they  have  done  since, 
began  to  subside.  The  ice-fields  were  carried  down  below  the  sea-level, 
where  they  broke  up  and  cumbered  the  sea  with  floating  bergs.  The 
he8i>s  of  loose  debris  which  had  gathered  under  the  ice,  lieiug  now 
expoHe<l  to  waves,  ground-swell,  and  marine  currente,  were  thereby 
more  or  less  washed  down  and  reassorted.  Coast-ico,  no  doubt,  still 
formed  along  the  shores,  uid  was  broken  up  into  moving  floes,  as 
happens  every  year  now  in  northern  Greenland.  The  proofs  of  this 
phase  of  the  long  glacial  period  are  contained  in  shell-bearing  sands, 
gravels,  and  clays  which  overlie  the  coarse  older  till,  and  are  perhaps, 
to  some  exteut,  fiimisbcd  by  orratio  blocks.'  It  is  difficult  to  determine 
the  extent  of  the  submergence,  for,  when  the  land  rose,  the  more 
elevated  ])ortionB  continued  to  be  seats  of  glaciers,  which,  moving  over 
the  surface,  destroyed  the  deposits  that  would  otherwise  have  remained 
as  witnesses  of  the  presence  of  the  sea,  while  at  the  same  time  the  great 
bodies  of  water  discharged  from  the  retreating  glaciers  and  snow- 
fields  must  have  done  much  to  reassort  the  detritus  on  the  surface  of  tho 
land.  From  the  evidence  of  marine  shells,  soathcm  Scandinavia  is 
believed  to  have  sunk  about  600  feet  below  its  present  level,  and  North 
Wales  at  least  1350  feet.  But  these  shelly  dei»osits  are  probably  not 
conclusivo  proofs  of  submergence.' 

That  ice  continued  to  float  about  in  these  waters  is  shown  by  tho 
striated  stones  contained  in  tho  fine  clays,  and  by  the  remarkably  con- 
t«rt«tl  structure  which  these  clays  occasionally  display.  Sections  may 
bo  seeu  (as  at  Cromer)  where,  upon  jicrfectly  undisturbed  horizontal 
strata  of  clay  and  sand,  other  similar  strata  have  been  violently  crumpled, 
while  horizontal  beds  lie  directly  upon  them.  These  contortions  may 
have  been  produced  by  the  horizontal  pressure  of  some  heavy  body 
moving  upon  the  originally  flat  bods,  such  as  ice  in  tho  form  of  an 
io»-8heet  or  of  large  stranding  masses  driven  aground  in  the  fjords  or 
shallow  waters  where  the  clays  accumulated ;  or  possibly,  in  some  cases, 
aheota  of  ioo,  laden  with  stones  and  earth,  sank  and  were  covered  np 
with  sand  and  day,  which,  on  the  subsequent  melting  of  the  ice,  would 
mibaide  irregularly.  Another  indication  of  the  presence  of  floating  ico 
is  fomiahed  by  large  scattered  boulders,  lying  on  the  stratified  sands  and 
gravels.    Though  these  blocks  probably  belong  as  a  rule  to  the  time  of 

nm~^nnt  nf  tha  diipermon  of  the  "  erratica  "  of  Gugluud  ftod  Walei,  see 

"     '     U'.uJ.  Sx.  siiT.  (1879)  p.  425;    nnd  Itppotli  of  Ihe  Oomniitlea 

I^Ato  tliiambject  bf  thoBiitUh  Aseociatioi),  IHlittieq.    For  those  of 

luuuli  iufurmnliori  hoi  been  gathered  by  the  Bouldei  Committee  of  tho  Rojul 

Edinburgh :  I'u--.  Boj/.  Hoc.  Min.  ISTl-iEM.    Erratic  blockd  have  probnbl; 

,  — :__•..,  gf  cnaiH  been  diapereed  by  land-ice,  and  not  by  flooling  ire. 

la  ot  mndna  ihelu  in  a  Kwcial  depoait  need  not  prove  aubtaergence 

Ibcy  may  have  been  pushed  up  from  the  aoa-floor  by  moving  ice,  h 

Hht'lly  till  oTthe  weit  of  fieotland, Caithnesa,  UoldenioM,  and  Cromtr. 

li&To  been  the  origin  of  the  ^lly  depoeita  found  ti  high  leveU  in 

"  bf  dotennlDed. 
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the  chief  glaciation,  thoy  may  in  some  cases  have  been  shifted  about  by 
floating  ice  during  the  submergence. 

Second  Glaciatio n — K e-e  1  e v a t i o n — B aised  Beache b. — 
When  the  land  re-emerged  from  its  depression,  the  temperature  all  over 
central  and  northern  Europe  was  again  severe.  The  northern  ice-sheet 
once  more  advanced  southwards,  b\it  did  not  again  attain  nearly  the 
same  dimensions.  From  the  direction  of  the  stria?,  it  would  appear 
sometimes  to  have  moved  diflTerently  from  its  previous  course,  occasion- 
ally even  at  right  angles  to  it.  In  the  basin  of  the  Baltic,  for  example, 
the  later  direction  of  the  ice-stream  appears  to  have  been  south-west- 
Avards  and  westwards.  Besides  the  evidence  of  this  direction  furnished 
by  striated  rock-surfaces,  abundant  fragments  of  the  fossiliferous 
Silurian  rocks  of  Gothland  are  strewn  over  the  Germanic  plain  even  as 
far  as  Holland.  As  the  ice-sheet  shrank,  that  portion  of  it  which 
covered  Britain  was  now  reduced  to  local  glaciers  that  occupied  the 
hollows  of  the  mountains  and  higher  hills.  These,  however,  were  still 
large  enough,  among  the  loftier  snow-fields  of  the  time,  to  accumulate  in 
front  of  lateral  valleys,  and  choke  them  up  so  as  to  dam  back  the  water 
and  cause  it  to  flow  out  in  an  opposite  direction  by  the  col  at  the  head. 
In  these  natural  reservoirs,  the  level  at  which  the  water  stood  for  a  time 
was  marked  by  a  horizontal  ledge  or  platform,  due  partly  to  erosion  of 
the  hill-side,  but  chiefly  to  the  arrest  of  the  descending  debris  when  it 
entered  the  water.  The  famous  "  Parallel  Roads  of  Glen  Boy  "  are  the 
most  familiar  examples. 

Not  only  did  every  group  of  mountains  nourish  its  own  glaciers ;  even 
small  islands,  such  as  Arran  and  Hoy  in  Scotland,  had  their  snow-fields, 
whence  gl6M3iers  crept  down  into  the  valleys  and  shed  their  moraines. 
It  would  appear  indeed  that  some  of  the  northern  glaciers  of  Scotland 
continued  to  recu;h  the  sea-level  even  when  the  land  had  there  risen 
to  near  or  quite  its  present  elevation.  On  the  east  side  of  Sutherland- 
sliire,  the  moraines  descend  to  the  50-feet  raised  beach ;  on  the  west  side 
of  the  same  county,  at  the  he€id  of  Loch  Eriboll,  they  come  down  to  the 
sea-level  and  even  extend  underneath  the  water.  The  higher  mountains 
of  Europe  still  show  the  descendants  of  these  later  glaciers,  but  the  ice 
has  retreated  from  the  lower  elevations.  In  the  Vosges,  the  glaciers 
have  long  disappeared,  but  their  moraines  remain  still  fresh.  In  Wales, 
Cumberland,  and  the  southern  uplands  and  highlands  of  Scotland, 
where  moraines,  perched  blocks,  and  roches  moutonnSes  attest  the  abun- 
dance and  persistence  of  the  last  glaciers,  it  is  i>ossible  to  trace  the 
stages  of  the  gradual  retreat  of  the  ice  towards  its  parent  snow-fields,  in 
the  crescent-shaped  moraine-mounds  that  lie  one  behind  another,  until 
they  finally  die  out  about  the  head  of  the  valley,  near  what  must  have 
been  the  edge  of  the  snow-field. 

From  the  melting  fronts  of  the  retiring  ice-sheet  and  glaciers  there 
would  doubtless  be  a  copious  discharge  of  water.  As  the  ice-sheet  had 
overridden  the  land  and  buried  its  minor  inequalities,  there  would  be 
great  diversity  in  the  level  of  the  bottom  of  the  ice,  and  consequently  the 
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escaping  water  would  at  first  flow  with  little  relation  to  the  present 
main  drainage  lines.  Streams  of  water  might  be  lot  loose  over  the 
plateaux  and  hilly  ridges  as  well  as  over  the  plains.  There  could 
hardly,  therefore,  fail  to  be  much  rearrangement  of  the  detritus  left  by 
the  ice.  Possibly  to  this  part  of  the  Ice  Age  and  to  this  kind  of  action 
we  should  attribute  the  masses  of  gravel  and  sand  which,  over  so  much 
of  northern  Europe,  rest  on  boulder-clay.  Among  these  accumulations 
are  the  sheets  of  coarse,  well-rounded  gravel  (plateaii-gravel),  which, 
with  no  recognisable  relation  to  the  present  contours  of  the  ground,  are 
spread  over  the  plains  and  low  plateaux,  and  fill  up  many  valleys. 
These  gravels  rest  sometimes  on  boulder-clay,  sometimes  on  solid  rock, 
and  are  older  than  the  valley  alluvia.  They  have  evidently  not  been 
formed  by  any  ordinary  river-action,  nor  is  it  easy  to  see  how  the  sea 
can  have  been  concerned  in  their  formation.  They  are  well  developed 
in  Norfolk  and  adjacent  tracts  of  the  south-east  of  England,  where  they 
consist  mainly  of  well-rounded  flints  (cannon-shot  gravel). 

Still  more  remarkable  are  the  accumulations  of  sand  and  gravel  to 
which  the  name  of  "Kame  group"  has  been  given.  Covering  the 
lower  ground  in  a  sporadic  manner,  often  tolerably  thick  on  the  plains^ 
these  dei)osits  rise  up  to  heights  of  1000  feet  or  more.  In  some  placeS) 
they  cannot  be  satisfactorily  separated  from  the  sands  and  gravels 
associated  with  the  boulder-clay,  in  others  they  seem  to  merge  into  the 
sandy  deposits  of  the  raised  beaches,  while  in  hilly  tracts  it  is  some- 
times hard  to  distinguish  between  them  and  true  moraine-stUff.  Theil* 
most  remarkable  mode  of  occurrence  is  wlien  they  assume  the  form  of 
mounds  and  ridges,  which  run  across  valleys  and  plains,  along  hillsides, 
and  even  over  watersheds.  Frequently  these  ridges  coalesce  so  as  to 
enclose  basin-shaped  hollows,  which  are  often  occupied  by  tarns.  Many 
of  the  most  marked  ridges  are  not  more  than  50  or  60  feet  in  diameter, 
sloping  up  to  the  crest,  which  may  be  20  or  30  feet  above  the  i)lain.  A 
single  ridge  may  occasionally  be  traced  in  a  slightly  sinuous  course  tot 
several  mUes.  These  ridges,  known  in  Scotland  as  Kames,  in  Ireland  as 
Eskers,  and  in  Scandinavia  as  Osar,  consist  sometimes  of  coarse  gravel 
or  earthy  detritus,  but  more  iisually  of  clean,  well-stratified  sand  and 
gi*avel,  the  stratification  towards  the  surface  corresponding  with  thd 
external  slopes  of  the  ground,  in  such  a  manner  as  to  prove  that  the 
ridges  are  usiially  original  forms  of  deposit,  rather  than  the  result  of  the 
irregular  erosion  of  a  general  bed  of  sand  and  gravel.  Some  writers 
have  compared  these  features  to  the  submarine  banks  formed  in  the 
pathway  of  tidal  currents  near  the  shore.  But  they  api>ear  rather  to  bo 
of  terrestrial  origin,  due  in  some  way  to  the  melting  of  the  great  snow- 
fields  and  glaciers,  and  the  conseqiient  discharge  of  large  quantities  of 
water  over  the  country.  But  no  very  satisfactory  explanation  of  thoit 
mode  of  formation  has  yet  been  given. 

Over  the  tracts  from  which  the  ice-sheet  retired,  lakes  are  usually 
scattered  in  large  numbers.  Some  of  these  lie  ir^  ice-worn  basins  of 
rock.     Where  the  detritiis  has  l>cen  strewn  thickly  over  the  ground, 
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however,  they  lie  in  hollows  of  the  clay,  earth,  sand,  or  gravel.  The 
origin  of  these  depressions  in  the  drifts  cannot  be  found  in  any  denuding 
operation  since  the  ice  left.  They  are  obviously  original  features  of  the 
surface,  dating  back  to  the  time  when  the  various  drifts  were  laid  down. 
In  some  cases  they  may  be  due  to  irregular  deposition  of  the  detritus, 
as  where  successive  moraines  are  thrown  across  a  valley.  The  small 
pools  may  sometimes  have  been  originated  by  the  melting  of  por- 
tions of  ice  which  had  become  detached  from  the  main  mass,  and  were 
surrounded  by  or  buried  under  detritus.  Many  small  rock-basins  may 
have  had  their  place  and  form  determined  by  that  prolonged  deep  sub- 
aerial  rotting  already  referred  to,  while  others  maybe  referable  to  under- 
ground movements.  But  the  glaciers,  in  smoothing  and  polishing  the 
rocks,  wore  them  down  unequally,  hollowing  them  into  rock-basins, 
leaving  them  in  prominent  smoothed  domes,  and  carrying  the  same 
characteristic  sculpture  over  all  the  durable  rocks  exposed  in  the  areas 
of  in  tenser  glaciation. 

The  uprise  of  the  land  in  Scandinavia  and  Britain  took  place  inter- 
ruptedly. During  its  progress  it  was  marked  by  long  pauses  when  the 
level  remained  unchanged,  when  the  waves  and  floating  ice  cut  ledges 
along  the  sea-margin,  and  when  sand  and  gravel  were  accumulated 
below  high-water  mark  in  sheltered  parts  of  the  coast-line.  These 
platforms  of  erosion  and  deposit  (raised  beaches)  form  conspicuous 
features  at  successive  heights  above  the  present  level  of  the  sea  (p.  262). 
The  coast  of  Scotland  is  fringed  with  a  succession  of  them.  Those  below 
the  level  of  100  feet  above  the  sea  are  often  remarkably  fresh.  The 
100-feet  terrace  forms  a  wide  plateau  in  the  estuary  of  the  Forth,  and 
the  50-feet  terrace  is  as  conspicuous  in  that  of  the  Clyde.  In  Scandi- 
navia, especially  in  the  northern  parts  of  Norway,  the  successive 
pauses  in  the  last  uprise  of  the  land  are  impressively  revealed  by  long 
lines  of  terraces  which  wind  around  the  hill-slopes  that  encircle  the 
fjords  (p.  263). 

The  records  of  the  closing  .ages  of  the  long  and  varied  Glacial 
Period  merge  insensibly  into  those  of  later  geological  times.  It  is 
obvious  that  besides  the  effect  of  a  general  change  of  climate  operating 
over  the  whole  of  the  northern  hemisphere,  we  must  remember  the 
influence  which  the  natural  features  of  different  countries  had  upon  the 
climate.  From  the  plains,  the  ice  and  snow  would  retire  sooner  than 
from  the  hills.  In  fact,  we  may  regard  some  parts  of  Europe  as  still 
retaining  the  conditions  of  the  Glacial  Period,  though  in  diminished 
intensity,  the  present  glaciers  of  the  Alps  being,  no  doubt,  the  lineal 
descendants  of  the  vaster  sheets  that  once  descended  into  the  lowlands 
on  all  sides  from  that  central  elevated  region.  And  even  where  the  ice 
has  long  since  disappeared,  there  remain,  in  the  living  plants  and 
animals  of  the  higher  and  colder  uplands,  witnesses  to  the  former 
severity  of  the  climate.  As  that  severity  lessened,  the  Arctic  vegeta- 
tion, that  hitherto  had  peopled  all  the  lower  grounds  of  central  and 
western  Europe,  was  driven  up  into  the  hills  before  the  advance  of 
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plants  loving  a  milder  temperature,  which  had  donbilesB  been  natives 
of  Europe  before  the  period  of  great  cold,  and  which  were  now  enabled 
to  reoccupy  the  sites  whence  they  had  been  banished.  On  the  higher 
mountains,  where  the  climate  is  still  not  wholly  uncongenial  for  them, 
and  likewise  here  and  there  at  lower  levels,  colonies  of  the  once  general 
Arctic  flora  still  survive.  The  Arctic  animals  have  also  been  mostly 
driven  away  to  their  northern  homes,  or  have  become  wholly  extinct. 
But  the  remains  both  of  the  Arctic  plants  and  animals  abound  in  the 
lacustrine  clays,  peat-mosses  and  other  deposits  of  the  glacial  series,  even 
down  into  the  heart  of  Europe. 

It  has  been  forcibly  pointed  out  by  Mr.  Wallace  that  the  present 
mammalian  fauna  of  the  globe  presents  everywhere  a  striking  contrast 
to  the  extraordinary  variety  and  great  size  of  the  mammals  of  the 
Tertiary  periods.  "  We  live,"  he  says,  "  in  a  zoologically  impoverished 
world,  from  which  all  the  largest,  and  fiercest,  and  strangest  forms  have 
recently  disappeared."  ^  He  connects  this  remarkable  reduction  with 
the  refrigeration  of  climate  during  the  Glacial  Period.  The  change,  to 
whatever  cause  it  may  be  assigned,  is  certainly  remarkably  persistent 
in  the  Old  World  and  in  the  New,  and  not  merely  in  the  temperate  and 
northern  regions,  but  even  as  far  south  as  the  southern  slopes  of  the 
Himalaya  Mountains. 

'         §2.  Local  Development. 

Britftin.* — Though  the  generalised  Biiccession  of  phenomena  above  given  is 
usually  observable,  some  variety  is  traceable  in  the  evidence  in  different  ports  of  the 
British  area.  In  Scotland,  where  the  ground  is  generally  more  elevated,  and  where 
snow  and  ice  were  most  abundant,  the  phenomena  of  glaoiation  reached  their  maximum 
development.  In  the  high  grounds  of  England,  Wales,  and  Ireland  there  was  like- 
wise extensive  accumulation  of  ice.  The  ice-worn  rocks  of  the  low  grounds  are  usually 
covered  with  boulder-clay,  which  in  Scotland  is  interetratified  with  beds  of  sand,  fine 
clay,  and  peat,  marking  interglaoial  terrestrial  periods,  but  has  never  yielded  any 
marine  organisms  except  near  the  coast,  where  they  are  sometimes  common,  and  in  one 
locality  in  Lanarkshire.  In  England,  marine  shells,  usually  fragmentary,  occur  in 
the  boulder-clays  both  in  the  eastern  and  western  counties.  The  ice-sheet  no  doubt 
passed  over  some  parts  of  the  sea-bottom,  and  ground  up  the  shell-banks  that  happened 
to  lie  in  its  way,  as  has  happened,  for  example,  in  Caithness,  Holderness,  and  East 
Anglia,  where  the  shells  in  the  boulder-clay  are  fragmentary,  and  sometimes  ice- 
striated.  The  "  Bridlington  Crag  "  of  Yorkshire,  according  to  Messrs.  Sorby,  Lamplugli 
and  Reid,  is  a  large  fragment  torn  from  a  submarine  shell-clay,  and  imbedded  in  the 
boulder-clay.  With  the  exception  of  such  marine  enclosures,  the  organic  contents  as 
well  as  the  physical  characters  of  the  Scottish  till  point  to  terrestrial  conditions  of 
deposit  under  the  ice-sheet. 

>  *  Geographical  Distribution  of  Animals,'  i.  p.  150.    Consult  also  Asa  Gray,  Nature, 

xix.  p.  327  (3€3). 

2  Besides  the  general  works  already  cited,  the  following  recent  special  papers  in  the 
Quarterht  Journal  of  the  Geolog^ical  Society  may  be  consulted:  Wales,  Mackintosh,  1882, 
p  184-  I.  W.  E.  David,  1883,  p.  39.  NW.  England,  Mackintosh.  1879,  p.  425, 1880, 
p!  178;  T.  M.  Reade,  1874,  p.  27,  1883,  p.  83.    SE.  England,  Searles  V.  Wood,  jun.. 
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The  records  of  tlio  robmerfiion  of  Britain  are  probably  Terj  incomplete.  If  we  rely 
(inly  OD  tlic  i^vidcDce  of  uatraDspoTted  mar[no  sliclls,  we  obtain  tbe  lownt  limit  of 
depression.  IJut,  aa  above  remarked,  the  mere  presence  of  marine  ihella  cannot  alwayi 
bn  accepted  as  conclusive.  Af^in,  the  renewed  ice  and  bdqw,  afUr  ie-dB*BtioD,  nuiy 
well  have  destroyed  moat  nf  tho  shell-bede,  and  their  dcatmction  would  be  most  oom- 
pleto  where  the  tinow-Delda  nnd  glaciers  ^cro  rnont  extennre.  Beds  of  sand  and 
(Travel  witli  roront  Bliella  have  been  oliservod  on  Moel  Tryfaen,  in  North  Walea,  at  a 
height  of  i:)30  feet,  but  the  Bliella  are  broken  and  show  such  a  curioas  commiiigling 
of  spocicB  08  to  indicate  tijftt  tlicy  are  probobly  not  really  in  place.  In  Cbeahire^ 
matiiio  ahelta  occur  nt  1200  feet.  In  Scotland  tlicy  have  been  obtained  at  521 
feet  in  the  lioulder-elay  at  the  Lannrksliirc  locality  idrcady  referred  to ;  but  the  layer 
oanlaining  tlicin  may  have  been  tmnsportcd  by  the  ice-sheet.  Subsequent  elevation  of 
the  laud  has  bronglit  up  within  tide-marks  some  of  tlie  clays  depoeited  OTer  the  aea- 
flonr  dnrinf;  the  time  of  the  Bulimergonce.  In  tbe  Clydo  basin  and  in  aome  of  tlio 
western  0orda,  tlieie  clays  (Clyde  Beds)  nrc  full  of  shells.    Comparing  the  specie*  irith 


a.  VttUn  l^liiKlknx.  Mnll.  (|)i  b.  Lei*  tnn 
MHl.)  (0:  d.  I'ellini  lu>.  Umelln  (T. 
/.  Nolira  cl»u«,  Diwl.  and  Snu-.  (J);  g,  - 


I.— Gniiip  of  Shell"  fttm  the  ScoIIIbIi  Gliciil  DuR 
^  Led*  trmtati.  Bnmn  (;);  e.  I.nU  l»nrrol»u, Sow.  (VoMlai 


™)(1). 


tlioaj  of  I  ho  adjacent  seas,  weSnd  them  tuhemoiobi.realiii  chnr.icler;  nearly  tho  whole 
of  tho  species  still  live  iu  fiwittish  aoas,  Oiough  a  fci?  are  extremely  rare.  Some  of  the 
more  cliuraotcrietio  northern  eliells  in  these  deposits  are  FfetiH  idintdimt,  TtllUa  Mn 
(T.  ailmna),  Leda  Irr.ueata,  L.  laneeohla  (Yoldia  nrelien  ,  Sailatra  ru^ora,  Panopra 
HM'rrgiVn,  TrO}ihon  lealari/orme  (T.  elaltimtuiu),  and  Natiea  elama  (Fig.  430). 

Of  the  later  atn^es  of  the  Glacial  Perioi],  the  records  are  much  Ihe  aaine  all 
over  Britain,  oll.iwance  being  made  fur  the  greater  coid  niid  longer  lingering  of  the 
glaciers  in  t!io  north  Uian  in  the  soutli,  oml  among  (he  hills  tlinn  on  the  plains. 

In  Scotland  the  following  may  bo  tiiken  as  tho  average  sucocasion  <.f  glacial 
phenomena  in  descending  order ; — 

Ijut  traces  of  glaciers,  smiill  momines  nt  the  foot  of  corries  sroong  thu  higher 
mouiitniu  groupa.  The  glacier*,  no  doubt,  lingered  longest  sniong  the  hJiflier 
inount-iius  of  the  north-west  (llighlandi,  GnllOB-ay,  Leail  Hill.,  Hartftll  sad 
I.oi;h  Skene,  Armii,  Mull,  Stye,  Harris,  Orkney,  Shetland). 
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Marine  terraces  (50  feet  and  higher).  Clay-beds  of  the  Arctic  sea-bottom  C^Iydc 
Beds)  containing  northern  mollusks.  The  marine  terraces  prove  a  submergence 
of  at  least  100  feet  beneath  the  present  level  of  the  land.  How  much  beyond 
that  limit  the  submergence  reached  has  still  to  be  determined. 

Large  moraines,  showing  that  the  glaciers  of  the  second  period  descended  to  the 
line  of  the  present  sea*  level  in  the  north-west  of  Scotland. 

Erratic  blocks,  chiefly  transported  by  the  first  ice-sheet,  but  partly  also  by  the  later 
glaciers,  and  partly  by  floating  ice  during  the  period  of  submergence. 

Sands  and  gravels — Kame  or  Esker  series,  sometimes  containing  terrestrial  organ- 
isms, sometimes  marine  shells. 

Upper  boulder-clays — rudely  stratified  clays  with  sands  and  gravels. 

Till  or  lower  boulder-clay  (bottom  moraine  of  the  ice-sheet) — a  stiff  stony  un- 
stratified  clay,  varying  up  to  100  feet  or  more  in  thickness.  It  contains  inter- 
calated bands  of  fine  sand,  finely  laminated  clays,  layers  of  j)eat  and  terrestrial 
vegetation,  and  bones  of  mammoth  and  reindeer  (inter-glacial  beds),  also  in  some 
places  fragmentary  or  entire  Arctic  and  boreal  marine  shells.  The  boulder-clay 
spreads  over  the  lower  grounds,  often  taking  the  form  of  parallel  ridges  or  drums. 

Ice-worn  rock  surfaces. 

Over  a  great  part  of  England  and  Ireland  the  drift  deposits  are  capable  of  sub- 
division as  follows : — 

4.  Morainei  (North  Wales,  Lake  District,  &c.)  and  raised  beaches. 

3.  Upper  boulder-clay — a  stiff'  stony  clay  or  loam  with  ice-worn  stones  and  inter- 
calations of  sand,  gravel,  or  silt  (Chalky  boulder-clay  of  East  Anglia).  It 
occasionally  contains  marine  shells. 

2.  Middle  sands  and  gravels,  containing  marine  shells.  Near  Yarmouth,  the  middle 
glacial  beds  have  yielded  shells  of  a  more  southern  aspect.  At  Macclesfield 
(1200  feet  above  the  sea),  there  have  been  found  Cytherea  chionCj  Cat'dium 
titsiicwnf  Area  lactca,  TeUina  balthkay  Cyprina  ishndica,  Astarte  rnvticoj  and 
other  shells  now  living  in  the  seas  around  Britain,  but  indicating  perhaps  bv 
their  grouping  a  rather  colder  climate  than  the  present.  In  Ireland,  marine 
shells  of  living  British  species  occur  at  heights  of  1300  feet  above  the  sea. 
But,  for  the  reason  already  assigned,  the  submergence  may  not  have  been 
nearly  so  great  as  these  high-lying  shelly  deposits  might  be  supposed  to  indicate. 

1.  Ijower  boulder-clay — ^a  stiff  clayey  deposit  stuck  full  of  ice-worn  blocks,  and 
equivalent  to  the  till  of  Scotland.  On  the  east  coast  of  England  (Holdemess, 
Lincoln  and  Norfolk),  it  contains  fragments  of  Scandinavian  rocks ;  in  par- 
ticular, gneiss,  mica-schist,  quartzite,  granite,  syenite,  rhombenporphyr ;  also 
pieces  of  red  and  black  flint,  probably  from  Denmark,  and  of  Carboniferous  lime- 
stone and  sandstone,  which  have  doubtless  travelled  from  the  north.  Along 
the  Norfolk  cliffs,  it  presents  stratified  intercalations  of  gravel  and  sand, 
which  have  been  extraordinarily  contorted.  As  in  Scotland,  the  true  lower 
boulder-clay  in  the  north  of  England  and  Ireland  is  often  arranged  in  parallel 
ridges  or  drums  in  the  prevalent  line  of  ice-movement.  As  above  mentioned, 
the  **  crag  **  of  Bridlington,  Yorkshire,  is  probably  a  fragment  of  an  old 
marine  glacial  shell-bearing  clay,  torn  up  and  imbedded  in  the  boulder-clay  of 
the  first  ice-sheet.    Its  shells  are  strikingly  Arctic. 

The  southern  limit  of  the  ice  has  been  already  mentioned  (p.  890).  No  '*  terminal 
moraine  "has  been  observed,  the  ground  to  the  south  of  the  ice-limit  being  free 
from  glaciation,  though  erratic  blocks,  probably  brought  by  drift-ice  are  found 
on  the  Sussex  coast.  Deep  superficial  accumulations  of  rotted  rock  occur  where 
the  rock  has  decomposed  in  situ.  This  is  well  seen  over  the  Palseozoic  slates 
and  granites  of  Devon  and  Cornwall.  In  the  non-glaciated  chalk  districts,  a 
thick  cover  of  flints  and  red  earth  represents  the  insoluble  parts  of  the  chalk 
that  remain  after  prolonged  subaerial  decay.  The  high  moorlands  of  eastern 
Yorkshire  appear  to  have  risen  as  an  insular  tract  above  the  ice-sheet ;  for 
the  boulder-clay  ad%'ances  up  the  valleys  that  indent  the  northern  face  of  the 
Jurassic  table-land,  but  ceases  about  a  height  of  800  feet,  and  the  table-land 
itself  is  entirely  free  of  drift,  but  its  rocks  are  much  decayed  at  the  surface. 

Scandinavia. — The  order  of  Pleistocene  phenomena  is  generally  the  same  here 
as  in  Britain.  The  surface  of  the  country  has  been  everywhere  intensely  glaciated,  and, 
as  already  stated,  the  ice-striso  and  transported  stones  show  that  the  great  ice-sliect 
moved  outwards  from  the  axis  of  the  peninsula  down  the  western  fjords  into  the 
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Atlantic,  and  southwards  and  south-eastwards  into  the  Baltic.  The  sabseqneat 
partial  submergence  of  the  country  is  proved  by  numerous  shell-bearing  clays.  The 
fossils  in  the  higher  littoral  shell-beds  indicate  a  more  Arctic  climate;  they  include,  as 
in  the  Scottish  glacial  clays,  great  numbers  of  thick-shelled  varieties  of  Jlfya  iruneaia 
and  Saxicava  rugosa;  also  Balanus  porcattts^  B.  crenatus,  MytiUu  €duU$^  Peden 
islandicus,  Buceinum  grcRnlandicum,  Trophon  scalariforme  (T.  ehUhratum\  Natiea 
dausa.  The  clays  of  deeper  water  contain  Leda  Janceolata  ( Yoldia  arctied),  Yoldia 
intermedia,  Y,  pygmxa,  Dentalium  ahtjuorum,  &c.  The  fossiliferous  deposits  of  lower 
levels  point  to  a  climate  more  nearly  approaching  the  present,  for  the  more  thoroughly 
Arctic  species  disappear,  and  the  thick-shelled  varieties  of  Mya  and  Saxieava  pass  into 
the  usual  thin-shelled  kinds.  The  remarkable  terraces  that  fringe  the  coast  of  Norway 
from  the  southern  or  Christiana  region  to  the  North  Cape  mark  pauses  in  the  re-eleva- 
tion of  the  land.  The  eastern  plains  of  Sweden  and  the  lower  grounds  of  southern 
Norway  are  covered  with  great  accumulations  of  sand  and  gravel  (dear)  like  the  kames 
of  Scotland  and  the  eskers  of  Ireland. 

Qermany.* — Since  the  year  1878  an  active  exploration  of  the  earliir  memorials  of 
the  glacial  period  has  been  carried  on  in  northern  Germany,  with  the  result  of  bringing 
out  more  clearly  the  evidence  for  the  prolongation  of  the  Scandinavian  ond  Finland 
ice  across  the  Baltic  and  the  plains  of  Germany  even  into  Saxony.  The  limits  reached 
by  the  ice  are  approximately  fixed  by  the  line  to  which  northern  erratics  can  be  traced. 
Above  the  glaciated  rocks  comes  a  stiff,  unstratified  clay,  with  ice-striated  blocks  of 
northern  origin — the  till  or  boulder-clay  (Geschiebclehm,  Blocklehm).  Traces  of 
submergence  are  indicated  by  a  great  overlying  assemblage  of  sands,  clays  and  gravels 
(Diluvialsand,  Diluvialthon,  &c.)i  containing  TeUina  solidula^  Cyprina  ulandiea^ 
Cardiam  edule,  &o,  (Cyprinenthon  of  Denmark  and  Holsteiu,  oyster  beds  of  the  lower 
Elbe,  Leda  (Yoldia)  day  of  Prussia).  But  much  more  widespread  are  the  deposits  of  the 
lakes  which  occupied  hollows  in  the  drift  when  the  ice  retired,  with  Paludina  dilutnana, 
Valvata  piscinalis,  Limnxa  stagnalis^  Planorhis  gpirorlnSy  Pisidium  amnieum^  Udix 
pulchellot  Pupa  muscorum,  Perca  fluvicUiliSj  Cyprinus  carpio,  Etox  lueiusj  EUphas 
pi-imigenius,  E.  antiquus,  Bhinoceros  tichorhinus.  Bos  prtmigeniutf  OHhos  fossilUy  Oer- 
VU9  taranduSf  &c.  Among  the  youngest  glacial  deposits  are  the  upper  sands  and  gravels 
(Gcschiebedecksand),  which  spread  over  wide  areas  of  the  Germanic  plain,  partly  as  a 
more  or  lefts  uniform  but  discontinuous  sheet,  and  partly  as  irregular  hillocks  and 
ridges  strewn  with  erratic  blocks,  and  enclosing  pools  of  water  and  peat-bogs.  These 
mounds  and  ridges,  with  their  accompanying  sheets  of  water,  form  a  conspicuous  feature 
of  tlie  low  tract  of  countiy  from  Schleswig  Holstein  eastwards  to  the  Vistula. 

In  some  of  the  mountain  groups  of  Germany  there  is  evidence  that  probably  at  the 
height  of  the  Ice  Ago,  glaciers  existed.  Reference  has  already  been  made  to  the 
moraine  mounds  of  the  Vosges  *  and  Black  Forest,'  and  to  the  fact  that  the  glaciers  of 
the  western  hill-groups  were  more  extensive  than  those  to  the  east.  In  the  Carpathian 
range,  a  scries  of  moraines,  sometimes  enclosing  lakes,  is  distributed  in  the  valleys  that 
radiate  from  the  Hohe  Tatra.*  On  both  sides  of  the  Rieseugebirge,  moraines  occur.  At 
the  sources  of  the  Lomnitz,  on  the  southern  side,  ttiey  enclose  two  lakes  at  the  foot  of 
high  recesses  and  clifib.^    No  certain  traces  of  glaciers  appear  to  have  been  met  with  in 


'  There  is  now  an  ample  though  recent  liteniture  devoted  to  the  glacial  phenomena 
of  Germany.  The  volumes  of  tlie  Zeitsch,  Deutsch.  Geol  Gesellechafl  for  1879  and 
subsequent  years  contain  papers  by  G.  Berendt,  H.  Credner,  A.  Helland,  A.  Penck, 
R.  Richtcr,  F,  Noetling,  F.  Wahnschaffe,  F.  E.  Gcinitz,  F.  Schmidt,  &c.  See  aho  the 
Jahrh.  Preuss.  Geol.  LandesansUdt  for  1 880  and  following  years  ;  the  Maps  and  Explana- 
tions of  the  same  Survey  for  the  neighbourhood  of  Berlin  (27  slicots)  and  the  memoirs 
of  the  Geological  Survey  of  Saxony. 

*  H.  Hogard,  •  Terrain  erratique  des  Vosges,'  1851. 
»  J.  Portach, '  Gletscher  der  Vorzeit/  1882,  p.  115. 

*  Ibid.  p.  9. 

*  lltid.  p.  55. 
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the  eastern  pari  of  the  Sudeten  range,  nor  in  the  Erzgebirisre  or  Thuringerwald. 
Farther  north,  in  the  Harz,  mounds  of  detritus  which  resemble  moraines  have  been 
referred  by  Kayscr  to  glacier-action.* 

France. — Ab  France  lay  to  the  south  of  the  northern  ice-sheet,  the  true  till  or 
bonldcr-clay  is  there  absent,  as  it  is  for  the  same  reason  from  the  south  of  England.  It  is 
consequently  difficult  to  decide  which  superficial  accumulations  are  really  contemporary 
with  those  termed  glacial  further  north,  and  which  ought  to  be  grouped  as  of  later  date. 
The  ordinary  sedimentation  in  the  non-glaciated  area  not  having  been  interrupted 
by  the  invasion  of  the  ice-sheet,  deposits  of  pre-glacial,  glacial  and  post-glacial  time 
naturally  pass  insensibly  into  each  other.  The  older  Pleistocene  deposits  (perhaps 
interglacial)  consist  of  fluviatile  grovels  and  clays  which,  in  their  composition,  belong 
to  the  drainage  systems  in  which  they  occur.  There  is  no  evidence  of  transport  Arom  a 
great  distance,  though,  in  the  Champ  de  Mars  at  Paris,  blocks  of  sandstone  and 
conglomerate  nearly  a  yard  long  sometimes  occur,  as  well  as  small  pieces  of  the  granulito 
of  the  Morvan.  The  rivers,  howeveri  were  probably  much  larger  than  they  now  are 
during  some  part  of  the  Pleistocene  period,  and  the  transport  of  their  stones  may  have 
been  sometimes  effected  by  floating  ice.  They  have  left  their  ancient  platforms  of 
alluvium  in  successive  terraces  high  above  the  present  watercoursea  Each  terrace  con- 
sists generally  of  the  following  succession  of  deposits  in  ascending  order :  (1)  A  lower 
gravel  {gravier  de  fond),  the  pebbles  of  which  are  coarsest  towards  the  bottom  and  are 
intcrstratificd  with  layers  of  sand,  sometimes  inclined  and  contorted.  (2)  Grey  sandy 
loam  [(sahle  grot),  (3)  The  foregoing  strata  are  covered  by  yellow  calcareous  loess 
(p.  916),  or  with  an  overlying  dark  brown  loam  or  brick-earth.  The  upper  exposed 
parts  of  the  gravels  and  sands  are  commonly  well  oxidised,  and  present  a  yellowish-brown 
or  deep  reddish-brown  tint,  while  the  lower  portions  remain  more  or  loss  grey.  Hence 
the  old  names,  diluvium  grU  and  dHuviwn  rouge.  The  gravels  and  brick-earths  havo 
yielded  terrestrial  and  fresh-water  shells,  most  of  which  are  of  still  living  species,  and 
numerous  mammalian  bones,  among  which  are  Ithinoceros  ticJtorhinuB,  JR.  etruteus, 
R.  lepiorhinus,  Hippopotamus  major^  Elephaa  aiUiquus,  E.  primigenius,  wild  boar,  stag, 
roe,  ibex,  Canadian  elk,  musk-sheep,  urus,  beaver,  cave-bear,  wolf,  fox,  cave-hynna, 
and  cave-lion.  Pala>olithic  implements  found  in  this  same  deposit  show  that  man  was  a 
contemporary  of  these  animals  (see  p.  921). 

It  is  in  the  centre  and  east  of  France  that  the  most  unequivocal  signs  of  the  ice  of 
the  Glacial  Period  are  to  be  met  with.  The  mountain  groups  of  Auvergno,  which  even 
now  show  deep  rifls  of  snow  in  summer,  had  their  glaciers  whereby  moraine  heaps  and 
large  blocks  of  rock  were  strewn  over  the  valleys.  The  much  lower  grounds  of  the 
Lyounais  and  Beanjolais  (rising  to  more  than  3000  feet)  likewise  supported  independent 
snow-fields.*  The  glacier  of  the  Bhone  and  its  tributaries  was  so  gigantic  as  to  fill  up 
the  hollow  of  the  Lake  of  Geneva  and  the  vast  plain  between  the  Bernese  Oberland 
and  the  Jura.  It  crossed  the  Jura  and  advanced  to  near  Besan^on.  It  swept  down  the 
valley  below  Geneva,  and  then,  joined  by  its  tributaries,  spread  out  over  the  lower  hills 
and  plains  until  the  whole  region  from  Bourg  to  Grenoble  was  buried  under  ice.  The 
evidence  of  this  great  extension  is  furnished  by  rock-stria),  transported  blocks  and 
moraine  stuff.' 

Belgium. — The  Quaternary  deposits  of  this  country,  like  those  of  northern  France, 
belong  to  a  former  condition  of  the  present  river-basins.  In  the  higher  tracts,  they  arc 
confined  to  the  valleys,  but  over  the  plains  they  spread  as  more  or  less  continuous 
sheets.  Thus,  in  the  valley  of  the  Meuse,  the  gravel-terraces  of  older  diluvium  on 
cither  side  bear  witness  only  to  transport  within  the  drainage-basin  of  the  river,  though 
fragments  of  the  rooks  of  the  far  Vosges  may  be  detected  in  them.  The  gravels  are 
stratified,  and  are  generally  accompanied  by  an  upper  sandy  clay.    In  middle  Belgium, 

*  Lessen  and  Kayscr,  ZeiUch,  DeuUch,  CrecH.  Ges.  xxxiii.  (1881). 

*  Falsan  and  Cliantro,  *  Anciens  Glaciors,"  ii.  p.  384. 
'  Fa'san  and  Chantre,  op,  ciL 


906  STItATiaitArmCAL    OEOLOGY.       [Book  VI.  Pabt  V. 

the  lower  diluvial  gravels  are  covered  by  a  yellow  loam  (Hcsbayan),  probably  a  con- 
tinuation of  the  German  loess,  with  numerous  terrestrial  shells  (Sueeinea  obiUmga^  Pupa 
muftrorumj  Hdix  hUpida),  In  lower  Belgium,  this  loam  is  replaced  by  tho  Garopinian 
sands,  which  have  beeu  observed  lying  ui)on  it.  The  Belgian  caverns  and  aome  parts 
of  the  diluvium  have  yielded  a  large  number  of  mammalian  Remains,  among  which 
there  is  the  same  commingling  of  types  from  cold  and  from  warm  latitudes  so 
observable  in  the  Pleistocene  beds  of  England  and  France.  Thus  the  Arctic  reindeer 
and  glutton  are  found  with  the  Alpine  chamois  and  marmot,  and  with  the  lion  and 
grizzly  bear. 

The  Alps.* — Beferenoe  has  already  been  made  to  the  vast  extension  of  the  Alpine 
glaciers  during  the  Ice  Age.  Evidence  of  this  extension  is  to  be  seen  both  among  the 
mountains  and  far  out  into  the  surrounding  regions.  On  the  sides  of  the  great  valleys, 
ice-striated  surfaces  and  transported  blocks  arc  found  at  such  heights  as  to  show  tiiat  tiie 
ice  must  have  been  in  some  places  3000  or  4000  feet  thicker  than  it  now  is.  The  glacier 
of  the  Aar,for  instance,  which  was  a  comparatively  short  one,  being  turned  aside  by  and 
merging  into  the  large  stream  of  the  Bhone  glacier  near  Berne,  attained  such  dimen- 
sions as  not  only  to  fill  up  the  valley  now  occupied  by  the  Lakes  of  Than  and  Brienz, 
but  to  override  the  surrounding  hills.  The  marks  made  by  it  are  foimd  at  a  height  of 
930  metres  above  the  valley,  which  with  305  metres  for  the  depth  of  Lake  Brienz  gives 
a  depth  of  at  least  1235  metres  or  4000  feet  of  ice  moving  down  that  valley.  Judging 
from  the  evidence  of  the  heights  of  the  stranded  blocks,  the  slope  of  this  glacier  varied 
from  45  in  1000  in  its  upper  parts  to  not  more  than  2  in  1000  toward^  its  termination.' 
From  tho  variation  in  the  direction  of  the  stria),  as  well  as  in  the  diiitribntion  of  tho 
tran8])ortod  blocks,  there  can  be  little  doubt  that  the  Alpine  glaciers  varied  from  time 
to  time  in  relative  dimensions,  so  that  there  was  a  kind  of  struggle  between  them,  one 
pushing  nsido  anotlicr,  and  again  being  pushed  aside  in  its  turn. 

Turning  to  the  regions  beyond  the  mountains,  we  find  that  proofs  of  glaoiation  reach 
to  almost  incredible  distances.  The  Bhone  glacier,  for  example,  overwhelming  the 
mountainous  and  hilly  intervening  country,  threw  down  its  moraines  with  blocks  of  the 
cliaractcristic  rocks  of  .the  Valais  where  Lyons  now  stands,  that  is,  170  miles  in  direct 
distance  from  where  the  present  glacier  ends.  The  same  ice-sheet,  swelled  from  tho 
northern  side  of  the  Beniese  Oberland,  overflowed  the  lower  ridges  of  the  Jura,  stream- 
ing through  the  transverse  valleys,  even  as  far  as  Omans  near  Besau^n.  Turning 
north-eastward,  it  filled  up  the  great  valley  of  Switzerland,  and,  swollen  by  tlie 
tributary  glaciers  of  the  Aar,  the  Beuss,  and  tlio  Liuih,  joined  the  vast  stream  of 
tho  Bhinc  glacier  above  Basle.  This  enormous  mer  de  glace  jiourcd  over  the  Black 
Forest  and  down  the  valley  of  the  Danube  at  least  as  far  ns  Sigmaringcn,  where  blocks  of 
the  rocks  of  the  Grisons  occur.  Eastward  it  was  joined  by  the  great  glacier  tliat  des- 
cended from  the  Swabian  and  Bavarian  Alps,  and  of  which  the  moraine-heape  arc  strewn 
over  the  lowlands  as  far  as  Munich.  The  Tyrolese  and  Carinthian  Alps  were  likewise 
buried  under  an  icy  covering  which  sent  a  huge  glacier  eastwards  down  the  valley  of  the 
Drau.  On  the  south  side  of  the  Alps,  the  glaciers  advanced  for  some  way  out  in(o  tho 
plains  of  Lombanly,  where  they  threw  down  enormous  moraines,  which  sometimes  reach 
a  height  of  more  than  2000  feet  (Ivrea).  These  vast  accumulations,  to  which  there  is 
no  parallel  elsewhere  in  Europe,  rise  into  conspicuous  hills  and  crescent-shaped  ridges 
round  the  lower  ends  of  the  upper  Italian  lakes.  At  some  of  these  lociJitiefl,  tho 
moraine-stuiT  rests  on  marine  Pliocene  beds.    It  is  possible  that  the  glaciers  actually 


1  Besides  the  works  of  Falsan  and  Cliartre,  Penck  and  Partsch,  cited  on  p.  887,  tho 
student  may  consult  MorloU  Bib.  Univ  1855;  Heer,  'Urwelt  derSchweiz*;  the  map 
of  tho  ancient  glaciers  of  the  nortli  side  of  the  Swiss  Alps,  publidied  in  four  sheets 
by  A.  Favre,  Geneva,  1884 ;  C.  W.  Giimbel.  SiUh.  Ahad,  Wien,  1872 ;  B.  Lepeius, 
'  Das  westliche  Siid-Tirol,*  Berlin,  1878 ;  A.  Heim,  *  Handbuch  der  Gletscherkunde,* 
1885. 

*  A.  Favre,  Arch.  Ann.  8ci.  Vhys.  Nat.  Geneve,  xii.  1884* 
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reached  the  sea-level.*  Tliere  appears  to  he  no  douht,  at  least,  that  they  descended  to  a 
lower  level  on  that  side  than  on  the  northern  side  of  the  Alps. 

By  tracing  the  distribution  of  the  transported  blocks,  the  movements  of  tho  ancient 
glaciers  can  be  satisfactorily  followed.  These  blocks  aro  not  dispersed  at  random  over 
the  glaciated  area.  Each  glacier  carried  the  blocks  of  its  own  basin,  and,  where  these 
are  of  a  peculiar  kind,  they  servo  os  an  excellent  guide  in  following  tho  march  of  the 
ice.  Not  only  were  the  blocks  in  each  drainage  area  kept  separate  from  those  of  adjoining 
basins,  but  those  on  the  left  sides  of  the  valleys  do  not,  except  along  the  junction  linen, 
mingle  with  those  of  the  right  sides.  As  a  rule,  the  blocks  lie  along  the  slopes  of  the 
valleys  rather  than  on  tlie  bottoms,  and  are  often  disposed  there  in  groups  or  lines.  In 
the  Arve  valley,  near  Sallanches,  for  example,  a  zone  comprising  several  tlionsand 
granitic  boulders  runs  for  a  distance  of  more  than  three  miles.  The  blocks  of  Monthey 
have  long  been  famous.  On  tho  flanks  of  tho  Jura  near  Solothum,  the  boulders  of 
Riedholz,  stranded  there  by  the  ancient  Bhone  glacier,  still  number  228,  though  tliey 
have  been  reduced  by  the  quarrying  operations  now  happily  interdicted  (see  Fig.  143).' 

That  the  Ice  Age  in  the  Alps,  as  in  northern  Europe,  was  interrupted  by  warmer 
interglacial  periods,  when  the  ice  retreating  from  the  valleys  allowed  an  abundant 
vegetation  to  flourish  there,  is  shown  by  the  lignites  of  Diimten  (Canton  Zurich), 
Utzna'^h  (St.  Gall),  and  several  other  places.  These  deposits  can  here  and  thero 
be  seen  to  overlie  ancient  moraine  stuff;  they  are  interstratified  with  fluviatilo 
gravels  and  sands,  which  again  are  surmounted  with  scattered  erratio  blocks  belonging 
to  a  later  period  of  glaciatiun.  Among  these  interglacial  vegetable  accumulations 
Heer  recognised  several  pines  or  llrs  {Pinu8  ahies,  P.  sylvestriSy  P.  montana%  larch, 
yew,  oak,  sycamore,  hnzcl,  mosses,  bog-bean,  bulrush,  raspberry,  and  Galium  pahutre,  ns 
well  ns  bog-moRscs,  all  still  growing  in  the  surrounding  country.  With  the  plants  tlioro 
occur  tho  remains  of  Elephas,  Bhtnoceros  etnucus,  Bo$  'primigniius  or  urus,  red  deer, 
cave-bear,  likewise  traces  of  fresh-water  shells  and  insects,  chiefly  elytra  of  beetles. 

The  succession  of  main  events  in  tho  history  of  the  Ico  Age  in  Switzerland  is  thus 
tabulated :  • — 

Poftt-glacial.  Ancient  lacnstrine  torrnces  (150  feet  above  present  level  of  Lake 
of  Geneva),  deltas,  and  river  gravels  with  Limmeni  stagtuilis  and  other  fresh- 
water shells,  bones  of  mammoth  (?). 

Second  extension  of  the  glaciers.  Erratic  blocks  and  terminal  moraines  of  Zurich, 
Baldegg,  Sempach,  Hern,  with  an  Arctic  flora  and  fauna. 

Inter-glacial  beds.  Gravels,  lignites,  and  clays  of  Utznach,  Durnten,  &c.,  covered 
by  the  moraine  stuff  of  the  second  glnciation  and  overlying  the  oldest  glacial 
de}K>sits — EtepftOB  antiguw,  Hhinoceros  leptorhintts. 

First  glaciation.    Striated  blocks  found  under  the  inter-glacial  beds. 

North  America.* — ^l*he  general  succession  of  geological  change  in  Post  Tertiary 
time  appears  to  have  been  broadly  the  same  all  over  the  northern  hemisphere.  In 
North  America,  as  in  Europe,  there  is  a  glaciated  nnd  non-glaciated  area ;  but  tho 
line  of  demarcation  between  them  has  been  much  more  clearly  traced  on  the  western 
side  of  the  Atlantic.  The  glaciated  area  extending  over  Canada  and  tho  north-eastern 
Btates  presents  tl.e  same  characteristic  features  as  in  tho  Old  World.  Tho  rocks,  where 
they  could  receive  and  retain  tho  ice-markings,  are  well  smoothed  and  striated.  Tho 
direction  of  the  strife  is  generally  southward,  varying  to  south-east  and  south-west 
according  to  the  form  of  the  ground.  Tlie  great  thickness  of  the  ice-sheet  is  strikingly 
sliown  by  the  height  to  which  some  of  the  higher  elevations  are  polished  and  striated. 

>  The  surface  of  the  Lago  di  Garda,  round  the  lower  end  of  which  glacier  moraines 
extend,  id  little  more  than  200  feet  above  the  sea-level. 

*  Favre,  Arch.  »<W.  Phijf.  Nat.  Geneve,  xii.  (1884)  p.  899. 
»  Heer, '  Urwelt  der  Bchweiz.' 

*  For  an  elalxmite  discussion  of  tho  phenomena  of  the  glacial  period  in  North 
America,  and  of  changes  of  climate  all  over  the  globe,  see  the  remarkable  essay  of 
J.  D.  Whitney  '*  Climatic  Changes  of  hiter  Geological  Times,"  Mem*  Mue,  Compar,  Zool 
Hasvard,  vol.*  vii.  1882. 
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Thus  tho  Catskill  Mountains,  rising  from  the  broad  plain  of  the  Hndson,  have  been 
ground  smooth  and  striated  up  to  near  their  summits,  or  about  3000  feet,  so  that  the  ice 
must  have  been  of  even  greater  thickness  than  that.  The  White  Mountains  are  ice- 
-worn  even  at  a  height  of  5500  feet.  As  in  Europe,  the  glacial  desposita  inorease  in 
thickness  and  variety  ^m  south  to  north,  spreading  across  Canada,  over  a  considerable 
area  of  the  north-eastern  States,  and  rising  to  a  height]  of  5800  feet  among  the  White 
Mountains.  From  the  evidence  of  the  rock* stria)  and  the  dispersion  of  boulders,  it  appears 
that,  though  tho  glaciated  region  Yras  buried  under  one  deep  continuous  liter  de  glace  like 
that  of  Greenland  at  the  present  time,  moving  steadily  down  from  the  north,  there  were 
considerable  variations  in  the  direction  of  motion,  mainly,  no  doubt,  owing  to  incqualitieB 
in  the  general  slope  of  the  ground  underneath.  Nothing,  however,  is  more  striking  than 
the  apparent  indifference  with  which  the  ice  streamed  onward,  undeflected  eveii  by  con- 
siderable ridges  and  hUis.  The  line  of  the  southern  margin  of  the  ice  can  still  be  followed 
by  tracing  the  limits  to  which  the  drift  deposits  extend  southwards.  From  this  evidence 
we  learn  that  the  ice-sheet  ended  off  in  a  sinuous  line,  protruding  in  great  tongues  or 
promontories  and  retiring  into  deep  and  wide  bays.  In  the  eastern  states,  the  southern 
limit  of  the  glaciated  region  is  marked  by  one  of  the  most  extraordinary  glacial  nocumu- 
lations  yet  known,  and  to  which  in  Europe  there  is  no  parallel.  It  consists  of  a  broad 
irregular  band  of  confused  heaps  of  drift,  or  more  strictly  of  two  such  bauds,  which  some- 
times unite  into  one  broad  belt  and  sometimes  separate  wide  enough  to  allow  an  interval 
of  twenty  or  thirty  miles  between  them,  each  being  from  one  to  six  miles  in  breadth  and 
rising  several  hundred  feet  above  the  surrounding  country.  The  surface  of  these  ridges 
presents  a  characteristic  hummocky  aspect,  rising  into  cones,  domes,  and  confluent 
ridges,  and  sinking  into  basin-shaped  or  other  irregularly-formed  depressions,  like  the 
kames  or  osars  of  Europe.  The  upper  part  of  the  material  composing  the  ridges 
generally  consists  of  assorted  and  stratified  gravel  and  sand,  the  stratification  being 
irregular  and  discordant,  but  inclined  on  the  whole  towards  the  south.  Below  these 
rearranged  materials  is  a  boulder-drift — a  mixtiu-e  of  clay,  sand,  and  gravel,  with  boul- 
ders of  all  sizes,  up  to  blocks  many  tons  in  weight  and  often  striated.  Though  some- 
times indistinguishable  from  ordinary  till,  it  presents  as  a  rule  a  greater  ])reponderance 
of  stones  than  in  typical  till,  but  contains  also  finer  stratified  intercalations.  A 
largo  proportion  of  the  materials  of  the  ridges  has  been  derived  from  rocks  lying 
immediately  to  the  north,  and  the  nature  of  tho  ingredients  constantly  varies  with  the 
changing  geological  structure  of  the  ground.  There  is  also  always  present  a  greater  or 
less  amount  of  detritus  representing  rocks  that  lie  along  the  line  of  drift-movement  for 
500  miles  or  more  to  the  north.  The  band  of  drift-hills  lies  sometimes  on  an  ascending, 
sometimes  on  a  descending  slope,  crosses  narrow  mountain  ridges  and  forms  embankments 
across  valleys,  showing  such  a  disregard  of  the  topography  as  to  prove  that  it  cannot 
have  been  a  shore-line,  and  has  not  been  laid  down  with  reference  to  the  present  drainage 
system  of  the  land.* 

To  this  remarkable  belt  of  prominent  hummocky  ground  tho  name  of  ^*  terminal 
moraine  "  has  been  given  by  the  American  geologists  who  have  so  successfully  traced 
its  distribution  and  investigated  its  structure.  Tlie  conditions,  however,  under  which 
the  drift  rampart  in  question  was  formed  certainly  differed  widely  from  thoee  that 
determine  an  ordinary  terminal  moraine.  The  constituent  materials  cannot  have 
travelled  on  the  surface  of  the  ice,  but  must  have  lain  underneath  it  or  have  been 
pushed  forward  in  front  of  it.  But  the  mode  of  formation  is  a  problem  which  has 
not  yet  been  satisfactorily  solved. 

There  seems  good  reason  to  believe  that  there  are  at  least  two  **  terminal  moraines '' 
belonging  to  two  distinct  and  perhaps  widely  separated  epochs  in  the  Ice  Age.  Tho 
most  southerly  and  therefore  oldest  of  them  begins  on  the  Atlantic  border  off  the  south- 
eastern coast  of  Massachusetts,  where  it  is  partially  submerged.    Bising  above  the  level 

»  H.  C.  Lewis,  **  Report  on  the  Terminal  Moraine/'  Second  Geol,  Surv,  i'eniwWcoiitci, 
Z,  1884,  p.  45,  with  Preface  by  J.  P.  Lesley. 
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of  the  sea  in  Nantucket  Island,  Martha's  Vineyard,  No  Man's  Island  and  Block  Island, 
it  is  prolonged  into  Long  Island,  of  ^rhich  it  forms  the  back-bone,  and  where  it  reaches 
heights  of  200  to  nearly  400  feet.  A  second  or  later  and  less  prominent  line  of  drift-hills 
runs  along  the  north  shore  of  Long  Island,  and  is  prolonged  by  Fisher's  Island  into  the 
southern  edge  of  the  State  of  Bhode  Island,  whence,  striking  out  again  to  sea,  it  forms 
tlio  chain  of  the  Elizabeth  Islands,  passes  thence  into  the  State  of  Massachusetts,  and 
runs  nearly  east  and  west  through  the  peninsula  of  Cape  Cod.  The  distance  between 
these  two  bands  of  hummocky  ridge  varies  from  five  to  thirty  miles.  From  the 
western  end  of  Long  Island  the  moraine  passes  across  Staaten  Island  and  (ho  nor- 
thern part  of  New  Jersey,  enters  Pennsylvania  a  little  north  of  Easton,  and  follows  a 
sinuous  north-westerly  course  across  that  State  and  for  some  miles  into  the  State  of  New 
York,  where,  forming  a  deep  indentation,  it  wheels  round  in  a  south-westerly  direction, 
re-enters  Pennsylvania,  and  passes  into  Ohio.  Throughout  this  long  line,  the  moraine 
coincides  with  the  southern  limit  of  the  drift  and  of  rock-striation,  though  in  western 
Pennsylvania,  in  front  of  the  ridge,  scattered  northern  boulders  are  found  over  a  strip  of 
ground  which  gradually  increases  south-westwards  to  a  breadth  of  five  miles.^  Beyond 
central  Ohio,  however,  the  drift  extends  far  to  the  south.  Taking  its  limits  as  probably 
marking  the  extreme  boundary  of  the  ice-sheet  (then  at  its  largest),  we  find  that  it  goes 
southwards,  perhaps  nearly  as  far  as  the  junction  of  the  Ohio  with  the  Mississippi, 
sweeping  westwards  into  Kansas,  and  then  probably  turning  northwards  through 
Nebraska  and  Dakota,  but  keeping  to  the  west  of  the  Missouri  Biver. 

The  inner  or  second  terminal  moraine  is  well  developed  in  the  southern  part  of  the 
State  of  New  York,  lying  well  to  the  north  of  the  first  moraine,  and  much  more  irregu- 
larly distributed.  South-westwards  the  two  series  of  ramparts  unite  at  the  sharp  bend 
of  the  older  ridge  just  mentioned,  and  continue  as  one  into  the  centre  of  Ohio.  This 
junction  probably  indicates  that  the  southern  edge  of  the  ice  at  the  time  of  the  second 
moraine,  though  generally  keeping  to  the  north  of  its  previous  limit,  reached  its  former 
extent  in  north-western  Pennsylvania,  and  united  its  de'bris  with  that  left  at  the  time 
of  the  greatest  extension  of  the  ice-sheet.  From  the  middle  of  Ohio,  the  younger 
moraine  pursues  an  extraordinarily  sinuous  course.  One  of  its  most  remarkable  bends 
encloses  the  southern  half  of  Lake  Michigan,  which  was  the  bed  of  a  great  tongue  of 
ice  moving  from  the  north.  Immediately  to  the  west  of  this  loop  there  lies  an  extensive 
driftless  area  in  Wisconsin  and  Minnesota.  The  course  of  the  moraine  bears  distinct 
witness  to  the  independent  direction  of  flow  of  the  united  glaciers  that  constituted  the  great 
ice-sheet.  It  sweeps  in  vast  indentations  and  promontories  across  Wisconsin,  Minnesota, 
and  Iowa,  forming  probably  the  most  extensive  moraine  in  the  world,  and  strikes  north- 
westward through  Dakota  for  at  least  four  hundred  miles  into  the  British  Possessions, 
where  its  farther  course  has  still  to  be  traced.  The  known  portion  of  the  moraine  thus 
extends  with  a  wonderful  persistence  of  character  for  3000  miles,  reaching  across  two- 
thirds  of  the  breadth  of  the  continent.* 

In  the  non-glaciated  regions  evidence  of  the  presence  and  iiifiuenoo  of  the  ice-sheet 
is  probably  furnished  by  high  alluvial  terraces,  whicli  could  not  have  been  formed  under 
the  present  conditions  of  drainage.  From  this  kind  of  evidence  it  is  believed  that  when 
the  ice-sheet  crossed  the  Ohio  River  near  Cincinnati,  it  ponded  back  the  drainage  of 
the  entire  water-basin  of  East  Kentucky,  south-east  Ohio,  West  Virginia,  and  western 
Pennsylvania,  up  to  a  height  of  perhaps  1000  feet,  forming  a  lake  at  that  level.^    Similar 


'  This  strip  of  ground,  called  by  Mr.  IL  C.  Lowi^j  the  **friugo,**  widens  out  south- 
westwards  to  a  breadth  of  five  miles,  in  which,  though  there  arc  no  rjck-slriro  or  drift, 
scattered  northern  boulders  occur.    Op,  cit.  p.  201. 

*  T.  C.  Chambcrlin,  "Preliminary  Paper  on  the  Terminal  Moraine,"  Third  Ann, 
Rep,  U.8,  Qeol,  Survey,  1883.  Every  student  of  glacial  geolop:y  ought  to  make  himself 
familiar  with  Uiis  admirable  summary.  Consult  also  G.  M.  Dawson,  *  Report  on  49th 
Parallel.' 

»  H.  0.  Lewis, "  Report  on  the  Terminal  Moraine,"  cited  on  p.  908, 
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ImlicatiiHU  of  •  Ue,  caused  hy  on  kaydain  pondisg  book  the  draoftge^  ttt  fonnil  at  Itw 
lieod  of  the  Bed  Biror  in  Miuocsotu.' 

The  depoaiti  left  li;  tbe  ke-sliecl  witbu  tbe  limil*  of  ILe  terminal  nnnuneB  to 
nectabls  those  of  Europe  that  no  BpcciKl  desniplinu  of  them  ia  required.  Thr  lu*n>t 
uf  tliem,  rratiDg  on  ico-vom  rock*,  i*  a  stifF  auatnUfitd  b.,iiliki-Jrift  at  till,  fnlt  uf 
paliBhi>d  and  striated  itunut.  Owaaional  iotenralatiuite  of  rand  aiid  clnj,  wliioh  at 
Poitlaod,  in  Maine  hare  yielded  many  cxutiog  eps^JM  (>C  niariDe  otf^Jtimu,  acpHnle 
tlie  lower  from  aii  upper  bonldtT-clajr.  nliich  ia  looser,  and  more  giuveUy  Budaautljtliau 
Uio  older  Il<^pojlt,  ccmtaios  Inrgvr  roti^h  and  ungiiUr  blocka,  aitd  liAa  aoiuired  &  jiSkiw 
tint  from  the  oxidising  inAaenoe  of  nirface  waten.  Ttie  bonldeta  vary  i^  to  1»  ImC 
(samctimes  even  10  feel)  ia  diameter,  and  have  seldom  trarclled  mMe  tlian  29  mtka. 
The  boaldei-<ls);s  OTor  wide  arena  are  distributed  in  lenticular  hills  or  dmins  frm  a 
few  hundred  fmt  tu  a  mlk  in  lon^h,  fnm  2S  to  2D0  feet  high,  and  with  ■  pcnislcDl 
smoothnets  of  onUinu  and  lomided  tops.  Aa  in  Europe,  the  loogei  axes  of  these  dnuus 
U  t^ncrallj  pomllcl  with  that  of  the  stiiation  of  Ibe  uuderifiug  rocka. 

At  the  height  of  tlio  Ice  Ago  then  «a«  iais"  gloi^itn  in  the  Roekj  SJoimtaw,  *f 
which  the  email  glaciers  found  aocao  years  ago  nmnng  the  Wind  River  TJiimtaias  m 
Vjoinjag  ore  snme  of  tiie  last  lingering  relics.'  Bat  though  the  ice  filled  np  IIm  lallafi 
to  a  depth  of  lUOO  tixt  or  aioK,  and  triinsported  vast  quKUtitiee  of  detritus  wliieli  •*> 
remaina  in  promiaeut  momines  and  scattered  houldi'n,  it  uevei  adTamed  mUilheplatEM 
of  the  prairie  country  to  the  cast,  Whethoi'  or  not  the  gladcn  at  the  Mirth  cMd  «<  tht 
RockyHountoinis  merged  into  and  were  tnniedaaido  bj  the  sonthTaKI  ■anwig  iw  Amt 
has  still  to  be  BB(^e^(aincd.  Even  far  to  the  vest,  the  &ien>  Xends  nMiMiNd  M 
Important  group  of  glaciers.' 

The  loosQ  ilepoaitd  or  diins  overlying  the  lower  DDilnilified  haiMer-dtj  kdav  ^ 
the  period  of  the  inciting  of  the  great  ice^sheets,  iihcn  large  tudiea  tl  wstcr,  Umimtffi 
ncrosB  Lho  laud,  levelled  down  the  heniw  of  d<^^Iritn9  that  hsd  livntd  Wn*  n  in  d* 
under  part  of  tbe  ice.  This  remoilclled  drift  hu  bceu  called  Uw**Gh«^vlMB0a^'* 
Lower  pertions  are  sometimes  uustratiQcd  or  very  mdely  iitiatified.«ldalhe  ^ppv^ili 
are  more  or  less  perfectly  atratifie'l.  Towards  the  easteni  coa^:^  and  alMg  (be  viO^ 
penetrating  tcom  the  te*  Into  the  land,  tbeae  strntilled  beds  m  of  nune  arisn.  Md 
prove  that  daring  the  Ohamplain  period  then  was  a  depreasiaD  «f  the  aatfttk  |wt  J 
Canada  and  the  United  StaUs  beneath  the  sea,  inoearing  in  aBSomtt  nocttwatds  b^  a 
few  feet  in  the  soatb  of  New  England  to  more  than  500  feet  in  Lahcadv.  TW  m^tm 
ace  omnia tiniis  ore  well  developed  in  eastern  Canada,  where  Ibe  ddA^dqnak  ibM 
the  following  inb-diviaiona ; — 
Post-glacisl  accamalationi. 
Saiicavs  aond  and  gravel,  oilcn  with  traniportHl  twulderi  (Upper  Finyti  iaf^U, 

St.MauricsandSorel^di).   Sballow-water  boreal fsuiM,;iiu«Da«ra|>H^h^s* 

a{  whsia,  Uc 
Upper  Leda  clar  (and  probably  "Songeen  clay"  of  ial.-iad);  day  a>l  aBdvdsf 

n-ilh  numcroDs  luarinf  ahell*,  which  are  the  same  u  IIiok  nsv  liri^  ia  aacJAsM 

port  uf  tiuir  of  St,  Uwicaee. 
Luwer  Leiln  clar,  fioe  cbiy,  often  lamiantedi  with  a  few  large  traniW  koM^ 

(probsLly  equivalent  to  "  Erie  Clay  "  uf  inland  j  "  Cbamplui  Claj,"  U»-r  Aafr- 

UDiJ  uf  BeauportJ;  containi Xojii  arclica,  TeUiaagraaitiHdioi;  ft'ibaUj  A^aJid 

in  cold  icB-liden  wr*  — 
B<.ald<r-cUyorTjlt; 

Lut  further  inlaed 
J'euly  bi-Hifl,  marking  pre-glntinl  lauJ-mrfacM. 

'  M\  I'pjiiim,  I'roc.  Amer.  ilaoei 
'  V.  \.  Ibiv.len'a  Twelfth  Beport.  VA 
'  .1.  Ia  ,..iitf.  .l,,M-r.  Joan.  BrL  (T'  '     ' 
'  So    ,!.  n,  Ihraa,  .inter.  Jimra, 

V-ineli.'li.  ..J.,  .-,(,  li.  (I878)p. " 

'  Diiu.fl.Ei,  Supiili'Uicnt  to  " 
6W.  .Wii.j.  iss;i.p.  HI. 
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The  Loda  clays  rlso  to  a  height  of  600  feet  above  the  sea.  On  the  banks  of  the 
Ottawa,  in  Gloucester,  they  contain  nodules  which  have  been  formed  round  organic 
bodies,  particularly  the  fish  MaUotus  villosua  or  capeling  of  the  lower  St.  Lawrence. 
Dawson  also  obtained  numerous  remains  of  terrestrial  marsh-plants,  grasses,  cariccs, 
mossed,  and  algeo.  This  writer  states  that  about  100  species  of  marine  invertebrates 
have  been  obtained  from  the  clays  of  the  St.  Lawrence  valley.  All  except  four  or  five 
species  in  the  older  part  of  the  deposits  are  shells  of  the  boreal  or  Arctic  regions  of  the 
Atlantic ;  and  about  half  are  found  also  in  the  glacial  days  of  Britain.  The  great 
majority  are  now  living  in  the  Gulf  of  St.  Lawrence  and  on  neighbouring  coasts,  espe- 
cially off  Labrador.* 

Terraces  of  marine  origin  occur  both  on  the  coast  and  far  inland.  On  the  coast  of 
Maine,  they  appear  at  heights  of  150  to  200  feet,  round  Lake  Cbamplain  at  least  as 
high  as  300  feet,  and  at  Montreal  nearly  500  feet  above  the  present  level  of  the  sea.' 
In  the  absence  of  organic  remains,  however,  it  is  not  always  possible  to  distinguish 
between  terraces  of  marine  origin  marking  former  sea-margin?,  and  those  left  by  the 
retirement  of  rivers  and  lakes.  In  the  Bay  of  Fundy,  evidence  has  been  cited  by 
Dawson  to  prove  subsidence,  for  he  has  observed  there  a  submerged  forest  of  pine  and 
beech  lying  25  feet  below  high-water  mark.' 

Inland,  the  stratified  parts  of  the  **  Champlain  group  **  have  been  accumulated  on  the 
sides  of  rivers,  and  present  in  great  perfection  the  terrace  character  already  (p.  369) 
described.  The  successive  platforms  or  terraces  mark  the  diminution  of  the  streams. 
They  may  bo  connected  also  with  an  intermittent  uprise  of  the  land,  and  are  thus 
analogous  to  sca-tcrraces  or  raised  beaches.  Each  uplift  that  increased  the  declivity  of 
the  rivers  would  augment  their  rate  of  flow,  and  consequently  their  scour,  so  that  tiiey 
would  be  unable  to  reach  their  old  flood-plains.  Such  evidences  of  diminution  arc 
almost  universal  among  the  valleys  in  the  drift-covered  parts  of  North  America,  as  in 
the  similar  regions  of  Europe.  Sometimes  four  or  five  platforms,  the  highest  being  a 
hundred  feet  or  more  above  the  present  level  of  the  river,  may  be  seen  rising  above  each 
other,  as  in  the  well-known  example  of  the  Connecticut  Valley. 

The  terraces  are  not,  however,  confined  to  river-valleys,  but  may  be  traced  round 
many  lakes.  Thus,  in  the  basin  of  Lake  Huron,  deposits  of  fine  sand  and  day  contain- 
ing fresh-water  shells  rise  to  a  height  of  40  feet  or  more  above  the  present  level  of  the 
water,  and  run  back  from  the  shore  Eomctimcs  for  20  miles.  Regular  terraces, 
corresponding  to  former  water-levels  of  the  lake,  run  for  miles  along  the  shores  at 
heiglits  of  120, 150,  and  200  feet.  Shingle  beoches  and  mounds  or  ridges,  exactly  like 
those  now  in  courso  of  formation  along  the  exposed  shores  of  Lake  Huron,  can  bo 
recognised  at  heights  of  60,  70,  and  100  feet.  Unfossiliferous  terraces  occur  abundantly 
on  the  margin  of  Lake  Superior.  At  one  point  mentioned  by  Logan,  no  fewer  than 
seven  of  these  ancient  beaches  occur  at  intervals  up  to  a  height  of  331  feet  above  iho 
present  level  of  the  lake.^  The  great  abundance  of  terraces  of  fluviatile,  lacustrine, 
and  marine  origin  leil,  as  already  stated,  to  the  use  of  the  term  **  Terrace  epoch  "  to 
dcjfignate  the  time  when  these  remarkable  topographical  features  were  produced.  The 
cause  of  the  former  higher  levels  of  the  water  is  a  difficult  problem.  In  some  cases,  it 
may  have  arisen  from  dams  formed  by  tongues  of  ice  during  the  retreat  of  the  ice-sheet 

India. — ^There  is  abundant  evidence  that  at  a  late  geological  period  glaciers 
descended  from  the  southern  slopes  of  the  Himalaya  Mountains  to  a  height  of  less  than 
BOOO^  feet  above  tlie  present  sea-level.  Large  moraines  are  found  in  many  valleys  of 
Sikkim  and  Eastern  Nepal  between  7000  and  8000  feet,  and  even  down  to  54)00  feet, 
above  sea-level.  In  the  Western  Himalayas  perched  blocks  are  found  at  3000  feet,  and 
in  the  Upper  Punjaub  very  large  erratics  have  been  observed  at  still  lower  elevationsr 


*  Dawson,  •  Acadian  Geology/  p.  76. 

'  On  terraces  of  Lake  Ontario  see  Amer.  Journ,  Scu  (3)  xxiv.  p.  409. 
»  'Acadian  Geology,' p.  28. 

*  Logan,  •  Geology  of  Canada,'  p.  010. 
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No  traces  of  glaciation  bavc  been  detected  in  Southern  India.  Besides  tbe  physical 
evidence  of  refrigeration,  the  present  fncies  and  distribution  of  tbe  flora  and  fauna  on 
the  south  side  of  the  Himalaya  chain  suggest  the  influence  of  a  former  cold  period.' 

Australasia. —The  present  gkciers  of  the  New  Zealand  Alps  hnd  a  much 
greater  extension  at  a  recent  geological  period.  According  to  Dr.  Haast  they  descended 
into  the  plains,  and,  on  the  west  side  of  the  island,  probably  advanced  into  the  sea,  for 
along  that  coast-lino  their  moraines  now  reach  the  sea-margin ;  huge  erratics  stand  up 
among  the  waves,  and  the  surf  breaks  far  outside  the  shore-line,  probably  upon  a 
seaward  extension  of  the  moraines.'  Captain  Hutton,  however,  points  out  that  there  is 
no  evidence  from  the  fauna  of  any  general  and  eerious  refrigeration  of  the  climate 
during  this  glacier  period.'  He  believes  that  the  principal  part  of  the  sub-tropical  flora 
and  fauna  of  New  Zealand  was  introduced  before  the  Miocene  period,  and  has  flourished 
ever  since,  and  that  any  serious  diminution  of  the  temperature  of  the  islands  would  have 
exterminated  all  but  the  more  cold-loving  species  of  plants  and  animals.  He  maintains 
that  the  cause  of  the  former  greater  extension  of  the  glaciers  is  to  be  sought  in  the  fact, 
of  which  there  arc  other  independent  proofs,  that  the  land  then  stood  at  a  fieir  higher 
level  than  it  does  at  present,  an  additional  3000  to  4000  feet  being  estimated  to  suffice 
for  restoring  the  glaciers  to  their  former  maximum  size.  He  likewise  adduces  grounds 
for  believing  that  the  glacier  epoch  in  New  Zealand  dates  back  to  a  much  earlier  time 
than  the  Ice  Age  of  the  nortliem  hemisphere,  probably  to  the  Pliocene  period. 

To  the  Upper  Pliocene  and  Pleistocene  periods  are  assigned  the  wide  terraced 
gravel-banks  and  alluvial  flats  which  occur  in  the  main  valleys  of  Australia,  and  tlie 
great  alluvial  plains  which  in  some  of  the  colonies  form  such  marked  features.  Those 
deposits  vary  up  to  300  feet  in  depth,  and  nre  the  great  storehouse  of  alluvial  gold. 
Like  corresponding  accumulations  in  Europe,  they  may  indicate  that  a  greater  rainfall 
was  concerned  in  their  formation  than  now  characterises  the  samo  region?.  If  the 
glaciers  of  Now  Zcalaud  advanced  into  the  sea,  and  the  great  Antarctic  ice-sheet  ever 
crept  north  towards  the  Australian  shores,  during  some  part  of  this  cold  period,  tlie 
rainfall  may  have  been  so  augmented  that  the  rivers  spread  out  far  beyond  iXie  limits 
within  which  they  aro  now  confined. 

Section  ii.  Recent  or  Human  Period. 

§  1.  General  Characters, 

Tlio  long  succession  of  Pleistocene  ages  shaded  witliout  abnipt 
change  of  any  kind  into  wliat  is  termed  the  Human  or  Recent  Period.* 
The  Ice  Age,  or  Glacial  Period,  may  indeed  be  said  still  to  exist  in 
Europe.  The  snow-fields  and  glaciers  have  disappeared  from  Britain, 
France,  the  Vosges,  and  the  Harz,  but  tliey  still  linger  among  the 
Pyrenees,  remain  in  larger  mass  among  the  Alps,  and  spread  over  wide 
areas  in  Northeni  Scandinavia.  This  dovetailing  or  overlapping  of 
geological  periods  has  been  the  rule  from  the  beginning  of  time,  the 
apparently  abrupt  transitions  in  the  geological  record  being  due  to  im- 
j^erfections  in  the  chronicle. 

*  Medlicott  and  Blanfonl,  *  Geology  of  India,'  p.  586. 

2  *  Geology  of  Canterbury  and  Westland,*  p.  371.  'J  his  however,  os  above  stated, 
is  not  admitted  by  Captain  Hutton  (N.  Zealand  Jmtrn.  Sct\  1884). 

»  '  Geology  of  Otago,*  p.  83.  See  for  a  fuller  statement  of  his  views  on  this  subject  his 
address  on  the  Origin  of  the  Fauna  and  Flora  of  New  Zealand,  N,  Zealand  Journ,  ScL 
(1884). 

*  See  for  general  information  Lyell's  *  Antiquity  of  IMan,'  Lubbock's  *  Prehistoric 
Times,'  Evans*  *  Ancient  Stone  Implements,'  Boyd  liiwkins'  •  Cave  Hunting '  and  *  £arly 
Man  in  Britain,'  J.  Geikie's  '  Prehistoric  Europe.' 
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1 -^ ; 

The  laat  of  the  long  Beries  of  geological  periods  may  be  subdivided 
into  subordinate  sections  as  follows : — 

Historic,  up  to  the  preseDt  tiiue. 

ilron.  Bronze,  and  later  Stone. 
NeoUtbic. 
Pal»olithlc. 

The  Human  Period  is  above  all  distinguished  by  the  presence  and 
influence  of  man.  It  is  difficult  to  determine  how  far  back  the  limit  of 
the  period  should  be  placed.  The  question  has  often  been  asked  whether 
man  was  coevcd  with  the  Ice  Age.  To  give  an  answer,  we  must  know 
within  what  limits  the  term  Ice  Age  is  used,  and  to  what  particulai' 
country  or  district  the  question  refers.  For  it  is  evident  that  even  to- 
day man  is  contemporary  with  the  Ice  Age  in  the  Alpine  valleys  and  in 
Finmark.  There  can  be  no  doubt  that  he  inhabited  Europe  after  the 
greatest  extension  of  the  ice.  He  not  improbably  migrated  with  the 
animals  that  came  from  warmer  climates  into  this  continent  during  the 
interglacial  intervals.  But  that  he  remained  when  the  climate  again 
became  cold  enough  to  freeze  the  rivers  and  permit  an  Arctic  fauna  to 
roam  far  south  into  Europe  is  proved  by  the  abundance  of  his  flint  im- 
plements in  the  thick  river-gravels,  into  which  they  no  doubt  often  fell 
through  holes  in  the  ice  as  he  was  Ashing. 

The  proofs  of  the  existence  of  man  in  former  geological  periods  are 
not  to  be  sought  for  in  the  occurrence  of  his  own  bodily  remains,  as  in 
the  case  of  otiier  animals.     His  bones  are  indeed  now  and  then  to  be 
found,  but  in  the  vast  majority  of  cases  his  former  presence  is  revealed 
by  the  implements  he  has  left  behind  him,  formed  of  stone,  metal,  or 
bone.     Many  years  ago  the  archaeologists  of  Denmark,  adopting  the 
phraseology  of  the  Latin  poets,  classified  the  early  traces  of  man  in  three 
great  divisions — the  Stone  Age,  Bronze  Age,  and  Iron  Ago.     There  can 
be  no  doubt  that,  on  the  whole,  this  has  been  the   general  order  of 
succession  in  Europe,  where  men  used  stone  and  bone  before  they  had 
discovered  the  use  of  metal,  and  learnt  how  to  obtain  bronze  before  they 
knew  anything  of  the  metallurgy  of  iron.     Nevertheless,  the  use  of 
stone  long  survived  the  introduction  of  bronze  and  iron.     In  fact,  in 
European  countries  where  metal  has  been  known  for  many  centuries, 
there  are  districts  where  stone  implements  are  still  employed,  or  where 
they  were  in  use  until  quite  recently.     It  is  obvious  also  that,  as  there 
are  still  barbarous  tribes  unacquainted  with  the  fabrication  of  metal,  the 
Stone  Age  is  not  yet  extinct  in  some  parts  of  the  world.     In  this  instance, 
we  again  see  how  geological  periods  run  into  each  other.    The  material  or 
shape  of  the  implement  cannot  therefore  bo  always  a  very  satisfactory 
j)roof  of  antiquity.     We  must  judge  of  it  by  the  circumstances  under 
which  it  was  found.     From  the  fact  that  in  north-western  Europe  the 
ruder  kinds  of  stone  weapons  occur  in  what  are  certainly  the  older 
deposits,  while  others  of  more  highly  finished  workmanship  are  found  in 
later  accumulations,  the  Stone  Age  has  been  subdivided  into  an  early  or 
Palceolithic  and  a  later  or  Neolithic  epoch.    There  can  be  no  doubt, 
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however,  that  the  latter  waa  in  great  meaaure  coeval  with  the  age  of 
bronze,  and  cvcu,  to  some  extent,  with  that  of  iron.' 

The  deposits  which  contain  the  history  of  the  Human  Period  are 
river-alluvia,  brick-eartli,  cavom-loaui,  calcareous  tufa,  loess,  lake- 
hottoms,  pcat-mosHcs,  sand-dunes,  and  other  superficial  accumulatioDH. 

Paleolithic.^ — Under  this  term  are  included  those  deposits  which 
have  yielded  rudely-worked  flints  of  human  workmanship  associated 
with  the  remains  of  mammalia,  some  of  which  arc  extinct,  while  others 
no  longer  live  whore  their  remains  have  been  obtained.  An  association 
of  the  same  mammalian  rem&inj}  under  similar  conditions,  but  without 
traces  of  man,  may  bo  assigned  to  the  same  geological  period,  and  he 


FiK. «!.— FdndnUo  mut  Implement. 

inchidud  in  tlio  PaltcoHthic  aeries.  A  satisfactory  chi\)nulogicivl  classifl- 
cation  of  the  deposit*  containing  the  first  relics  of  man  is  perhaps  unat- 
tainable, for  these  deposits  occur  in  detached  areas  and  ofibr  no  means 

'  The  Btudtnt  may  profltably  consult  Dr.  Arthur  Mitchell's  '  Paat  id  the  Preocnt, 
1880,  for  tho  wamingB  it  contaiua  aa  to  tbe  danger  of  deciding  upon  the  antlqully  of  an 
iinplcmvut  merely  from  its  rudeness. 

'  TljJB  term  hta  been  further  aubdivided  into  mluar  aectiona  according  to  tho  degree 
of  "'flniah"  in  the  inBtnimentB  and  their  presumed  ohranologlcal  order.  Thua,  dopcaita 
contttining  tho  very  rude  type  of  worked  flints  found  st  Chellea  near  Paris  nnd  at  St, 
Aoheul  have  been  called  ChelUan  or  Achtiilian.  Tliose  with  implements  tike  the 
scrapori  of  Moustior  (Dordogne)  have  been  named  ifoutterian.  Thoee  whero  Uie  flinli 
liuvc  been  more  deftly  worked,  like  the  implements  found  at  Solutre'  in  Burgandy,  have 
been  called  SdivMan ;  while  those  wtiich  contain  woll-finiahod  Implements  aasocialnl 
with  carved  bone  and  ivory,  ai  at  the  ca?DB  of  La  Madolaine  (P^igoriX  hava  boeu 
called  Magdutfiiian.  But  this  classification  does  not  reat  on  the  evidence  of  superpoeitioD. 
and  ia  probably  of  little  chronological  value,  though  some  woighl  may  bo  attached  to  tho 
presence  of  difforont  mammals  with  the  different  types  of  inatniment. 
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of  determining  their  physical  sequence.  To  assert  that  a  brick-earth  is 
older  than  a  cavem-breccia,  because  it  contains  some  bones  which  the 
latter  does  not,  or  fails  to  show  some  which  the  latter  does  yield,  is  too 
often  a  conclusion  drawn  because  it  agrees  with  preconceptions. 

Kiver-Alluvi  a. — Above  the  present  levels  of  the  rivers,  there  lie 
platforms  or  terraces  of  alluvium,  sometimes  up  to  a  height  of  80  or  100 
feet.  These  deposits  are  fragments  of  the  river-gravels  and  loams  laid 
do\vn  when  the  streams  flowed  at  these  elevations,  and  therefore  before 
the  valleys  were  widened  and  deepened  to  their  present  form.  River-action 
is  at  the  best  but  slow.  To  erode  the  valleys  to  so  great  a  de^ith  beneath 
the  level  of  the  upper  alluvia,  must  have  demanded  a  period  of  many 
centuries.  There  can  therefore  be  no  doubt  of  the  high  antiquity  of 
these  deposits.  They  have  yielded  the  remains  of  many  mammals, 
some  of  them  extinct  (Elephas  antiquus,  Hippopotamus  majors  Bhinocerott 
Mercki),  together  with  the  flint-flakes  made  by  man.  From  the  nature 
and  structure  of  some  of  the  high-level  gravels  there  can  be  little 
doubt  that  they  were  formed  at  a  time  when  the  rivers,  then  larger 
than  now,  wore  liable  to  be  frozen  and  to  be  obstructed  by  large  cw- 
cumulations  of  ice.  We  are  thus  able  to  connect  the  deposits  of  the 
Human  Period  with  some  of  the  later  phases  of  the  Ice  Age  in  the  west 
of  Europe. 

Brick  Earth  s. — ^In  some  regions  that  have  not  been  below  the  sea 
for  a  long  period,  a  variable  accumulation  of  loam  has  been  formed  on  the 
surface  from  the  decomposition  of  the  rocks  in  situ,  aided  by  the  drifting 
of  fine  particles  by  wind  and  the  gentle  washing  action  of  rain  and 
occasionally  of  streams.  Some  of  these  brick-earths  or  loams  are  of 
high  antiquity,  for  they  have  been  buried  under  fluviatile  deposits 
which  must  have  been  laid  down  when  the  rivers  flowed  far  above  their 
present  levels.  They  have  yielded  traces  of  man  associated  with  bones 
of  extinct  mammals. 

Cavern  Deposits. — Most  calcareous  districts  abound  in  under- 
ground tunnels  and  caverns  which  have  been  dissolved  by  the  passage 
of  water  from  the  surface  (p.  341).  Where  these  cavities  have  com- 
municated with  the  outer  surface,  terrestrial  animals,  including  man 
himself,  have  made  use  of  them  as  places  of  retreat,  or  have  fallen  ot 
been  washed  into  them.  The  floors  of  some  of  them  are  covered  with  a 
reddish  or  brownish  loam  or  cave-earth,  resulting  cither  from  the  in« 
soluble  residue  of  the  rock  left  behind  by  the  water  that  dissolved  out 
the  caverns,  or  from  the  deposit  of  the  silt  carried  by  the  water  which  in 
0ome  cases  has  certainly  flowed  through  them.  Very  commonly  a 
deposit  of  stalagmite  has  formed  from  the  drip  of  the  roof  above  the 
oftTe-earth.  Hence  any  organic  remains  which  may  have  found  theif 
Way  to  these  floors  have  been  sealed  up  and  admirably  preserved. 

OaloareoUs  Tufas. — The  deposits  of  calcareous  springs  have 
in.  TariouB  parts  of  Europe  preserved  remains  of  the  flora  and  faUna 
jBdUlemponmeoiUi  with  the  early  humatL  inhabitants  of  tlie  Contiiienti 
■.*x..:j:  the  mote  oelfibrated  of  these  dejposits  are  those  of  Caniistadt  in 
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|iUHtK  luiM^nfi;  uf  i?ftkN,  pofUnv  WMfikK,  '•nlantB  and  odiMr  tna*  sdD 
iitini;  IB  tlw  Mutvxnitilinii:  ixoHnity,  l<«t  wi&  tb«  nataimm  <d  the  cxtiact 
tiMMUKOtk:  «n<l>^f  lA(V1lr..n(«rSI<,«et,UitWindliyaf«kB&cue^ 

«MHi4«  ft  in  tv^>itv«rnr  tit  iw  )i1m»  in  gtchpMl  Ummj.  !■  OHBiri 
Auvfp  it  iviven  ft  <trt^  ATM.  B(^BM»g  <■»  libr  Wnch  « 
g>iW»s  it  ■k'niNfia  tMiward  actuA  tbe  MCtk  of  Riaai  aai  T  ' 
trnj-Mt  nvvtt).  filling  «tp  Uw  lower  Jtywawoai  «f  tin  A*ii 
ftr  *i}t  th«  vtill«>«  »(  Um  Rkinc  andl  ib  tntwtMVK,  tibr  y ■ilai .  IfcmNWi 
t«Iti  i  lA-eww  tboa^  of  th«  KlU  Above  MnsMn.  •&»  Vmul.  Xvlia.  «aS 
SmK  thA  t'ftptrt  (VW  utd  tk«  VnitnU.  £[«<(«diii|;  aonn  TljuMl^fcii 
(t  ncvcfKnurtv-kri)  ava  (be  pWtii'  v>f  ^)ba»d  Mkd  Swatbani  Au^^JVlMn- 
ikfatMB  tfcg  »>i)imr>««w  of  ttii-  IV'WnwwMi  ot Mifc  infiU.  3t  mIiiiiL 
IMo  BohesBu*,  Mvsntx^  lIa&f?uT,  6«llkw,  Tnn^fliaon  -mmI  ^mmmam. 
KWecfiinit  fiu-  n^t  int^  Oto  i^ftTiikUiudits  v1k4«  it  TeMbn  Iwiphfc  Ar.3m 
Mwt  it  Wi  MM^  tvon  4(N)0  or  MMM  f<F«4  aWw  tlie  9«t.  It  bmr  an  Ina. 
vA»r<nio^  on  t})«  tow  ticmuuitc  pWrni  »inik  <■!'  tin-  n«tltic  mit  «atliiM 
«««Crfkl  I''>>uD(«  *ad  Uk  A^ti«  dtuA.  'no'iicii  Uiiukcst  in  tk-  -^Mm* 
\\<n  fc«  viT  ntcirF)  it  w  not  oaB6B<>J  M  iLtiiu.  IhR  tjii iirti  cvsJit 
p)M«ftnx  M)A  mos  fiir  up  tlt«  fi«nfes  ci'  iIk^  igiUndk.  H^mr  ate  4^  ' 
wlwivi  It  fi>mte  H^TiNt  hif^^or  grcvUTxl,  ii  c/'iiuiiix  lavns.  «it  nan  In  i  i' 
Mijriilm'  ili'-lu-is  ^nl   <'lwu}ii*V(    il   j.tv-s.  i\-)  -   n   t'!i.:it'k.iI,:.     :;■■  Tf.  r:.. -- 

Tbc  loess  if)  soraetimee  foaud rostiitg  an  gmvi;^  coiitainiitj^^i^^nii- 
ttte  mianmcHik.  It  ma}'  be  ol»eiT«d  to  shtidi  off  iiitti  man,  reoont  «lnrn> 
ftocnTnttlKtionB.  It  is  probkUy  not  all  of  one  age,  Itavin^  been  drain-. 
<liirme  a  prolonf^  period  aad  at  laaiiv  different  altitndeb.     TkMn  <t 

the*-Wle  n,M  ri.l,  ii,   f.>,^i"K  ii  },a.-\-;. "■■."■  !     ..   -.^•j...    f,, ■.;.,,     „..; 
Hingnlarly  Ci'iiili-ms  l";lilLi.},.,.lii,"f,  ikw  ihat  tbc  dt.-j-iBi:  -wiu,  ^  rar^i 
Olid.     In  the-  (lifii  jiliiJ'd,  till-  hliilL-  ii.iuiij  m  it  urc-  ulmoei  'witli««t  ^niT' 
tioii  of  to]Ter.ii-ii,.l  si.,.ut-s.     OiJl  i.f  ill.t'SS  FjK-ciment  fron,  tin.-  hi—  i' 
the  Eliiiio,  )l]'..i,.i  f,.ui„]  .^,]y  uD.-  Lnn:^!!^  and  thrw-  in^).-v.-mUr  fm^ 
tiimntea  wifl    'J'lini..i-h.>..  ..i  -nLiiL   tL.re  were  onJy  32  epMaRMU;!  i»  C 
Of  the  rt«t,  ilhi-,   w,!i    i>S..-i(ii>  t).aiii].k'S  of  tv-u  Bj^ioii*  of 
MiijiKiliicius    ^'Kiiiih,    wjJ    1JS.-434   Kjiauiiueius   iwloiijrini;    i. 
f>f'  ffeita:,  Pk/i'i,  CtauaiUa,  BuJimu^  lAmar.,  and   Fi/nn'! — oi 
toireati'ittl    iirtTuB.i     ]t  ie  wmtiy   of  note  thai   flelirtat  mgui  \ 
Hhiuiiid  (It  j.r(«oiit  in  iLe  stpfij^-regitme  of  eentml  Asiu,  anA-^ 
of  t.lifc  Hjiocius  of  liiofls  nuiUntto  are  uow  iJTiup  ii 
■woMt    Silieriu.  and    on    tLc  jirairiw  of  the  Little  " 
Aiiiericu.- 

Froui  vai-iuoe  part*  of  ii« 
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a  remarkable  assemblage  of  animals,  which  included  a  jerboa  (Alactaga 
jaculuB)y  marmots  {Spermophilua,  several  species),  Arctomys  bohac^  tailless 
hare  (Lagomyspmllus),  numerons  species  ofArvicola,  Cricetusfrumentarius, 
C,  phceus,  porcupine  (Hystrix  Jitrsutirostris),  wild  horses,  and  antelopes 
{Antilope  saiga).  This  fauna,  excepting  some  extinct  or  extirpated 
Hpecies,  is  identical  with  that  which  now  lives  in  the  south-^ast 
European  and  south-west  Siberian  steppes.^  Besides  these  distinctively 
steppe  animals  the  loess  contains  numerous  remains  of  the  mammoth 
and  woolly  rhinoceros,  likewise  bones  of  the  musk-sheep,  hare,  wolf, 
stoat,  &c.  It  has  also  yielded  flint  implements  of  Palaeolithic  types. 
The  bones  of  man  himself  were  claimed  many  years  ago  by  Ami  Boue 
to  have  been  found  in  the  loess,  and  his  opinion  has  been  in  some 
measure  strengthened  by  more  recent  observations. 

The  origin  of  the  loess  is  a  problem  which  has  given  rise  to  much 
discussion.  It  has  been  regarded  by  some  writers  as  the  deposit  of  a 
vast  series  of  lakes ;  by  others  as  the  mud  left  by  swollen  rivers  dis- 
charged from  melting  ice-fields ;  by  others  as  a  sediment  washed  over 
the  surface  of  the  land  by  an  abundant  rainfall.  The  remarkably 
imstratified  character  of  the  loess  as  a  whole,  its  uniformity  in  fineness 
of  grain,  the  general  absence  of  coarse  fragments,  except  along  its 
margin,  where  they  might  be  expected,  its  singular  independence  of  the 
underlying  contour  of  the  ground,  and  the  almost  total  absence  in  it  of 
fluviatile  or  lacustrine  shells,  seem  to  prove  conclusively  that  it  cannot 
liave  been  laid  down  by  rivers  or  lakes.  On  the  other  hand,  its  internal 
composition,  the  thoroughly  oxidised  condition  of  its  ferruginous  con- 
stituent, its  distribution,  and  the  striking  character  of  its  enclosed 
organic  remains,  point  to  its  having  been  accumulated  in  the  open  air, 
probably  in  circumstances  similar  to  those  which  now  prevail  in  the  dry 
steppe  regions  of  the  globe.  It  appears  to  mark  some  arid  interval  after 
the  height  of  the  glacial  period  had  passed  away,  when  a  series  of  grassy 
and  dusty  steppes  swept  across  the  heart  of  Europe  and  Asia. 

Palaeolithic  Faun  a. — The  mammalian  remains  found  in  Palaeo- 
lithic deposits  are  remarkable  for  a  mixture  of  forms  from  warmer  and 
colder  latitudes  similar  to  that  already  noted  among  the  interglacial 
beds.  It  has  been  inferred,  indeed,  that  the  Palaeolithic  gravels  are 
themselves  referable  to  interglacial  conditions.  On  the  one  hand,  we 
meet  with  a  number  of  species  of  warmer  habitat,  as  the  lion,  hyaena, 
hippopotamus,  IjTix,  leopard,  and  caffer  cat;  and,  in  the  loess,  the 
assemblage  of  forms  above  refeiTed  to  as  that  which  still  characterises 
the  warm  dry  steppes  of  south-eastern  Europe  and  southern  Siberia. 
But,  on  the  other  hand,  a  large  number  of  the  forms  are  northern,  such 
as  tlie  glutton  (^Gulo  luscus),  Arctic  fox  {Cams  lagopus),  reindeer  (^Cermut 
tarandus),  Alpine  hare  (Lepus  variabilis),  Norwegian  lemming  {Myodes 
torquatus\  Arctic  lemming  {M,  lemmus,  M,  ohensis),  marmot  (Arctomys 
marmotta),  Kussian  vole  {Arvicola  raiticeps),  musk-sheep  (Ovibos  moschatus), 

*  Nehring,  (yp  cit,  p.  51,  where  a  Tefcreneo  to  tins  author's  Tiinnerons  memoirs  on  the 
subject  will  l>o  found. 
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BDowy-owl  (Stryx  nycfeo).    There  is  likewise  a  proportion  of  now  wholly 
extinct  animals,  which  include  the  Irish  elk  (Merjaeeroi  hihenUvM,)  ElejAat 


primigpvhu  (mammoth),  E.  anliquvB,  Wiinneeros  mfgarhinut.  It.  tichm-iiim$ 
(■woolly  rhinoceros),  B.  Merhii,  B.  leptorliinng,  and  cave-bear  ( f mm  gpe- 
leewi).    The  Palaeolithic  fauna  )ias  been  divided  into  three  sectionB,  each 


•.  U.  i  IJ  RECBST  OR   HUMAS  PEBIOD. 


919 


supposed  to  correspoad  with  ft  distinct  period  of  time :  let,  the  age  of 
Elephaa  antiquui,  with  which  species  are  associated  Skinoeeroa  Merkti  and 
Hi^popolamv*  Major,  2nd,  The  age  of  the  mammoth,  with  the  woolly 
rhinoceros,  caTe-bear  and  cave-hycena.  3rd,  The  age  of  the  reindeer, 
when  that  animal  passed  in  great  nombers  across  centml  Europe.  Bnt, 
as  already  stated,  such  snbdirisions  are  admittedly  artificial,  and  should 
only  be  used  as  provisional  aids  in  the  comparison  of  deposits  which 
cannot  be  tested  by  the  law  of  superposition. 

That  man  was  contemporary  with  these  varions  extinct  animals  is 
proved  by  the  frequent  oocnrrenoe  of  undoubtedly  human  implements, 
formal  of  roughly  chipped  flints.  Sec.,  associated  with  their  bones. 
Much  more  rarely,  portions  of  human  slelctons  have  been  recovered 
from  the  same  deposits.  The  men  of  the  time  appear  to  have  camped 
in  rock -shelters  and  caves,  and  to  have  lived  by  fishing  and  by  hunting 
the  reindeer,  bison,  horse,  mammoth,  rhinoceros,  cave-bear,  and  other 


animals.  That  they  were  not  without  some  kind  of  culture  is  shown 
1>V  the  vigorous  incise"!  sketches  and  carvings  which  they  have  left 
behind  f.n  reindeer  antlers,  mammoth  tnsks  (Fig.  432),  and  other  bones, 
depicting  the  animals  with  which  they  were  daily  familiar.  Some  of 
these  drawings  are  especially  valuable,  as  they  represent  forms  of  life 
long  ago  extinct,  such  as  the  mammoth  and  cave-bear.  The  men  wh.i 
in  KUaoUthic  time  inhabited  the  caves  of  Europe  ninst  have  had  much 
ztual  kinship,  U<  tli'.'  iii'-lem  Efkimcs. 
tThi'  <ippi«i!s  whence  th^  history  of  Neolithic  man  is 
i.rv  widely  in  age.  r>iiTie  of  them  were  no  donbt 
with  liarts  of  tlin  I'llKolithic  scries,  others  with 
Imn  scries.  Thoy  c^.n^l^tof  cavern  deposita,  allnvial 
.,„,.„,^.    liib -i'filt.riiis,    pile-dwellings,    and    shell- 
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The  list  of  mammals,  <fec.,  inhabiting  Europe  during  Neolithic  is 
distinguished   from  that  of  Palseolithic  time  by  the   absence  of  the 
mammoth,    woolly  rhinoceros,  and  other  extinct  types,  which  appear 
to  have  meanwhile  died  out  in  Europe.     The  only  form  now  extinct 
which  appears  to  have  survived  into  Neolithic  time  was  the  Irish  elk, 
which  may  have  continued  to  live  until  comparatively  late  timee.^     The 
general  assemblage  of  animals  was  probably  much  what  it  has  l)een 
during  the  period  of  history,  but  with  a  few  forms  which  have  dis- 
appeared from  most  of  Europe  either  within  or  shortly  before  the 
historic  period,  such  as  the  reindeer,  elk,  urus,  grizzly  bear,  brown  bear, 
wolf,  wild  boar,  and  beaver.    But  besides  these  wild  animals  there  are 
remains  of  domesticated  forms  introduced  by  the  race  which  supplanted 
the  Palseolithic  tribes.     These  are  the  dog,  horse,  sheep,  goat,  shorthorn, 
and  hog.     It  is  noteworthy  that  these  domestic  forms  were  not  parts  of 
the  indigenous  fauna  of  Europe.     They  appear  at  once  in  the  Neolithic 
deposits,  leading  to  the  inference  that  they  were  introduce*!  by  tho 
human  tribes  which  now  migrated,  probably  from  Central  Asia,  into 
the  European  continent.     These  tribes  were  likewise  acquainted  with 
agriculture,  for  several  kinds  of  grain,  as  well  as  seeds  of  fruits,  have 
been  found  in  their  lake-dwellings ;  and  the  deduction  has  been  drawn 
from  these  remains  that  the  plants  must    have  been  brought  from 
southern  Europe  or  Asia.     The  arts  of  spinning,  weaving,  and  potterj- 
making  were  also  known  to  these  people.     Human  skeletons  and  bones 
l>elonging  to  this  age  have  been  met  with  abundantly  in  barrows  and 
peat-mosses,  and  indicate  that  Neolithic  man  was  of  small  stature,  with  a 
long  or  oval  skull. 

The  history  of  the  Bronze  and  Iron  Ages  in  Europe  is  told  in  great 
fulness,  but  belongs  more  fittingly  to  tho  domain  of  tho  archfeologist, 
who  claims  as  his  proper  field  of  research  the  history  of  man  upon  the 
globe.  The  remains  from  which  the  record  of  these  ages  is  compiled  are 
objects  of  human  manufacture,  graves,  cairns,  sculptured  stones,  <fec., 
and  their  relative  dates  have  in  most  cases  to  be  decided,  not  upon 
geological,  but  upon  archajological  grounds.  When  the  sequence  of 
human  relics  can  be  shown  by  the  order  in  which  they  have  been 
successively  entombed,  tho  inquiry  is  strictly  geological,  and  the 
reasoning  is  as  logical  and  trustworthy  as  in  the  case  of  any  other 
kind  of  fossils.  Where,  on  the  other  hand,  as  so  often  happens,  the 
question  of  antiquity  has  to  be  decide<l  solely  by  relative  finish  and 
artistic  character  of  workmanship,  it  must  bo  left  to  the  experienced 
antiquarj'. 

§  2.  Local  De veloi>niont. 

A  few  oxamples  of  the  nature  of  the  deposits  of  the  Paleolithic  and  Neolithic 
ffories  will  suffice  to  show  the  general  character  of  the  evidence  which  they  sapply. 

Britain. — Palsooliihic  deposits  *are  absent  from  the  north  of  England  and  from 
Smtland.  Thoy  occur  in  the  south  of  England,  and  notably  in  the  valley  of  the  Thames. 

»  Oeol  Mag.  1881,  p.  .S54  ;  Nature,  xxvi.  p.  246. 
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In  that  district,  a  series  of  brick-earths  vrith  intercalated  bands  of  river-gravel,  having 
a  united  thickness  of  more  than  25  foot,  is  overlaid  by  a  remarkable  bod  of  clay,  loam, 
and  gravel  ("  trail  '*),  throe  feet  or  more  in  tliickness,  which  in  its  contorted  bedding 
and  large  angular  blocks  probably  bears  witness  to  its  having  been  accumulated 
during  a  time  of  floating  ico.  Tho  strata  below  this  presumably  glacial  deposit  have 
yielded  a  remarkable  number  of  mammalian  l)one8,  among  which  have  been  found 
undoubted  human  implements  of  chipped  flint.  The  niunber  of  species  amounts  to  26, 
which  include  Rhinoeeros  leptorhinus,  R,  Uchorhinus,  R,  megarhinu$t  Eleplias  antiquu^t 
E,  primigeniui^  Megacero$  hihemicu$,  Feii$  leo,  Hyama  crocula,  Urstu  feroXj  U,  areto$j 
Ocibo$  mofchatus.  Hippopotamus  major^  and  present  another  example  of  the  mingling 
of  northern  with  southern,  and  of  extinct  with  still  living  forms,  as  well  as  of  species 
which  have  long  disappeared  from  Britain  with  others  still  indigenous.  Other  ancient 
alluvia,  far  above  the  present  levels  of  the  rivers,  have  likewise  furnished  similar 
evidence  that  man  continued  to  be  tho  contemporary  in  England  of  the  northern  rhino- 
ceros and  mammoth,  tho  reindeer,  grizzly  bear,  brown  betir,  Irish  elk,  hippopotamup, 
lion,  and  hyadna. 

The  caverns  in  tho  Devonian,  Carboniferous,  and  IVIagnesian  limestones  of  England 
liavo  yielded  abundant  relics  of  the  same  prehistoric  fauna,  with  associated  traces  of 
I*alieolithic  man.  In  somo  of  these  places,  the  lowest  deposit  on  the  floor  contains  rude 
flint  implements  of  tho  same  type  as  those  found  in  the  oldest  river-gravels,  while 
others  of  a  more  finished  kind  occur  in  overlying  deposits,  whence  the  inference  has 
l)een  drawn  that  the  caverns  were  first  tenanted  by  a  savage  race  of  extreme  rudeness, 
and  afterwards  by  men  who  luid  made  some  advance  in  the  arts  of  life.  The  association 
of  bones  shows  that  when  man  had  for  a  time  retired,  some  of  these  caves  became  hyaena 
dens.  Hytena  bones  in  great  numbers  have  been  found  in  them  (remains  of  no  fewer  than 
300  individuals  were  taken  out  of  the  Kirkdale  cave),  with  abundant  gnawed  bones  of 
other  animals  on  which  the  hyienas  preyed,  and  quantities  of  their  excrement.  Holes  in 
the  limestone  opening  to  the  surface  (sinks,  swallow-holes)  have  likewise  become 
receptacles  for  the  remains  of  many  generations  of  animals  which  fell  into  them  by 
accident,  or  crawled  into  them  to  dio.  In  a  fissure  of  the  limestone  near  Gastleton, 
Derbyshire,  from  a  space  measuring  only  25  by  18  feet,  no  fewer  than  6800  bones, 
teeth,  or  fragments  of  bone  were  obtained,  chiefly  bison  and  reindeer,  with  bears,  wolves, 
foxes,  and  hares.^ 

Erance.— It  was  in  the  valley  of  the  Somme,  near  Abbeville,  that  the  first 
observations  were  made  which  led  the  way  to  the  recognition  of  the  liigh  antiquity  of 
man  upon  the  earth.  That  valley  has  been  eroded  out  of  the  chalk,  which  rises  to  a 
height  of  from  200  to  300  feet  above  the  modem  river.  Along  its  sides,  far  above  the 
present  alluvial  plain,  are  ancient  terraces  of  gravel  and  loam,  formed  at  a  time  when 
the  river  flowed  at  higher  levels.  The  lower  terrace  of  gravel,  with  a  covering  of 
flood-loam,  ranges  from  20  to  40  feet  in  thickness,  while  the  higher  bed  is  about  80 
feet.  Since  their  formation,  tho  Somme  has  eroded  its  channel  down  to  its  present  bottom, 
and  may  have  also  diminished  in  volume,  while  the  terraces  have,  during  the  interval, 
here  and  there  suffered  from  denudation.  Flint  implements  have  been  obtained  from 
both  terraces,  and  in  great  numbers,  associated  with  bones  of  mammoth,  rhinoceros  and 
other  extinct  mammals  (p.  905). 

The  caverns  of  the  Dordogne  and  other  regions  of  the  south  of  France  have  yielded 
abundant  and  varied  evidence  of  the  coexistence  of  man  with  the  reindeer  and  other 
animals  either  wholly  extinct  or  no  longer  indigenous.  So  numerous  in  particular  arc 
the  reindeer  remains,  and  so  intimate  the  association  of  traces  of  man  with  them,  that 
the  term  •*  Reindeer  period  *'  has  been  proposed  for  the  section  of  prehistoric  time  to 
which  these  interesting  relics  belong.  The  art  displayed  in  the  implements  found  in  the 
caverns  appears  to  indicate  a  considerable  advance  on  that  of  the  chipped  flints  of  the 

»  Boyd  Dawkins,  •  Early  Man  in  Britain,*  p.  188.    The  reindeer  has  yet  not  been 
found  in  such  abundance  in  the  English  caverns  as  in  those  of  Southern  France. 
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Somme.     Somo  of  tho  pictures  of  reindeer  and  mammoths,  incised  on  bones  of  ^ese 
animals,  are  singularly  spirited  (Fig.  432). 

Germany. — From  various  caverns,  particularly  in  the  dolomite  of  Franconia 
(Muggendorf,  Gailenreuth)  and  in  the  Devonian  limestone  of  Westphalia  and 
Khineland,  remains  of  extinct  mammals  liave  been  obtained,  sometimes  in  great  num- 
bers, including  cave-bear  (of  which  the  remains  of  800  individoals  have  been  taken 
out  of  the  Gailenreuth  cave),  hysBua,  lion,  rhinoceros,  and  others.  From  the  cavern 
of  Hohlefels  in  Swabia  remains  of  elephants,  rhinoceroses,  reindeer,  antelopes,  horses, 
cave-bears  and  other  animals  have  been  found,  together  with  interesting  proofs  of  tho 
contemporaneity  of  man,  in  tho  form  of  rude  flint  implements,  axes  of  bone,  or  teeth  and 
bones  which  he  had  bored  through,  or  split  open  for  their  marrow.  At  Schassenried 
in  the  Swabian  Saulgau,  not  far  from  tho  Lake  of  Constance,  beneath  a  deposit  of 
calcareous  tufa  enclosing  land-shells,  there  is  a  peaty  bed  containing  Arctic  and  Alpine 
mosses,  together  with  abundant  remains  of  reindeer,  also  bones  of  the  glutton,  Arctic  fox, 
brown  fox,  polar  bear,  horse,  &c.  While  this  truly  Arctic  assemblage  of  animals  lived 
near  the  foot  of  the  Alps,  man  also  was  their  contemporary,  as  is  shown  by  the  presence, 
in  the  same  deposit,  of  his  flint  implements,  stones  that  have  been  blackened  by  fire, 
bones  of  the  reindeer  and  horse  that  have  been  broken  open  for  their  marrow,  needles 
of  wood  and  bone,  and  balls  of  red  pigment  probably  used  for  painting  his  body.^ 

S'witzerland. — The  lakes  of  Switzerland,  as  well  as  those  of  most  other  countries 
in  Europe,  have  yielded  in  considerable  numbers  the  relics  of  Neolithic  man.  Dwel- 
lings constructed  of  piles  were  built  in  the  water  out  of  arrow-shot  from  the  shore. 
Partly  from  destruction  by  fire,  partly  from  successive  reconstructions,  the  bottom  of 
the  water  at  these  places  is  strewn  with  a  thick  accumulation  of  debris,  from  which 
vast  numbers  of  relics  of  the  old  population  have  been  recovered,  revealing  much  of 
their  mode  of  life.'  Some  of  these  settlements  probably  date  far  back  beyond  tho 
beginning  of  the  historic  period.  Others  belong  to  the  Bronze,  and  to  the  Iron  Age. 
But  the  same  site  would  no  doubt  be  used  for  many  generations,  so  that  successive  layers 
of  relics  of  progressively  later  nge  would  be  deposited  on  the  lake-bottom.  It  is  believed 
that  in  some  ca^s  the  lacustrine  dwellings  were  still  uged  in  the  first  century  of  our  era. 

Denmark.— The  shell-mounds  (KJOkken-rnddding^  from  3  to  10  feet  high,  and 
sometimes  1000  feet  long,  heaped  up  on  various  parts  of  the  Danish  coast-line,  mark 
settlements  of  the  Neolithic  age.  They  are  made  up  of  refuse,  chiefly  shells  of  mussels, 
cockles,  oysters,  and  periwinkles,  mingled  with  bones  of  the  herring,  cod,  eel,  flounder, 
great  auk,  wild  duck,  goose,  wild  swan,  capercailzie,  stag,  roe,  wild  boar,  urus,  lynx, 
wolf,  wild  cat,  bear,  seal,  porpoise,  dog,  &c.,  with  human  tools  of  stone,  bone,  loam,  or 
wood,  fragments  of  rude  pottery,  charc<Md,  and  cinders. 

The  Danish  peat-mosses  have  likewise  furnished  relics  of  the  early  human  races  in 
that  region.  They  are  from  20  to  80  feet  thick,  the  lovret  portion  containing  remains 
of  Scotch  fir  (Pt«i«  sylvestrU)  and  Neolithic  implements.  This  tree  has  never  been 
indigenous  in  the  country  within  the  historic  period.  A  higher  layer  of  the  peat 
contains  remains  of  the  common  oak  with  bronze  implements,  while  at  the  top  come 
the  beech-tree  and  weapons  of  iron. 

North  America. — Prehistoric  deposits  are  essentially  the  same  on  both  sides  of 
tho  Atlantic.  In  North  America,  as  in  Europe,  no  very  definite  lines  can  be  drawn 
within  wliich  they  should  bo  confined.  They  cannot  be  sharply  separated  from  (ho 
Champlain  series  on  the  one  hand,  nor  from  modem  accumulations  on  tho  other. 
Besides  the  marshes,  peat-bogs,  and  other  organic  deposits  which  belong  to  an  early 
period  in  the  Imman  occupation  of  America,  some  of  tho  younger  alluvia  of  the  river- 
valleys  and  lakes  can  no  doubt  claim  a  high  antiquity,  though  they  have  not  Supplied 
the  same  copious  evidence  of  early  man  which  gives  so  much  interest  to  the  correspond- 
ing European  formations.    From  the  peat-bogs  of  the  eastern  States,  and  from  the  older 


*  O.  Fraas,  ArchivfUr  Anthropologie,  Brunswick,  1867. 
«  Keller's  'I^ake  Dwellings  of  Switzerland.* 
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alluvinm  of  the  MisBOnri  River,  the  remains  of  the  gigantio  mastodon  have  been 
obtained.  There  have  likewise  been  found  bones  of  reindeer,  elk,  bison,  beaver,  horse, 
(six  species),  lion  and  bear;  while  southwards  those  of  extinct  sloths  (Mylodon^ 
Megatherium)  make  their  appearance.  In  California,  from  the  deep  auriferous  gravels 
remains  of  mastodon  and  other  extinct  animals  have  been  met  with,  also  human  bones, 
stone  spear-heads,  mortars  and  other  implements.  Prof.  Whitney  has  described  tho 
famous  Calaveras  skull  as  occurring  at  a  depth  of  120  feet  in  undisturbed  gravel  which  is 
covered  with  a  sheet  of  basalt*  Heaps  of  shells  of  edible  species,  like  those  of  Denmark, 
occur  on  the  coasts  of  Nova  Scotia,  Maine,  &o.  The  large  mounds  of  artificial  origin  in 
the  Mississippi  valley  have  excited  much  attention.  The  early  archsaology  of  these 
regions  has  still  to  be  explored. 

In  South  America,  the  loams  of  the  Pampas  have  furnished  abundant  remains  of 
horses,  tapirs,  lamas,  mastodons,  wolves,  panthers,  with  gigantic  extinct  sloths  and 
armadillos  {Megatlierium^  Glyptodon). 

Australasia. — No  line  can  be  drawn  between  the  accumulations  of  the  present 
time  and  those  which  have  been  called  Pleistocene.  The  alluvia  of  the  modern  streams 
have  been  formed  under  similar  conditions  to  those  under  which  the  older  alluvia 
were  laid  down,  though  possibly  with  some  differences  of  climate.  In  New  South 
Wales,  ossiferous  caverns  contain  bones  of  the  extinct  marsupial  animals  mentioned  on 
p.  886,  mingled  with  those  of  some  of  the  species  which  are  still  living  in  the  same 
localities.  In  one  locality  in  the  same  colony,  in  sinking  a  well,  teeth  of  crocodiles  were 
found  with  bones  of  Diprotodon,  &c.  No  human  remains  have  yet  been  found  associated 
with  those  of  tho  extinct  animals ;  but  a  stone  hatchet  was  taken  out  of  alluvium  at  a 
depth  of  14  feet.' 

In  New  Zealand,  the  most  interesting  feature  in  the  younger  geological  accumula- 
tions is  the  presence  of  the  bones  of  the  largo  bird  DinomiSf  which  has  become  extinct 
since  the  Maoris  peopled  tho  islands.  The  evidences  of  tho  human  occupation  of  tho 
country  are  confined  to  the  surface-soil,  shelter-caves,  and  sand-dunes.' 


*  Mem,  Mu8,  Compar.  Zool,  Harvard,  vi.  (1880).  The  evidence  for  the  great 
antiquity  of  man  in  America,  and  his  contemporaneity  with  the  Mastodon  and  other 
extinct  animals,  is  summarized  by  the  Marquis  do  Nadaillac  in  his  'L'Am^riqno 
Prehistoriqae '  (translated  by  N.  d' An  vers,  1885). 

*  C.  S.  Wilkinson,  *  Notes  on  Gkjology  of  New  South  Wales,  1882,'  p.  59. 
'  Hector,  *  Handbook  of  New  Zealand,'  p.  25. 
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BOOK  VIT. 

PHYSIOGRAPHICAL  GEOLOGY. 

An  investigation  of  the  geological  history  of  a  country  involves  two 
distinct  lines  of  inquiry.  We  may  first  consider  the  nature  and 
arrangement  of  the  rocks  that  underlie  the  surface,  with  a  view  to 
ascertain  from  them  the  successive  changes  in  physical  geography 
and  in  plant  and  animal  life  which  they  chronicle.  But  besides  the 
story  of  the  rocks,  wo  may  try  to  trace  that  of  the  surface  itaelf — the 
origin  and  vicissitudes  of  the  mountains  and  plains,  valleys  and  ravines, 
peaks,  i^asses,  and  lake-basins  which  have  been  formed  out  of  the  rocks. 
The  two  inquiries  traced  backward  merge  into  each  other;  but  they 
become  more  and  more  distinct  as  they  are  pursued  towards  later  times. 
It  is  obvious,  for  instance,  that  a  mass  of  marine  limestone  which  rises 
into  groups  of  hills,  trenched  by  river-gorges  and  traversed  by  valleys, 
presents  two  sharply  contrasted  pictures  to  the  mind.  Looked  at  from 
the  side  of  its  origin,  the  rock  brings  before  us  a  sea-bottom  over  which 
the  relics  of  generations  of  a  luxuriant  marine  calcareous  fauna  accumu- 
lated. Wo  may  be  able  to  trace  every  bed,  to  mark  with  precision  its 
organic  contents,  and  to  establish  the  zoological  succession  of  which 
these  superimposed  sea-bottoms  are  the  records.  But  we  may  be  qaite 
unable  to  explain  how  such  sea-formed  limestone  came  to  stand  as  it 
now  docs,  here  towering  into  hills  and  there  sinking  into  valleys,  llie 
rocks  and  their  contents  form  one  subject  of  study ;  the  history  of  their 
present  scenery  forms  another. 

The  branch  of  geological  inquiry  which  deals  with  the  evolution  of 
the  existing  contours  of  the  dry  land  is  termed  Physiographical  Geology. 
To  be  able  to  pursue  it  profitably,  some  acquaintance  with  all  the  other 
branches  of  the  science  is  requisite.  Hence  its  consideration  has  been 
reserved  for  this  final  division  of  the  present  work ;  but  only  a  rapid 
summary  can  be  attempted  here. 

At  the  outset  one  or  two  fundamental  facts  may  be  stated.  It  is 
evident  that  the  materials  of  the  greater  part  of  the  dry  land  have  been 
laid  down  upon  the  floor  of  the  sea.  That  they  now  not  only  rise 
above  the  sea-level,  but  sweep  upwards  into  the  crests  of  lofty  moun- 
tains, can  only  be  explained  by  displacement.  Thus  the  land  owes  its 
exis^^nc-8  mainly  to  upheaval  of  the  terrestrial  crust.     The  same  sedi- 
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mentary  materials  which  demoiistrate  the  fact  of  displacement,  afford 
an  indication  of  its  nature  and  amount.  Having  been  laid  down  in 
wide  sheets  on  the  sea-bottom,  they  must  have  been  originally,  on  the 
whole,  level  or  at  least  only  gently  inclined.  Any  serious  departure 
from  this  original  position  must  therefore  be  the  effect  of  displacement, 
so  that  stratification  forms  a  kind  of  datum-line  from  which  such  effects 
may  be  measured. 

Further,  it  is  not  less  apparent  that  sedimentary  rocks,  besides 
having  suffered  from  disturbance  of  the  crust,  have  undergone  extensive 
denudation.  Even  in  tracts  where  they  remain  horizontal,  they  have 
been  carved  into  wide  valleys.  Their  detached  outliers  stand  out  upon 
the  plains  as  memorials  of  what  has  been  removed.  Where,  on  the 
other  hand,  they  have  been  thrown  into  inclined  positions^  the  trunca- 
tion of  their  strata  at  the  surface  points  to  the  same  universal 
degradation.  Here,  again,  the  lines  of  stratification  may  be  used  as 
datum-lines  to  measure  approximately  the  amount  of  rock  which  has 
been  worn  away. 

While,  therefore,  it  is  time  that,  taken  as  a  whole,  the  dry  land  of 
the  globe  owes  its  existence  to  upheaval,  it  is  not  less  true  that  its 
present  contours  are  due  mainly  to  erosion.  These  two  antagonistic 
forms  of  geological  energy  have  been  at  work  from  the  earliest  times, 
and  the  existing  land  with  all  its  varied  scenery  is  the  result  of  their 
combined  operation.  Each  has  had  its  own  characteristic  task.  Up- 
heaval has,  as  it  were,  raised  the  rough  block  of  marble,  but  erosion  has 
carved  that  block  into  the  graceful  statue. 

The  very  rocks  of  which  the  land  is  built  up  bear  witness  to  this 
intimate  co-operation  of  hypogene  and  epigene  agency.  The  younger 
stratified  formations  have  been  to  a  large  extent  derived  from  the 
waste  of  the  older,  the  same  mineral  ingredients  being  used  over  and 
over  again.  This  could  not  have  happened  but  for  repeated  uplifts, 
whereby  the  sedimentary  accumulations  of  the  sea-floor  were  brought 
within  reach  of  the  denuding  agents.  Moreover,  the  internal  characters 
of  these  formations  point  unmistakably  to  deposition  in  comparatively 
shallow  water.  Their  abundant  intercalations  of  fine  and  coarBe 
materials,  their  constant  variety  of  mineral  composition,  their  sun- 
cracks,  ripple-marks,  rain-pittings,  and  worm-tracks,  their  numerous 
unoonformabilities  and  traces  of  terrestrial  surfaces,  together  with  the 
prevalent  facies  of  their  organic  contents,  combine  to  demonstrate  that 
the  main  mass  of  the  sedimentary  rocks  of  the  earth's  crust  was 
aocomulated  close  to  land,  and  that  no  trace  of  really  abysmal  deposits 
is  to  be  found  among  them.  From  these  oonsideiations  we  are  led  up  to 
the  oonclusion  that  the  present  continental  areas  must  have  been 
terrestrial  regions  of  the  earth's  surface  from  a  remote  geological  period* 
Subject  to  repeated  oscillations,  so  that  one  tract  after  another  has 
disappeared  and  reappeared  from  beneath  the  sea,  the  continents,  though 
constimtly  varying  in  shape  and  sise,  have  yet  maintained  their  in- 
dividuality.   We  may  infer,  likewise,  that  the  existing  ocean-basins 
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have  probably  always  been  the  great  depressions  of  the  earth's 
surface.^ 

Geologists  are  now  generally  agreed  that  it  is  mainly  to  the  effects 
of  the  secular  contraction  of  our  planet  that  the  deformationB  and 
dislocations  of  the  terrestrial  crust  are  to  be  traced.  The  cool  outer 
shell  has  sunk  down  upon  the  more  rapidly  contracting  hot  nucleus, 
and  the  enormous  lateral  compression  thereby  produced  has  thrown  the 
crust  into  undulations,  and  even  into  the  most  complicated  corrugations.' 
Hence,  in  the  places  where  the  crust  has  yielded  to  the  pressure,  it  must 
have  been  thickened,  being  folded  or  pushed  over  itself,  or  being  per- 
haps thrown  into  double  bulges,  one  portion  of  which  rises  into  the 
air,  while  the  corresponding  portion  descends  into  the  interior.  Mr. 
Fisher  believes  that  this  downward  bulging  of  the  lighter  materials  of 
the  crust  into  a  heavier  substratum  underneath  the  great  mountain- 
uplifts  of  the  surface  is  indicated  by  the  observed  diminution  in  the 
normal  rate  of  augmentation  of  earth-temperature  beneath  mountains,^ 
and  by  the  lessened  deflection  of  the  plumb-line  in  the  same  regions. 

The  close  connection  between  upheaval  and  denudation  on  the  one 
hand  and  depression  and  deposition  on  the  other  has  often  been  remarked, 
and  striking  examples  of  it  have  been  gathered  from  all  parts  of  the 
world.  It  is  a  familiar  fact  that  along  the  central  and  highest  parts  of 
a  mountain  chain,  the  oldest  strata  have  been  laid  bare  after  the 
removal  of  an  enormous  thickness  of  later  deposits.  The  same  region 
still  remains  high  ground,  even  after  prolonged  denudation.  Again,  in 
areas  where  thick  accumulations  of  sedimentary  material  have  taken 
place,  there  has  always  been  contemporaneous  subsidence.  So  close  and 
constant  is  this  relationship,  as  to  have  suggested  the  belief  that 
denudation  by  unloading  the  crust  allows  it  to  rise,  while  deposition  by 
loading  it  causes  it  to  sink  {anie^  p.  271).^ 

It  is  evident  that  in  the  results  of  terrestrial  contraction  on  the 
surface  of  the  whole  planet,  subsidence  must  always  have  been  in  excess 
of  upheaval — ^that  in  fact  upheaval  has  only  occurred  locally  over  areas 
where  portions  of  the  crust  have  been  ridged  up  by  the  enormous 
tangential  thrust  of  adjacent  subsiding  regions.  The  tracts  which  have 
thus  been,  as  it  were,  squeezed  out  under  the  strain  of  contraction  have 

»  See  J.  D.  Dana,  Amer,  Joum.  Sci,  (2)  ii.  (1846),  p.  352 ;  "Geology"  in  'Wilkes* 
Exploring  Expedition,'  1849;  Amer.  Joum,  Sci.  (2)  xxii.  (1856);  'Manual  of  Geology,* 
1863,  2nd  edit.  1874,  8rd  edit.  1880;  Darwin.  'Origin  of  Species,'  Ist  edit  p.  343; 
L.  Agassiz,  BuU.  Mu8,  Comp.  ZooL  1869,  vol.  i.  No.  18;  J.  V,  Whitney,  Mem,  Mw. 
Comp,  Zool,  Uarvard,  vii.  No.  2,  p.  210.  See  also  Proc,  Roy.  Geograph,  Soc,  new  ser.  i. 
(1879)  p.  422.  :f      -»    i- 

2  The  Rev.  O.  Fisher,  in  hi8  'Physics  of  the  Earth's  Crust,'  maintains  that  the 
secular  contraction  of  a  solid  globe  through  mere  cooling  will  not  account  for  the  ob- 
served phenomena;  and  he  restates  his  ailment  for  the  existence  of  a  fluid  subetratum 
between  the  crust  and  the  nucleus.    See  antet  p.  54. 

»  Op.  cit,  chap.  xii.  The  rate  observed  in  the  Mont  Cenis  and  Mont  St.  Gothard 
tunnels  was  about  1°  Fahr.  for  every  100  feet,  or  only  about  half  the  usual  rate. 

*  This  belief  has  in  recent  years  been  forcibly  urged  by  American  geologists  who 
have  studied  the  structure  of  the  Western  Territories.  See  especially  the  Reports  of 
Mr.  Clarence  King,  Major  Powell,  and  Captain  Dutton. 
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been  weaker  parts  of  the  crust,  and  have  usually  been  made  use  of  again 
and  again  during  geological  time.  They  form  the  terrestrial  regions  of 
the  earth's  surface.  Thus,  the  continents  as  we  now  find  them  are  the 
result  of  many  successive  uplifts,  corresponding  probably  to  concomitant 
depressions  of  the  ocean  bed.  In  the  long  process  of  contraction,  the 
earth  has  not  contracted  uniformly  and  equably.  There  have  been, 
no  doubt,  vast  periods  during  which  no  appreciable  or  only  excessively 
gradual  movements  took  place;  but  there  have  probably  also  been 
intervals  when  the  accumulated  strain  on  the  crust  found  relief  in  more 
or  less  rapid  collapse. 

The  general  result  of  such  terrestrial  disturbances  has  been  to  throw 
the  crust  of  the  earth  into  wave-like  undulations.  In  some  cases,  a  wide 
area  has  been  upheaved  as  a  broad  low  arch,  with  little  disturbance  of 
the  original  level  stratification  of  its  component  rocks.  More  usually, 
the  undulations  have  been  impressed  as  more  sensible  deformations  of 
the  crust,  varying  in  magnitude  from  the  gentlest  appreciable  roll  up  to 
mountainous  crests  of  complicated  plication,  inversion,  and  fracture. 
As  a  rule,  the  undulations  have  been  linear,  but  their  direction  has 
varied  from  time  to  time,  having  been  determined  at  right  angles,  or 
approximately  so,  to  the  trend  of  the  lateral  pressure  that  produced 
them. 

Considered  with  reference  to  their  mode  of  production,  the  leading 
contours  of  a  land-surface  may  be  grouped  as  follows  :  1.  Those  which 
are  due  more  or  less  directly  to  disturbance  of  the  crust.  2.  Those 
whi(jh  have  been  formed  by  volcanic  action.  3.  Those  which  are  the 
result  of  denudation. 

1.  Terrestrial  Features  due  more  or  less  directly 
to  Disturbance  of  the  Crus t. — In  some  regions,  large  areas  of 
stratified  rocks  have  been  raised  up  with  so  little  trace  of  curvature, 
that  they  seem  to  the  eye  to  extend  in  horizontal  sheets  as  wide  plains 
or  table-lands.  If,  however,  these  areas  can  be  followed  sufficiently  far, 
the  flat  strata  are  eventually  found  to  curve  down  slowly  or  rapidly,  or 
to  be  truncated  by  dislocations.  In  an  elevated  region  of  this  kind,  the 
general  level  of  the  ground  corresponds,  on  the  whole,  with  the  planes 
of  stratification  of  the  rocks.  Vast  regions  of  Western  America,  where 
Cretaceous  and  later  strata  extend  in  nearly  horizontal  sheets  for 
thousands  of  square  miles  at  heights  of  4000  feet  or  more  above  the  sea, 
may  be  taken  as  illustrations  of  this  structure. 

As  a  rule,  curvature  is  more  or  less  distinctly  traceable  in  every 
region  of  uplifted  rocks.  Various  types  of  flexure  may  be  noticed,  of 
which  the  following  are  some  of  the  more  important : — 

(a)  MonocUnal  Flexures  (p.  501). — These  occur  most  markedly  in 
broad  plateau-regions  and  on  the  flanks  of  large  broad  uplifts,  as  in  the 
table-lands  of  Utah,  Wyoming,  &c.  They  are  frequently  replaced  by 
faults,  of  which  indeed  they  may  be  regarded  as  an  incipient  stage 
(p.  612). 

(&)  Symimlrical  Fkxures^  where  the  strata  are  inclined  on  the  two 
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sides  of  tho  axis  at  the  same  or  nearly  the  same  angle,  may  be  low 
gentle  undulations,  or  may  increase  in  steepness  till  they  become  short 
sharp  curves.  Admirable  illustrations  of  different  degrees  of  inclination 
may  be  seen  in  the  ranges  of  the  Jura  and  the  Appalachians,  where  the 
influence  of  this  structure  of  the  rocks  on  external  scenery  may  be 
instructively  studied.  In  many  instances,  each  anticline  forms  a 
long  ridge,  and  each  syncline  runs  as  a  corresponding  and  parallel 
valley.  It  will  usually  be  observed,  however,  that  the  surface  of  the 
ground  does  not  strictly  conform,  for  more  than  a  short  distance,  to  the 
surface  of  any  one  bed;  but  that,  on  the  contrary,  it  passes  across 
the  edges  of  successive  beds,  as  in  Fig.  434.    This  relation — so  striking 
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Fig.  434.— Symmetrical  Flexures  of  Swiss  Jura 
(the  ridges  coinciding  with  anticlines  and  tlie  valleys  with  syndines). 

a  proof  of  the  extent  to  which  the  surface  of  the  land  has  suffered  from 
denudation — may  be  followed  through  successive  phases  until  the 
original  superficial  contours  are  exactly  reversed,  the  ridges  running 
along  the  lines  of  syncline  and  the  valleys  along  the  lines  of  anticline 
(Figs.  236,  237).  Among  the  older  rocks  of  the  earth's  crust  which 
have  been  exposed  alike  to  curvature  and  prolonged  denudation,  this 
reversal  may  be  considered  to  be  the  rule  rather  than  the  exception. 
The  tension  of  curvature  may  occasionally  have  produced  an  actual 
rupture  of  the  crest  of  an  anticline  along  which  the  denuding  agents 
would  effectively  work. 


4* 


Fig.  436.— Vinta  type  of  Flexure. 
o,  Pakeoioic  rocks ;  b,  Hesocoic ;  c,  Tertiary ;  /,  fault. 
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The  Uint^  type  is  a  variety  of  this  structure  seen  to  great  perfection 
iu  the  Uinta  Mountains  of  Wyoming  and  Utah.  It  consists  of  a  broad 
flattened  flexure  from  which  the  strata  descend  steeply  or  vertically  into 
tho  low  grounds,  where  they  quickly  resume  their  horizontality.  In 
the  Uinta  Mountains,  the  flat  arch  has  a  length  of  upwards  of  150  and  a 
breadth  of  about  50  miles,  and  exposes  a  vast  deeply  trenched  plateau 
with  an  average  height  of  10,000  to  11,000  feet  above  the  sea,  and 
5000  to  6000  feet  above  the  plains  on  either  side.  This  elevated  region 
consists  of  nearly  level  ancient  Palaeozoic  rocks,  which  plunge  below 
the  Secondary  and  Tertiary  deposits  that  have  been  tilted  by  the 
uplifD  (Fig.  435).    Powell  believes  that  a  depth  of  not  less  than  three 


MOUNTAIN  FLEXURES, 


929 


and  a  half  miles  of  strata  has  been  removed  by  denudation  from  the  top 
of  the  arch.i  In  some  places,  the  line  of  maximum  flexure  at  the  side  of 
the  uplift  has  given  way,  and  the  resulting  fault  has  at  one  point  a 
vertical  displacemeut  estimated  by  him  at  20,000  feet. 

Another  variety  of  more  complex  structure  may  be  termed  the  Park 
type,  from  its  singularly  clear  development  in  the  Park  region  of 
Colorado.  In  this  type,  an  axis  of  ancient  crystalline  rocks— granites, 
gneisses,  &c.— has  been  as  it  were  pushed  through  the  flexure,  or  the 
younger  strata  have  been  bent  sharply  over  it,  so  that  after  vast  denuda- 
tion their  truncated  ends  stand  up  vertically  along  the  flanks  of  the 
uplifted  nucleus  of  older  rocks  (Fig.  436). 


^  Fig.  436.— Park  type  of  Flexure. 

'^  a.  Crystalline  rocks ;  b,  Mesozoic  rock^. 

There  may  bo  only  one  dominant  flexure,  as  in  the  case  of  the  Uinta 
Mountains,  the  long  axial  line  of  which  is  truncated  at  the  ends  by  lines 
of  flexure  nearly  at  right  angles  to  it.  More  usually,  numerous  folds 
run  approximately  parallel  to  each  other,  as  in  the  Jura  and  Appalachian 
chains.  Not  infrequently,  some  of  them  die  out  or  coalesce.  Their 
axes  are  seldom  perfectly  straight  linos. 

(c)  Unsymmetrical  Flexures^  where  one  side  of  the  fold  is  much 
steeper  than  the  other,  but  where  they  are  still  inclined  in  opposite 
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Fig.  437.— Section  across  Western  Part  of  Jura  Mountains. 
(After  P.  Choffat,  ,,,»„j,„,  A.  Heiro,  'Mechanism.  Oebirgsb.'  pi.  xiii.) 

directions,  occur  in  tracts  of  considerable  disturbance.  The  steep  sides 
look  away  from  the  area  of  maximum  movement,  and  are  more  sharply 
inclined  as  they  approach  it,  until  the  flexures  become  inverted.  In- 
structive examples  of  this  structui-e  are  presented  by  the  Jura  Mountains 
and  the  Appalachian  chain.  In  these  tracts,  it  is  observable  that  in 
proportion  as  the  flexures  increase  in  angle  of  inclination,  they  become 
narrower  and  closer  together ;  while,  on  the  other  hand,as  they  diminish 
into  symmetrical  forms,  they  become  broader,  flatter,  and  wider  apart, 
till  they  disappear  (Figs.  238,  437). 

(d)    Beversed  Flexures,  where  the  strata  have  been  folded  over  in 
such  a  way  that  on  both  sides  of  the  axis  of  curvature  they  dip  in  the 

*  *  Geology  of  Uinta  Mountaina,*  p.  201 .  There,  is  in  this  work  a  suggestive  dis- 
cussion of  t]^s  of  mountain  strncture.  See  also  Clarence  King's  •  Report  on  Geology 
of  40th  Parallel,'  vol,  i. 
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same  direction,  occur  chiefly  in  districts  of  the  most  intense  plication, 
such  as  a  great  mountcdn  chain  like  the  Alps.  The  inclination,  as 
before,  is  for  the  most  part  towards  the  region  of  maximum  disturbance, 
and  the  flexures  are  often  so  rapid  that  after  denudation  of  the  tops  of 
the  arches  the  strata  are  isoclinal,  or  appear  to  be  dipping  all  in  the 
same  direction  (p.  603).  A  gradation  can  be  traced  through  the  three 
last-named  kinds  of  flexure.  The  inverted  or  reversed  type  is  found 
where  the  'crumpling  of  the  crust  has  been  greatest.  Away  from  the 
area  of  maximum  disturbance,  the  folds  pass  into  the  unsymmetrical 
type,  then  with  gradually  lessening  slopes  into  the  symmetrical,  finally 
widening  out  and  flattening  into  the  plains.  If  we  bisect  the  flexures 
in  a  section  of  such  a  plicated  region  we  find  that  the  lines  of  bisection 
or  "  axis-planes  "  are  vertical  in  the  symmetrical  folds,  and  gradually 
incline  towards  the  more  plicated  ground  at  lessening  angles.^ 

Fractures  not  infrequently  occur  along  the  axes  of  unsymmetrical 
and  inverted  flexures,  the  strata  having  snapped  under  the  great 
tension,  and  one  side  (in  the  case  of  inverted  flexures,  usually  the 
upper  side)  having  been  pushed  over  the  other,  sometimes  with  a 
vertical  displacement  of  several  thousand  feet,  or  a  horizontal  thrust  of 
several  miles.  It  is  along  or  parallel  to  the  axes  of  plication,  and 
therefore  coincident  with  the  general  strike,  that  the  great  faults  of  a 
plicated  region  occur.  As  a  rule,  dislocations  are  more  easily  traced 
among  low  grounds  than  among  the  mountains.  One  of  the  most 
remarkable  and  important  faults  in  Europe,  for  example,  is  that  which 
bounds  the  southern  edge  of  the  Belgian  coal-field  (p.  744).  It  can  be 
traced  across  Belgium,  has  been  detected  in  the  Boulonnais,  and  may 
not  improbably  run  beneath  the  Secondary  and  Tertiary  rocks  of  the 
south  of  England.  The  extraordinary  thrust-planes  of  the  north- 
west of  Scotland  (p.  676)  are  notable  examples  of  gigantic  horizontal 
displacement.  It  is  a  remarkable  fact  that  faults  which  have  a  vertical 
throw  of  many  thousands  of  feet  may  produce  little  or  no  effect  upon  the 
surface.  The  great  Belgian  fault  is  crossed  by  the  valleys  of  the  Meuse 
and  other  northerly  flowing  streams,  yet  so  indistinctly  is  it  marked 
in  the  Meuse  valley  that  no  one  would  suspect  its  existence  from  any 
peculiarity  in  the  general  form  of  the  ground,  and  even  an  experienced 
geologist,  until  he  had  learned  the  structure  of  the  district,  would 
scarcely  detect  any  fault  at  all.  The  Scottish  thrust-planes  are  eroded 
like  ordinary  junction-planes  between  strata,  and  produce  no  more  effect 
than  these  do  on  the  topography. 

(e)  Alpine  Type  of  Mountain  Structure. — It  is  along  a  great  mountain- 
chain  like  the  Alps  that  the  most  colossal  crumplings  of  the  terrestrial 
crust  are  to  be  seen.  In  approaching  such  a  chain,  one  or  more  minor 
ridges  may  be  observed  running  on  the  whole  parallel  with  it,  as  the 
heights  of  the  Jura  flank  the  north  side  of  the  Alps,  and  the  sub- 
Himalayan  hills  follow  the  southern  base  of  the  Himalayas.  On  the 
outer  side  of  these  ridges,  the  strata  may  be  flat  or  gently  inclined.     At 

>  H.  D.  Rogers,  Trans.  Boy.  Soc.  Edin.  xxi.  p.  434. 
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lirst  they  "andulate  in  Lroad  gentle  foldb;  but  traced  towards  the 
inutintaiiis  these  folds  become  sharper  and  closer,  their  shorter  sides 
frtinting  the  plains,  their  longer  slopes  dipjdng  in  the  opposite  direction. 
This  inward  dip  is  often  traceable  aloiiir  the  flanks  of  the  main  chain  of 
mountains,  yuunger  rc<ks  seeming  to  underlie  otliern  of  mucli  older  date. 
Along  the  north  front  of  the  Alps,  for  instanc*.-,  the  red  molasse  is  over- 
laid by  Eocene  and  older  formations.  The  inversions  increase  in 
magnitude  till  they  reach  such  colossal  dimensions  as  the  double  fold 
of  the  Olamisch,  where  Triassic,  Jurassic,  and  Cretaceous  rocks  have 
l»een  thrc»wn  over  al^jve  the  Eocene  Hvsdi  and  nummulitic  limestone 
Tp.  "i<»:i  I.  In  such  vast  crumplings  it  may  happen  that  ];K)rtions  of  older 
strata  are  caught  in  the  fc'lds  of  later  formations,  and  some  care 
may  l:»e  required  to  dis».riiuinate  the  enclosure  from  the  rocks  of  which 
it  ajipcars  to  form  an  integral  and  f»riginal  ]«art.  Sume  of  the  recorded 
examples  of  fiissils  of  an  older  zone  tK.-curring  ty  themi>elves  in  a  much 
younger  gr«.»up  of  plicate*!  rr»cks  may  l»e  thus  accounted  for. 

The  inward  dip  and  consequent  inversion  traceable  t-oward.s  th«j 
c^'ntr*?  of  a  mountnin  chain  load  up  to  the  fan-shai»ed  structure  ( ]».  •"•04  », 
where  the  oMtst  r-tcks  nf  a  scries  occupy  the  ceiitre  and  overlie  young»'r 
masses  whi'h  plunge  steeply  under  them.  Classical  examides  of  this 
structure  oicur  in  the  Alps  <  Mont  Blanc,  .St.  Gr»thard  ■,  where  crystal- 
line ruck^  such  as  granit*-.  gneiss^.,  and  s<"]iist.  the  oldest  mas^^es  '.'f  th*' 
chain,  have  V.-en  ridged  up  into  the  central  and  liighest  peaks.  -Vlong 
these  tracts,  denudation  hii-s  T»ecn  of  ojurse  enormous,  for  the  ap^Kjarau'-e 
of  the  granitii-  rr-  ks  at  the  surface  has  lK.-on  brought  ali^^ut,  nr»t  neces- 
sarily by  actual  extrusion  int'''  the  air,  but  iiK>re  j»r«>l»ably  by  prolonged 
ercision,  which  in  these  higher  re  gions,  wl^ere  many  forms  of  sul>aerial 
waste  reach  their  m*  »rt  vi^orcnis  phase,  has  rem^.'ved  the  vast  overarching 
cover  of  y«:»unger  r<:»cks  under  which  the  cr^'stalline  nucleus  doubtle^f? 
lav  buried. 

With  the  CTumjJin;^  and  fra-.ture  of  r-xk^  in  mountain -making,  the 
hot  springs  mus't  be  conneK.-ted,  which  so  frequently  arise  along  the 
flanks  of  a  mountain  chain.  A  further  relati-n  is  to  l>e  traced  l»etween 
these  movements  and  the  o}»ening  of  volcanic-  vents  either  along  the 
chain  or  parallel  tri  it,  as  in  the  Andes  and  c»ther  y»roniincnt  ridges  (T 
the  crust.  Elevation,  by  diminishing  the  pressure  on  the  ]>Rrts  lK*neath 
the  upraised  tracts,  may  permit  them  to  ussuiue  a  liquid  conditi-.'n  and 
to  rise  within  reach  r»f  the  surface,  whvn.  driven  ujiwards  by  the 
expansion  of  superheated  vapc»urs,  they  are  ejected  in  the  f:«rm  of  lava 
or  ashes.  Mr.  Fisher  BujJi'Oses  that  the  lower  half  ^f  the  dL»u}»le  T'ulgL- 
of  the  crust  in  a  mountain,  by  T»ting  depressed  intu  a  lower  rc'gion.  may 
1)0  melted  offi  giving  rise  to  siliceous  lavas  which  rise  l»efort  the  deeper 
basaltic  magma  hegins  to  be  erupted. 

A  motrntain-dhain  may  be  the  result  of  one  movement,  but  probably 
In  most  cases  is  due  to  a  long  succession  f>f  s-uch  movements.  Formed 
on  a  lino  of  weakness  in  the  crust,  it  has  again  and  ngain  given  relief 
from  the  strain  of  compression  by  undergoing   frt-sh    crumpling  and 
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upheaval.  The  successive  stages  of  uplift  are  usually  not  difiScult  to 
trace.  The  chief  guide  is  supplied  by  unconformability  (p.  591).  Let 
us  suppose,  for  example,  that  a  mountain  range  (Fig.  438)  conBists  of 
upraised  Lower  Silurian  rocks  (a),  upon  the  upturned  and  denuded 
edges  of  which  the  Carboniferous  Limestone  (6  6)  lies  transgi-essively. 
The  original  upheaval  of  that  range  must  have  taken  place  between  the 
Lower  Silurian  and  the  Carboniferous  Limestone  periods.  If,  in  follow- 
ing the  range  along  its  course,  we  found  the  Carboniferous  Limestone  also 
highly  inclined  and  covered  unconformably  by  the  Upper  Coal-measures 
(c  c),  we  should  know  that  a  second  uplift  of  that  portion  of  the  ground 
had  taken  place  between  the  time  of  the  Limestone  and  that  of  the 
Upper  Coal-measures.  Moreover,  as  the  Coal-measures  were  laid  down 
at  or  below  the  sea-level,  a  third  uplift  has  subsequently  occurred 
whereby  they  were  raised  into  dry  land.  By  this  simple  and  obvious 
kind  of  evidence,  the  relative  ages  of  different  mountain  chains  may  be 
compared.  In  most  great  mountain  chains,  however,  the  rocks  have 
been  so  intensely  crumpled,  and  even  inverted,  that  much  labour 
may  be  required  before  their  true  relations  can  be  determined. 

The  Aljis  offer  an  instructive  example  of  a  great  mountain  system 
formed  by  repeated  movements  during  a  long  succession  of  geological 
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Fig.  438.— SectloB  showiDg  two  periods  of  Upheaval. 

periods.  The  central  portions  of  the  chain  consist  of  gneiss,  schists, 
granite,  and  other  crystalline  rocks,  partly  referable  to  the  Archaean 
series,  but  some  of  which  are  metamorphosed  Palaeozoic,  Secondary,  and 
even  older  Tertiary  deposits  (p.  571).  It  would  appear  that  the  first 
outlines  of  the  Alps  were  traced  out  even  in  Archaean  times,  and  that 
after  submergence,  and  the  deposit  of  Palteozoic  formations  along  their 
flanks,  if  not  over  most  of  their  site,  they  were  re-elevated  into  land. 
From  the  relations  of  the  Mesozoic  rocks  to  each  other,  we  may  infer 
that  several  renewed  uplifts,  after  successive  denudations,  took  place 
before  the  beginning  of  Tertiary  times ;  but  without  any  general  and 
extensive  plication.  A  large  part  of  the  range  was  certainly  submerged 
during  the  Eocene  period  under  the  waters  of  that  wide  sea  which 
spread  across  the  centre  of  the  Old  World,  and  in  which  the  nummulitic 
limestone  and  flysch  were  deposited.  But  after  that  period  the  grand 
upheaval  took  place  to  which  the  present  magnitude  of  the  mountains  is 
chiefly  due.  The  older  Tertiary  rocks,  previously  horizontal  under  the 
sea,  were  raised  up  into  mountain-ridges  more  than  11,000  feet  above 
the  sea-level,  and,  together  with  the  older  formations  of  the  chain,  were 
crumpled,  dislocated,  and  inverted.  So  intense  was  the  compression 
and  shearing  to  which  clays  and  sands  were  subjected,  that  they  were 
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converted  into  hard  crystallino  rocks.  It  is  strange  to  reflect  that  the 
enduring  materials  out  of  which  so  many  of  the  mountains,  cliffs,  and 
pinnacles  of  the  Alps  have  been  formed  are  of  no  higher  geological 
antiquity  than  the  London  Clay  and  other  soft  Eocene  deposits  of  the 
south  of  England  and  the  north  of  Franco  and  Belgium.  At  a  later 
stage  of  Tertiary  time,  renewed  disturbance  led  to  the  destniction  of 
the  lakes  in  which  the  molasse  had  accumulated,  and  their  thick  sedi- 
ments were  thrust  up  into  large  broken  mountain  masses,  such  as  the 
Eigi,  Bossberg,  and  other  prominent  heights  along  the  northern  flank 
of  the  Alps.  Since  that  great  movement,  no  paroxysm  seems  to  have 
affected  the  Alpine  region  except  the  earthquakes,  which  from  time  to 
time  show  the  process  of  mountain-making  to  be  only  suspended  or  still 
slowly  in  progress. 

The  gradual  evolution  of  a  continent  during  a  long  succession  of 
geological  periods  has  been  admirably  worked  out  for  North  America  by 
Dana,  Dawson,  Dutton,  Gilbert,  Hayden,  King,  Newberry,  Powell,  and 
others.  The  general  character  of  the  structure  is  extreme  simplicity,  as 
compared  with  that  of  the  Old  World.  In  the  Rocky  Mountain  region, 
for  example,  while  the  Palaeozoic  formations  lie  unconformably  upon 
the  Archsean  gneiss,  there  is,  according  to  King,  a  regular  conformable 
sequence  from  the  lowest  Palaeozoic  to  the  Jurassic  rocks.  During  the 
enormous  interval  of  time  represented  by  these  massive  formations,  what 
is  now  the  axis  of  the  continent  remained  undisturbed  save  by  a  gentle 
and  protracted  subsidence.  In  the  great  depression  thus  produced,  all 
the  Palasozoic  and  a  great  part  of  the  Mesozoic  rocks  were  accumulated. 
At  the  close  of  the  Jurassic  period,  the  first  great  upheavals  took  place. 
Two  lofty  ranges  of  mountains — the  Sierra  Nevada  (now  with  summits 
more  than  14,000  feet  high)  and  the  Wahsatch — 400  miles  apart,  were 
pushed  up  from  the  great  subsiding  area.  These  movements  were 
followed  by  a  prolonged  subsidence,  during  which  Cretaceous  sediments 
accumulated  over  the  Rocky  Mountain  region  to  a  depth  of  9000  feet  or 
more,  llien  came  another  vast  uplift,  whereby  the  Cretaceous  sediments 
were  elevated  into  the  crests  of  the  mountains,  and  a  parallel  ooast- 
range  was  formed  fronting  the  Pacific  Intense  metamorphism  of  the 
Cretaceous  rocks  is  stated  to  have  taken  place.  The  Eocky  Mountains, 
with  the  elevated  table-land  from  which  they  rise,  now  permanently 
raised  above  the  sea,  were  gradually  elevated  to  their  present  height. 
Vast  lakes  existed  among  them,  in  which,  as  in  the  Tertiary  basins  of 
the  Alps,  enormous  masses  of  sediment  accumulated.  The  slopes  of  the 
land  were  clothed  with  an  abundant  vegetation,  in  which  we  may  trace 
the  ancestors  of  many  of  the  living  trees  of  North  America.  One  of  the 
most  striking  features  in  the  later  phases  of  this  history  was  the  out- 
pouring of  great  floods  of  trachyte,  basalt,  and  other  lavas  from  many 
points  and  fissures  over  a  vast  space  of  the  Rocky  Mountains  and  the 
tracts  lying  to  the  west.  In  the  Snake  River  region  alone  the  basalts 
have  a  depth  of  700  to  1000  feet,  over  an  area  300  miles  in  breadth. 

These  examples  show  that  the  elevation  of  mountains,  like  that  of 
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continentB,  has  been  occasional,  and  perhaps  sometimeB  paroxysmal. 
Long  intervals  elapsed,  when  a  slow  subsidence  took  place,  but  at  Jaat 
a  point  was  reached  when  the  descending  crust,  unable  any  longer  to 
withstand  the  accumulated  lateral  pressure,  was  forced  to  find  relief  by 
rising  into  mountain  ridges.  With  this  effort  the  eleyatory  movementB 
ceased.  They  were  followed  either  by  a  stationary  period,  orl^more 
usually  by  a  renewal  of'  the  gradual  depression,  until  eyentuall5lj|^lief 
was  again  obtained  by  upheaval,  sometimes  along  new  lines,  but  often 
on  those  which  had  previously  been  used.  The  intricate  orumpHng  and 
gigantic  inversions  of  a  great  mountain  chain  naturally  suggest  that  the 
movements  which  caused  these  disturbances  of  the  strata  were  sudden 
and  violent.  And  this  inference  may  often,  if  not  generally,  be  correct. 
It  is  not  so  easy,  however,  to  demonstrate  that  a  disturbance  was  rapid 
as  to  prove  that  it  must  have  been  slow.  That  some  uplifts  resulting 
in  the  rise  of  important  mountain  ranges  have  been  almost  insensibly 
brought  about,  can  be  shown  from  the  operation  of  rivers  in  the  regions 
affected.  Thus  the  rise  of  the  Uinta  Mountains  has  been  so  quiet,  that 
the  Green  Biver,  which  flowed  across  the  site  of  the  range,  has  not  been 
deflected,  but  has  actually  been  able  to  deepen  its  caiion  as  fast  as  the 
mountains  have  been  pushed  upward.^  The  Pliocene  accumulations 
along  the  southern  flanks  of  the  Himalayas  show  that  the  rivers  still 
run  in  the  same  lines  as  they  occupied  before  the  last  gigantic  upheaval 
of  the  chain  (p.  884).^  A  similar  conclusion  has  been  drawn  from  the 
river-valleys  in  the  Elburz  Mountains,  Persia.^ 

2.  Terrestrial  Features  due  to  Volcanic  Action. — 
The  two  types  of  volcanic  eruptions  described  in  Book  III.  Part  I.  give 
rise  to  two  very  distinct  types  of  scenery.  The  ordinary  volcanic  vent 
leads  to  the  piling  up  of  a  conical  mass  of  erupted  materials  round  the 
orifice.  In  its  simplest  form,  the  cone  is  of  small  size,  and  has  been 
formed  by  the  discharges  from  a  single  funnel,  like  many  of  the  tuff  and 
cinder-cones  of  Auvergne,  the  Eifel,  and  the  Bay  of  Naples.  Every 
degree  of  divergence  from  this  simplicity  may  be  traced,  however,  till 
we  reach  a  colossal  mountain  like  Etna,  wherein,  though  the  conical 
form  is  still  retained,  eruptions  have  proceeded  from  so  many  lateral 
vents  that  the  main  cone  is  loaded  with  minor  volcanic  hills.  Denuda- 
tion as  well  as  explosion  comes  into  play  ;  deep  and  wide  valleys,  worn 
down  the  slopes,  serve  as  channels  for  successive  floods  of  lava  or  of 
water  and  volcanic  mud.  On  the  other  hand,  the  type  of  fissure- 
eruption  in  which  the  lava,  instead  of  issuing  from  a  central  vent,  has 
welled  out  from  minor  vents  along  the  lines  of  many  parallel  or  connected 
fissures,  leads  to  the  formation  of  wide  lava-plains  composed  of  succes- 

^  PowoU'b  **  Geology  of  the  Uinta  Mountains,"  in  the  Reports  of  U.S.  Geographical 
and  Geological  Survey^  Jiocky  Mountain  Region,  1876.  The  same  conclusion  is  drawn 
by  Gilbert  from  the  structure  of  the  Wahsatch  Mountains.  See  his  admirable  easay  on 
''  Land  Bculpture,"  in  his  "  Geology  of  the  Henry  Mountains,"  published  in  same  scries 
of  Reports,  1877. 

«  Medlicott  and  Blanford,  'Geology  of  India.'  p.  570, 

'  E.  Tietzc,. raAr6.  Geol,  Ikichsanet  xxviii.  (1878)  p.  581. 
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sive  level  sheets  of  lava.  By  subsequent  denudation,  these  plains  are 
trenched  by  valleys,  and,  along  their  margin,  are  cut  into  escarpments 
with  isolated  blocks  or  outliers.  Thus  they  become  great  plateaux  or 
table-lands  like  those  of  north-west  Europe,  the  Deccan  and  Abyssinia 
(pp.  241,  561). 

The  forms  assumed  by  volcanic  masses  of  older  Tertiary  and  still 
eai4iir  geological  date  are  in  the  main  due  not  to  their  original  contours, 
but  to  denudation.  The  rocks,  being  commonly  harder  than  those  among 
which  they  lie,  stand  out  prominently,  and  often,  in  course  of  time  and 
in  virtue  of  their  mode  of  weathering,  assume  a  conical  form,  which, 
however,  has  obviously  no  relation  to  that  of  the  original  volcano. 
Eminences  formed  after  the  type  of  the  Henry  Mountains  (p.  633)  owe 
their  dome-shape  to  the  subterranean  effusion  of  erupted  lava,  but  the 
superficial  irregularities  of  contour  in  the  domes  must  be  ascribed  to 
denudation. 

3.  Terrestrial  Features  due  to  Denudation. — The 
general  results  of  denudation  have  been  discussed  in  Book  III.  Part  II. 
Sect.  ii.  Every  portion  of  the  land,  as  soon  as  it  rises  above  the  sea- 
level,  is  attacked  by  denuding  agents.  Hence  the  older  a  terrestrial 
surface,  the  more  may  it  be  expected  to  show  the  results  of  the  operation 
of  these  agents.  We  have  already  seen  how  comparatively  rapid  are  the 
processes  of  subaerial  waste  (p.  431).  It  is  accordingly  evident  that 
the  present  contours  of  the  land  cannot  be  expected  to  reveal  any  trace 
whatever  of  the  early  terrestrial  surfaces  of  the  globe.  The  most  recent 
mountain-chains  and  volcanoes  may,  indeed,  retain  more  or  less  markedly 
their  original  superficial  outlines;  but  these  must  be  more  and  more 
effaced  in  proportion  to  their  geological  antiquity. 

The  fundamental  law  in  the  erosion  of  the  terrestrial  surfaoes  is  that 
harder  rocks  resist  decay  more,  while  softer  rocks  resist  it  less.  The 
former  consequently  are  left  projecting,  while  the  latter  are  worn  down. 
The  terms  ''  hard  *'  and  '*  soft ''  are  used  here  in  the  sense  of  being  less 
easily  and  more  easily  abraded,  though  every  rock  suffers  in  some 
measure.  If,  therefore,  a  perfectly  level  surface,  composed  of  rocks 
exceedingly  unequal  in  power  of  resistance,  were  to  be  raised  above  the 
sea,  and  to  be  exposed  to  the  action  of  weathering,  it  would  eventually 
be  carved  into  a  system  of  ridges  and  valleys.  The  eminences  would  be 
mainly  determined  by  the  position  of  the  harder  rocks,  the  depressions 
by  the  site  of  the  softer.  Every  region  of  Mesozoic  or  Palteozoic  rocks 
affords  ample  illustration  of  this  Jesuit.  The  hills  and  prominent  ridges 
are  found  to  be  where  they  are,  not  because  they  have  been  specially 
upheaved,  but  because  they  are  composed  of  more  durable  materials,  or 
because,  by  the  disposition  of  the  original  drainage-lines,  they  have  been 
less  eroded  than  the  valleys. 

In  this  marvellous  process  of  land-sculpture,  we  have  to  consider,  on 
the  one  hand,  the  agents  and  combinations  of  agents  which  are  at  work, 
and  on  the  other,  the  varying  powers  of  resistance  arising  from  declivity, 
composition,  and  structure  of  the  materials  on  which  these  agents  act. 
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The  forces  or  conditions  required  in  denudation — air,  aridity,  rain, 
springs,  frost,  rivers,  glaciers,  the  sea,  plant  and  animal  life — ^have 
been  described  in  Book  III.  Part  II.  Every  country  and  climate  must 
obviously  have  its  own  combination  of  erosive  activities.  The  decay  of 
the  surface  in  Egypt  or  Arizona  arises  from  a  different  group  of  foroes 
from  that  which  can  be  seen  in  the  west  of  Europe  or  in  New  England. 

In  tracing  the  sculpture  of  the  land,  we  are  soon  led  to  perceive  the 
powerful  influence  of  the  angle  of  slope  of  the  ground  upon 
the  rate  of  erosion.  This  rate  decreases  as  the  angle  lessens,  till  on 
level  plains  it  reaches  its  minimum.  Other  things  being  equal,  a  steep 
mountain  ridge  will  be  more  deeply  eroded  than  one  of  the  same  eleva- 
tion which  rises  gradually  out  of  the  plains.  Hence  the  declivity  of  the 
ground,  at  its  first  elevation  into  land,  must  have  had  an  important 
bearing  upon  the  subsequent  erosion  of  the  slopes.  It  is  important  to 
observe  that  the  depressions  into  which  the  first  rain  gathered  on  the 
surface  of  the  newly  upraised  land  would,  in  most  cases,  become  the 
permanent  lines  of  drainage.  They  would  be  continually  deepened  as 
the  water  coursed  in  them,  so  that,  unless  where  subterranean  distur- 
bance came  into  play,  or  where  the  channels  were  obstructed  by  land- 
slips or  otherwise,  the  streams  would  be  unable  to  quit  the  channels 
they  had  once  chosen.  The  permanence  of  drainage-lines  is 
one  of  the  most  remarkable  features  in  the  geological  history  of  the 
continents.  The  main  valleys  of  a  country  are  usually  among  the  oldest 
parts  of  its  topography.  As  they  are  widened  and  deepened,  the  ground 
between  them  may  be  left  projecting  into  high  ridges  and  even 
prominent  isolated  liills. 

A  chief  element  in  the  progress  of  land-sculpture  is  geological 
s  t  r  u  c  t  u  r  e — the  character,  arrangement,  and  composition  of  the  rocks, 
and  the  manner  in  which  each  variety  yields  to  the  attacks  of  the  de- 
nuding agents.  Besides  the  general  relations  of  the  so-called  hard  rocks 
to  resulting  prominences,  and  of  soft  rocks  to  depressions,  the  broader 
geotectonic  characters  have  had  a  dominant  influence  upon  the  evolution 
of  terrestrial  contours.  As  illustrations  of  this  influence,  reference  may 
be  made  to  the  marked  difference  between  the  scenery  of  districts  com- 
posed of  stratified  sedimentary  rocks,  and  that  of  areas  of  massive 
eruptive  rocks,  such  as  granite.  In  the  former  case,  bedding  and  joints 
furnish  divisional  lines,  the  guiding  influence  of  which  upon  the  external 
forms  of  the  mountains  is  everywhere  traceable.  In  the  case  of  eruptive 
masses,  the  rock  is  split  open  along  joints  only,  which  mainly  determine 
the  shapes  of  crest,  cliff,  and  corry. 

Bedding  produces  a  distinct  type  of  scenery  which  can  be  traced 
from  the  sides  of  a  mere  brook  up  into  tall  sea-cliffs  or  into  lofty 
mountain-groups.  Moreover,  much  of  the  ultimate  character  of  the 
scenery  depends  upon  whether  the  strata  have  been  left  undisturbeil  ; 
for  the  position  of  the  bedding,  whether  flat,  inclined,  vertical,  or 
contorted,  largely  determines  the  nature  of  the  surface.  The  most 
characteristic  scenery  formed  by  stratified  rocks  is  undoubtedly  where 
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the  bedding  is  horizontal,  or  nearly  so,  and  the  strata  are  massiYC. 
A  mountain  constructed  of  such  materials  appears  as  a  colossal  pyramid, 
the  level  bars  of  stratification  looking  like  gigantic  courses  of  masonry. 
Joints  and  faults  traversing  the  bedding  allow  it  to  be  cleft  into  blocks 
and  deep  chasms  that  heighten  the  resemblance  to  ruined  architecture. 
Probably  the  most  marvellous  illustrations  of  these  results  are  to  be  found 
in  the  Western  Territories  of  the  United  States.  The  vast  table-lands  of 
the  River  Colorado,  in  particular,  offer  a  singularly  impressive  picture  of 
the  effects  of  mere  subaerial  erosion  on  undisturbed  and  nearly  level 
strata  (see  Frontispiece).  Systems  of  stream-courses  and  valleys,  river 
gorges,  unexampled  elsewhere  in  the  world  for  depth  and  length,  vast 
winding  lines  of  escarpment,  like  ranges  of  sea-cliffs,  terraced  slopes 
rising  from  plateau  to  plateau,  huge  buttresses  and  solitary  stacks 
standing  like  islands  out  of  the  plains,  great  mountain  masses  towering 
into  picturesque  peaks  and  pinnacles,  cleft  by  innumerable  gullies,  yet 
everywhere  marked  by  the  parallel  bars  of  the  horizontal  strata  out  of 
which  they  have  been  carved — tliese  are  the  orderly  symmetrical  cha- 
racteristics of  a  country  where  the  scenery  is  due  entirely  to  the  action 
of  subaerial  agents  and  the  varying  resistance  of  level  or  little  disturbed 
stmtified  rocks. 

On  the  other  hand,  where  stratified  rocks  have  been  subjected  to 
plications  and  fractures,  their  characteristic  features  may  be  gradually 
almost  lost  among  those  of  the  crystalline  masses  which  under  these 
circumstances  are  so  often  found  to  have  been  forced  through  them. 
The  Alps  may  be  cited  as  a  well-known  example  of  this  kind  of  scenery. 
The  whole  geological  aspect  of  these  mountains  is  suggestive  of  former 
intense  commotion.  Yet  on  every  side  are  to  be  seen  proofs  of  the  most 
enormous  denudation.  Twisted  and  crumpled,  the  solid  sheets  of  lime- 
stone may  be  seen  as  it  were  to  writhe  from  the  base  to  the  summit  of 
a  mountain,  yet  they  present  everywhere  their  truncated  ends  to  the  air, 
and  from  these  ends  it  is  easy  to  see  that  a  vast  amount  of  material  has 
been  worn  away.  Apart  altogether  from  what  may  have  been  the  shape 
of  the  ground  immediately  after  the  upheaval  of  the  chain,  there  is 
evidence  on  every  side  of  gigantic  denudation.  The  subaeiial  forces 
that  have  been  at  work  upon  the  Alpine  surface  ever  since  it  first  ap- 
peared have  dug  out  the  valleys,  sometimes  acting  in  original  de- 
pressions, sometimes  eroding  hollows  down  the  slopes.  Moreover  they 
have  planed  down  the  flexures,  excavated  lake-basins,  scarped  the  moun- 
tain sides  into  cliff  and  ctrquCy  notched  and  furrowed  the  ridges, 
splintered  the  crests  into  chasm  and  aiguille,  until  no  part  of  the  original 
surface  now  remains  in  sight.  And  thus  the  Alps  remain  a  marvellous 
monument  of  stupendous  eartli-throes,  followed  by  a  prolonged  and 
gigantic  denudation. 

In  massive  rocks,  the  structure-lines  are  those  of  joints  alone,  and 
according  to  the  direction  of  the  intersecting  joints  the  trend  and  shape 
of  tlie  ridges  are  determined.  The  importance  of  rock-joints,  not  only  in 
details  of  scenery,  but  even  in  some  of  the  main  features  of  the  mountain 
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outlines  of  massive  rocks,  is  hardly  at  fii*st  credible.  It  is  along  these 
divisional  lines  that  the  rain  has  filtered,  and  the  springs  have  risen, 
and  the  frost  wedges  have  been  driven.  On  the  bare  scarps  of  a  high 
mountain,  where  the  inner  structure  of  the  mass  is  laid  open,  the 
system  of  joints  is  seen  to  have  determined  the  lines  of  crest,  the  vertical 
walls  of  oliflf  and  precipice,  the  forms  of  buttress  and  recess,  the  i)osition 
of  cleft  and  chasm,  the  outline  of  spire  and  pinnacle.  On  the  lower 
slopes,  even  under  the  tapestry  of  verdure  which  nature  delights  to  hang 
where  she  can  over  her  naked  rocks,  we  may  detect  the  same  pervading 
influence  of  the  joints  upon  the  forms  assumed  by  ravines  and  crags. 
Each  kind  of  eruptive  rock  has  its  own  system  of  joints,  and  these  in 
large  measure  determine  its  characteristic  type  of  scenery. 

A  few  of  the  more  important  features  of  the  land  may  be  briefly 
noticed  here  in  their  relation  to  this  branch  of  geology.  In  the  physio- 
graphy of  any  region,  mountains  are  the  dominant  features  (p.  38). 
A  true  mountain  chain  consists  of  rocks  that  have  been  crumpled  and 
pushed  up  in  the  manner  already  described.  But  ranges  of  h  i  1 1  s,  almost 
mountainous  in  their  bulk,  may  be  formed  by  the  gradual  erosion  ol 
valleys  out  of  a  mass  of  original  high  ground.  In  this  way,  some  ancient 
table-lands  have  been  so  channelled  that  they  now  consist  of  massive 
rugged  hills,  either  isolated  or  connected  along  the  flanks.  Eminences 
detached  by  erosion  from  the  masses  of  rock  whereof  they  once  formed 
a  part,  have  been  termed  hills  of  circumdenudation.  Their  isolation  may 
either  be  due  to  the  action  of  streams  working  round  them,  apart  alto- 
gether from  geological  structure,  or  to  their  more  resisting  constitution, 
which  has  enabled  them  to  remain  prominent  during  the  general  degra- 
dation of  the  whole  surface. 

Table-lands  (p. 41)  may  sometimes  arise  from  the  abrasion  of 
hard  rocks  and  the  production  of  a  level  plain  by  the  action  of  the  sea, 
or  rather  of  that  action  combined  with  the  previous  degradation  of  the 
land  by  subaerial  waste  (p.  434).  Such  a  form  of  surface  may  be  termed 
a  table-land  of  erosion.  Notable  examples  are  to  be  seen  in  the  exten- 
sive "  f jelds "  or  elevated  plateaux  of  Scandinavia,  many  of  which, 
rising  above  the  snow-line,  form  the  gathering-ground  for  glaciers  that 
descend  almost  to  the  sea-level.  Fragments  of  a  similar  table-land 
may  be  recognised  among  the  Grampian  Mountains  of  Scotland.  But 
most  of  the  great  table-lands  of  the  globe  seem  to  be  platforms  of  little 
disturbed  strata,  either  sedimentary  or  volcanic,  which  have  been 
upraised  bodily  to  a  considerable  elevation.  These  may  be  termed 
table-lands  of  deposit.  But,  whatsoever  its  mode  of  origin,  the  plateau 
undergoes  a  gradual  transformation  under  continued  denudation.  No 
sooner  are  the  rocks  raised  above  the  sea,  than  they  are  attacked  by 
running  water,  and  begin  to  be  hollowed  out  into  systems  of  valleys. 
As  the  valleys  sink,  the  platforms  between  them  grow  into  narrower 
and  more  definite  ridges,  until  eventually  the  level  table-land  is  converted 
into  a  complicated  network  of  hills  and  valleys,  wherein,  nevertheless, 
the  key  to  the  whole  arrangement  is  furnished  by  a  knowledge  of  the 
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disposition  and  eflfects  of  the  flow  of  water.  The  examples  of  this  process 
brought  to  light  in  Colorado,  Wyoming,  Nevada,  and  the  other  Western 
Territories,  by  Newberry,  King,  Haydou,  Powell,  Gilbert,  Button,  and 
other  explorers,  are  among  the  most  striking  monuments  of  geological 
operations  in  the  world.  The  erosion  of  the  ancient  table-lands  of 
Scandinavia  and  Scotland,  and  their  conversion  into  systems  of  hilly 
ridges  and  valleys,  convey  less  impressive  but  still  instructive  evidence 
of  the  efficacy  of  subaerial  waste. 

Watersheds  are  of  course  at  first  determined  by  the  form  of 
the  earliest  terrestrial  surface.  But  they  are  less  permanent  than  the 
watercourses  that  diverge  from  them.  Where  a  watershed  lies  sym- 
metrically along  the  centre  of  a  country  or  continent,  with  an  equal 
declivity  and  rainfall  on  either  side,  and  an  identity  of  geological 
structure,  it  will  be  i^ermanent,  because  the  erosion  on  each  slope  proceeds 
at  the  same  rate.  But  such  a  combination  of  circumstances  can  happen 
rarely,  save  on  a  small  and  local  scale.  As  a  rule,  watersheds  lie  on 
one  side  of  the  centre  of  a  country  or  continent,  and  the  declivity  is 
steeper  on  the  side  nearest  the  sea.  Ilcnce,  apart  from  any  influence 
from  difference  of  geological  structure,  the  tendency  of  erosion,  by 
wearing  the  steep  slope  more  than  the  gentle  one,  is  to  carry  the 
watershed  backward  nearer  to  the  true  centre  of  the  region,  especially 
at  the  heads  of  valleys.  Of  course  this  is  an  extremely  slow  process ; 
but  it  must  be  admitted  to  be  one  of  real  efficacy  in  the  vast  periods 
during  which  denudation  has  continued.  Excellent  illustrations  of 
its  progress,  as  well  as  of  many  other  features  of  land-sculpture,  may 
often  be  instructively  studied  on  clay-banks  exposed  to  the  influence 
of  rain.^ 

The  crests  of  mountains  are  watersheds  of  the  sharpest  type,  where 
erosion  has  worked  backward  upon  a  steep  slope  on  either  side.  Their 
forms  are  mainly  dej^endent  upon  structure,  and  especially  upon  systems 
of  joints.  It  will  often  be  observed  that  the  general  trend  of  a  crest 
coincides  with  that  of  one  set  of  joints,  and  that  the  bastions,  recesses, 
and  peaks  have  been  determined  .by  the  intersection  of  another  set.  If 
the  rock  is  uniform  in  structure,  and  the  declivity  equal  in  angle  on 
either  side,  a  crest  may  retain  its  position ;  but  as  one  side  is  usually 
considerably  steeper  than  the  other,  the  crest  advances  at  the  expense  of 
the  top  of  the  gentler  declivity.  But,  under  any  circumstances,  it  is 
continually  lowered  in  level,  for  it  may  be  regarded  as  the  part  of  a 
mountain  where  the  rate  of  subaerial  denudation  reaches  a  maximum. 
An  ordinarj'^  cliff  is  attacked  only  in  front,  but  a  crest  has  two  fronts, 
and  is  further  splintered  along  its  summit.  Nowhere  can  the  guiding 
influence  of  geological  structure  be  more  conspicuously  seen  than  in  the 
array  of  spires,  buttresses,  gullies,  and  other  striking  outlines  which  a 
mountain  crest  assumes. 

Valleys  are  mainly  due  to  erosion,  guided  either  by  original  de- 

*  Sco  on  tliis  subject  Mr.  Gilbert's  suggestive  remarks  in  the  Essay  on  *Land 
Sculpture '  already  cited  Qp.  %Z\\ 
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pressions  of  the  ground,  or  by  geological  structure,  or  by  both.^  Their 
contours  depend  partly  on  the  structure  and  composition  of  the  rocks, 
and  partly  on  the  relative  potency  of  the  diflferent  denuding  agents.  . 
Where  the  influence  of  air,  rain,  frost  and  general  subaerial  weathering 
has  been  slight,  and  the  streams,  supplied  from  distant  sources,  have  had 
sufficient  declivity,  deep,  narrow,  precipitous  ravines  or  gorges  have 
been  excavated.  The  caiions  of  the  Colorado  are  a  magnificent  example 
of  this  result  (Fig.  439).  Where,  on  the  other  hand,  ordinary  atmo« 
spheric  action  has  been  more  rapid,  the  sides  of  the  river  channels  have 
been  attacked,  and  open  sloping  glens  and  valleys  have  been  hollowed 
out.  A  gorge  or  defile  is  usually  due  to  the  action  of  a  waterfall,  which, 
beginning  with  some  abnipt  declivity  or  precipice  in  the  course  of  the 
river  when  it  first  commenced  to  flow,  or  caused  by  some  hard  rock 
crossing  the  channel,  has  eaten  its  way  backward,  as  already  explained 
(p.  362). 

A  pass  is  a  portion  of  a  watershed  which  has  been  cut  down  by 
the  erosion  of  two  valleys,  the  heads  of  which  adjoin  on  opposite  sides 
of  a  ridge.  Each  valley  is  cut  backward  until  the  intervening  ridge  is 
demolished.  Most  passes  no  doubt  lie  in  original  but  subsequently 
deepened  depressions  between  adjoiniug  mountains.  The  continued 
degradation  of  a  crest  may  obviously  give  rise  to  a  pass. 

Lakes  may  have  been  formed  in  several  ways.     1.  By  subterranean 

movements,  as,   for    example,  in  mountain-making  and    in  volcanic 

explosions.     The  subsidence  of  the  central  part  of  a  mountain  system 

might  conceivably  depress  the  heads  of  the  valleys  below  the  level 

of  portions  farther  from  the  sources  of  the  stream.     Or  the  elevation 

of   the    lower    parts    of   the    valleys    might   cause   an    accumulation 

of   water    in    their    upper    parts.      Or    each    lake-basin    might    be 

supposed    to  be  due    to    a   special    subsidence.      But    these    hollows, 

unless  continually  deepened  by  subsequent  movements  of  a  similar 

nature,  would  be  filled  up  by  the  sediment  continually  washed  into 

them    from    the    adjoining  slopes.     The  numerous  lakes  in  such  a 

mountain  system  as  the  A]x>s  cannot  be  due  merely  to  subterranean 

movements,  unless  we  suppose  the  upheaval  of  the  mountains  to  have 

been  quite  recent,  or  that  subsidence  must  take  place  continuously 

or  periodically  below  each  independent  basin.     But  there  is  evidence 

that  the  Alpine  uplift  is  not  of  such  recent  date,  while  the  idea  of 

perpetuating  lakes  by  continued  local  subsidence  would  demand,  not 

in.  the  Alps  merely,  but  all  over  the  northern  hemisphere,  where 

lakes  are  so  abundant,  an  amount  of  subterranean  movement  of  which, 

if  it  really  existed,  there  would  assuredly  be  plenty  of  other  evidence. 

2.  By  irregularities    in   the  deposition    of   supei^cial  accumulations 

jnoT  to  the  elevation  of  the  land,  or,  in  the  northern  parts  of  Europe 

1  The  atadent  should  rc&d  the  BuggcBtivo  essay  by  tho  late  J.  B.  Jukes  {Quart 
wm.  OtoL  8oe,  xviil  (1862),  p.  878),  which  was  tho  fi»t  attempt  to  work  out  the 
iMj  of  tho  excavatioQ  of  a  valley  system  in  reference  to  the  geological  history  of 
I  ^loiiad* 
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and  America,  during  the  disappearanoe  of  the  iee-eheet.  The 
tarns  and  lakes  enolosed  withm  mounds  and  ridges  of  drift-cl»7  and 
gravel  are  examples.  3.  By  the  aoonmulation  of  a  barrier  menm  ilM 
channel  of  a  stream  and  the  consequent  ponding  back  of  the  iratar. 
This  may  be  done,  for  instance,  by  a  landslip,  by  a  lavft-etieain,  by  the 
advance  of  a  glacier  across  a  valley,  or  by  the  throwing  up  of  a  buk 
by  the  sea  across  the  mouth  of  a  river.  4.  By  erosion.  Water  keqibg 
stones  in  gyration  can  dig  out  pot-holes  in  the  bed  of  a  river,  or  on  the 
sea-shore.  Unequal  subaerial  weathering  may  cause  rooks  to  rot  modi 
more  deeply  in  some  places  than  in  others,  so  that,  on  the  removal  of 
the  rotted  material,  the  surface  of  the  solid  rook  might  be  full  of 
depressions.  But  the  only  known  agent  capable  of  excavating  sach 
hollows  as  might  form  rock-basin  lakes  is  glacier-ice  (p.  400).  It  is  a 
remarkable  fact,  of  which  the  significance  may  now  be  seen,  that  tho 
innumerable  lake-basins  of  the  northern  hemisphere  lie  on  snrfiMXS 
of  intensely  ice-worn  rock.  The  striie  can  be  seen  on  the  smoothed 
rock-surfaces  slipping  into  the  water  on  all  sides.  These  striie  were 
produced  by  ice  moving  over  the  rock.  If  the  ice  could,  as  the  stiiie 
prove,  descend  into  the  rock-basins  and  mount  up  the  &rther  side, 
smoothing  and  striating  the  rook  as  it  went,  it  could,  to  a  certain  depth 
at  least,  erode  basins. 

In  the  general  subaerial  denudation  of  a  country,  innnmerable  minor 
features  are  worked  out  as  the  structure  of  the  rocks  controls  the 
operations  of  the  eroding  agents.     Thus,  among  undisturbed  or  gently 
inclined  strata,  a  hard  bed  resting  upon  others  of  a  softer  kind  is  apt  to 
fonu  along  its  outcrop  a  line  of  cliff  or  escarpment.     Though  a 
long  range  of  such  cliffs  resembles  a  coast  that  has  been  worn  by  the 
sea,  it  may  be  entirely  duo  to  more  atmospheric  waste.     Again,  the 
more  roBisting  portions  of  a  rock  may  be  seen  projecting  as  crags  or 
kiiolb.     An  igneous  mass  will  stand  out  as  a  bold  hill  from  amidst  the 
more  decomposable  strata  through  which  it  has  risen.     These  featun-s, 
often  so  marked  on  tlie  lower  grounds,  attain  their  most   couspicuona 
development  among  the  higher  and  barer  parts  of  the  mountains,  where 
subaerial  disintegration   is  most  rapid.     The   torrents  tear  out  dwp 
gullies  from  the  sides  of  the  declivities.     Corries  or  cirques,  if 
not  originally  scooped   out  by  converging  streamlets  (their  inoile  of 
fomiatiun   is  a  somewhat  difficult  problem),  are  at  least  enlargeil  hy 
this  action,  and  their  naked  precipices  are  kept  bare  and  steep  l»y  the 
wedging  off  of  successive  slices  of  rock  along  lines  of  joint.     Hauler 
bands  of  rock  project  as  massive  ribs  down  the  slopes,  shoot  up  into 
prominent  peaks,  or,  with  the  combined  influence  of  joints  and  faults, 
give  to  the  summits  the  notched  saw-like  outlines  they  so  often  present. 
The  materials  worn  from  the  surface  of  the  higher  are  spread  out 
Ofver  the  lower  grounds.    We  have  already  traced   how   streams  at 
•  Mte  J^igjt^  to  drop  their  freight  of  sediment  when,  by  the  lesseuiug 
■  -^mgMibt  dsrifaity;  ihsjr  carrying  power  is  diminiBhcd  (pp.  354,  oC^d) 
.^^RPMPMN^Hi^'f^^  ^  earth's  surface  are  Auo   to  tUiA  deposit  of 
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gravrL  sni'L  -iiii  1'a\^. ■  Thev  ait  ctlti*  :iLviL:ini€z.r*  at  once  of  the 
desTm-rtive  *nd  reprGdnctfr.*  processes  whioii  IiaTe  heca  in  pT\>^re6» 
ucciEasixLgly  smce  the  first  Uni  r:-ee  acoT.*  the  sea  and  the  first  shower 
of  rain  felL  Every  p^c cle  ar:«i  particle  if  the  soil  of  the  plain*,  once 
a  r<'rtion  of  the  •ifstant  moTizitain&  ha«  tr^vvU'ril  sL.wlv  and  fi tfollv 
downwarL  Again  and  azain  have  these  ELircriAls  l?een  shifted,  ever 
moT:n^  seaward.  For  cenrraries.  perLiT-fS.  they  -hare  taken  their 
share  in  the  fertiiity  of  the  plains  and  hive  minister*:*]  to  the  nnrtnn* 
of  flower  and  tree,  of  the  tini  of  the  air.  the  bea*t  ^r-f  the  field,  and 
of  man  himself,  Ent  their  dentin v  is  s^ill  the  zr^MkZ  ccean.  In  that 
bourne  alone  can  they  find  nndisrcrre'i  rep-r-ee,  and  there,  slowly 
accacQnlating  in  massiTe  heis.  they  will  remain  mttil.  in  the  coarse 
of  age«v  renewed  vpheaTal  shall  raise  th^m  into  fnnire  land,  and 
thereby  enable  them  once  more  to  pass  thr?T2gh  a  similar  cycle  of 
change. 
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Africa,  estimated  mean  height  of,  37; 
coast-lino  of,  43;  volcanic  plateau  of, 
241 ;  active  volcanoes  of,  243 ;  diurnal 
range  of  temperature  in,  304;  sand- 
erosion  in,  305 ;  dust-cloud  from,  312  ; 
sand-riverd  of,  356 ;  Permian,  or  Trias 
of,  771 ;  Cretaceous,  837 

Agathaumas,  838 

Agaccy  844 

Age  as  a  bosi^i  of  the  classification  of 
rocks,  115 

Agglomerate  (volcanic),  166,  189 

Agglomerated  structure,  95 

AglaspiSy  658 

Agnostus,  646*,  649,  602 

Agriculture,  effects  of  on  drainage,  458 

Ahr  group,  702 

Aigues-mortes,  375 

Aiguilles,  937 

Air,  geological  functions  of  the.  301  ; 
Influence  of,  on  water,  313;  compres- 
sion and  expansion  of,  by  breakers, 
412 

Alactaga,  917 

Alaria,  794 

Alaska,  appearance  of  volcanic  ishmd  near, 
233 

AlbeHia,  759 

Albian  (Cretaceous),  821,  824,  830,  831, 
835,  836 

Albite,  69 

AlcephahiSj  885 

Alder,  fossil,  865,  870 

AlectOj  775 

AlethopterU,  725,  726*,  754,  772,  823 

Aleutian  Islands,  242 

AlgsB,  calcareous,  441,  446,  447,  448 

Algeria,  artesian  wells  in,  333;  geology 
of,  837 


decompo8iti< 
AUnnite,  2fl4 
Alhritata,  751 
Allothigone,  i;33 
Alluvial  aeriem  887 
AllaTium,  30S,  3G(J 
AJnat.  BOS,  863 

Alpine  typo  of  mounlnin-stniclurc,  'J'M 
AIpe,  bulk  of  the,  37 ;  plication  of,  292, 

390,' 391,  900;  crratioa  of,  335,'90«| 
907 ;  glacintioQ  of,  39G,  888. 90G ;  cffocts 
of  deturc«ting  of,  441 ;  inveited  rocks  of, 

,  Crystalline  BcbiBl8  0f,571, 041;  Bilu- 

riiin  rocks  of,  573,  C90 ;  DeTooian,  702 ; 
Carboniferous,  572,  745 ;  Permian,  755 ; 
Triassio,  760,  767 ;  Juraasic,  766,  805 ; 
Cretaccoofl.  836;  Eocene,  856;  Oglio- 
eene,  865;  Miocene,  872;  Plciatocene, 
906  ;  geneml  atructure  of,  030  ;  geologi- 
cal liiatory  of,  932,  937 

AliophsVa,  853 

Alteration  of  rocke  by  melcnric  water,  114, 
317 

Alum  at  Tolcnnic  venls,  184, 213,  217 

Alnm  Bay,  Eocene  planla  of,  852 

Alum-slate,  126,  135,  654,  059 

Alumina  in  tbo  otrtb's  eruat,  GO ;  iu  river  | 
wftlcT,  352 

Alreolina,  851  ' 

Alrrolilea,  677,  006,  721 

AmulUieai,  789, 700*,  791',  707* 

Amazon  river,  old  terraces  of,  369;  Bonwanl 
traiDBport  of  sediment  from,  370,  4 19 

Amber,  GOO 

Amber-beds  of  Konigibcrg,  8Ci 

Amblotkerimn,  785 

AinUyptenu,  754 

AmboHschia,  064,  607*,  670* 

Amcrioi,  Central,  volcanoea  of,  242 

,  North,  eatimntod  mean  height  of, 

37.  38 ;  ploina  of,  42 ;  cstent  of  coail- 
line  of,  43;  volonnio  phenomena  of,  100, 
191,  219,  230,  239,  242;  oil  reglona  of, 
174,  218 ;  action  of  wind  on  plateaux  of, 
305 ;  depth  of  rotted  rock  in,  325 ;  bultes 
and  bad  landa  of,  330;  river  tcnacea  of, 
309 ;  lagoou  barriers  of.  372 

■ — ,  Aichroan  rooks  of,  642 ;  Cnmbmn, 

657 ;  Silurian,  690 ;  Dcvoniaii,  704 ;  Old 
Kcd  Sandstone,  717;  Carboniferous,  747; 
Peruvian,  75G;  Triaaaic,  770;  Juraasic, 
805 ;  CrcUcooua,  809,  818,  837 ;  Eocene, 
857  ;  Oligocene.  866 ;  Miocene,  874 ; 
Pliocene,  886;  Pleutocene,  907;  glacia- 
tion  of,  892,  907;  preliialoric  depoeits, 
922 ;  geok^Lcal  hUtor}-  of,  933 

,  South,  estimated  mean  height  of, 

37,  38;  volcanoes  of,  242  («m  Andes); 

oorthquates  of,  253,  254 ;  upheaval  of, 

261;  prehisloricdcpositsof  Pampaa,923 

Amnionia,  niojjlxlato  of,  !n  toek  nnnlysja, 


Ammonites,  606;  disappearaure  of,  813 
AmmomUt,  7G0,:Tn,   790*,   791*,    793', 

797*,  812* 
Ammonoidea,  lu^eatcd  orieinof  the,  GI6 
Amnmum,  844 
Amorphoipongia,  828 
Amorphous  condition  of  minenls,  62 
Ampelitic,  689 
Amphibia,  732,  751 
Amphibolc.  71 
AmphiboUte,  71.  129;  in  gnelw,  poaaibly 

originally  eruptive,  580 
Amphibolite-sehist,    probable    origin   ef. 


',847 


-4inpi/j-.  662,  603* 

Amur-Darya,  dryiug  up  of  the,  383 

Amygdaloids,  64,  69, 73, 95,  153 

Amygdalae.  845 

Amygdules,  64, 95, 96.  153, 212.  540 

Analcimo  in  contact- inclamorphiam,  562 

AnalvBJa  of  rocks,  82 

Anamcaitc,  152 

Aannrhj/tei,  810 

Anali/optii,  062 

Analina,  797 

Auchilophui.  8G1 

AiKhllkerium.  847,  866.  868 

Anchor-iee,  U7, 386, 407 

^nc(7/nrto,  S55,  8G7 

jlni-Wnxtoii,  771 

AneyJua'r,U,S13,8li* 

Aiicyhtheriuvi,  884 

Andalusite,  72,  503 

Andalusite-slatc,  563.  564,  565,  576 

Andes,  volcanoes  of  tho,  184,  ISO,  ISO, 
21G,  230;  anow-ljnc  on,  388 

Andesinc,  69 

Aiidcsilo,  145,  148,  151,  154;  artificial, 
278, 279 

Awlromfda,  863 

Angelina,  652 

AngioBpemis,  fiist  npjiearance  of,  H08 ; 
age  of,  843 

Angoumian  (Crctaceons),  821.  830.  833 

Angulatus-bed,  789 

Anhydrite,  75,  121;  artificially  formed, 
285 :  conversion  of  into  gypsum,  319 

Animal -distribution,  in  relation  to  geo- 
logical changes,  267 

Animals,  destructive  influence  of,  439; 
disturb  auperficial  Mil,  439;  diatiirb  the 
Row  of  sttcoms,  439 ;  borings  of,  in  wood 
and  stone,  440;  destroy  vegetation,  440 ; 
prolcclivo  inHucnco  of,  442;  calcareooi 
formations  dueto,  44!<;  pcrlmps  (^lain 
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their  lime  by  decomposing  sulphatos  of 
sea- water,  448 ;  silioeoiiB  deposits  formed 
by,  456 ;  phosphatic  deposits  formed  by, 
457;  preservation  of  remains  of,  596, 
602 ;  relative  value  of  as  fossils,  602, 610  ; 
evolution  of,  as  compared  with  that  of 
terrestrial  plants,  609,  617 

Anisotropic,  90, 106 

Annelides,  relative  value  of,  as  fossils,  602  ; 
traces  of,  in  rocks,  619,  662 

AnnuUria^  727* 

Anodonta^  705,  716 

Anomia,  1^1,  801,  839,  857 

Anomocaret  658 

AnomodoniSj  762 

Anoniopteris,  759  . 

Anomozamites,  77^,  835 

Anoplotherium^  860* 

AnopolenuSy  649 

Anorthite,  69 

AnorthopyguSy  830 

Antarctic  regions,  volcanoes  of,  243 ;  ice- 
eheet  of,  389,  409  ;  diatom-ooze  of,  446 

Antelopes,  fossil,  847,  869.  876,  917 

Anthodon,  762 

Antholiies,  729 

Anthophyllite,  71 

Anthracite,  173 ;  produced  from  coal,  298, 
561 ;  artificial  formation  of,  298 

Anthraconyay  731 

Anihracoptera,  731 

Anthracopupa,  732 

Anthracosaurus,  732 

Anlhra^^sia,  719 

Anfhracotherium,  860,  871 

AntJirapalxmon,  723,  724* 

Anticlines,  502,  928 ;  deformation  of,  506, 
929 

Anversian,  881 

Apatite,  75  ;  in  meteorites,  9 ;  discrimina- 
tion of,  84;  artificial  formation  of,  281, 
284 :  in  regional  metamorphism,  569 

ApntoriuSt  818 

Apatosaurufiy  806 

Apes,  fossil,  809,  877,  881 

Aphanite,  148 

Aphanitic  structure,  98 

ApiocriniteSy  796 

Apiocrinus,  lib 

Apophyses  of  granite,  540 

AporrhaU,  «12,  849 

Aptian  (Cretaceous),  821,  824,  830,  831, 
836 

Aptichopsis,  662 

Aptychus  beds,  805,  836 

Aqueous  rocks,  115 

Aquitanian  stage,  863,  865,  Sm 

Aquo-igneous  rocks,  284 

Arachnids,  early  forms  of,  664,  665,  731 

Aragouite,  74, 75, 168 ;  artificial  formation 
of,  285 ;  decay  of,  in  shells,  600 

Aral,  Sea  of,  382,  383 

Aralid,  808,  853,  863  i 

Aralo-Caspian  depression,  palt  lakes  of,  ; 
381  I 


Ararat,  Mount,  226;  volcanio  action  at, 
187 ;  lightning-tubes  on,  803 

AraueartOj  113 

Araucarioxylont  728,  766 

AraueariteSy  795 

Arbroath  flags,  711,  713 

Area,  751,  796,  826,  851,  867,  903 

ArcesteSy  760 

Archroan   rocks,  metamorphism  of,  575  , 
578;    structure    and    origin    of,    580, 
633 ;  system,  632  ;  land,  vast  erosion  of, 
644 

Arch^ocidarUy  721 

ArchsEocyaihuSy  656,  661 

ArchxopteryXy  783,  786* 

ArchxoptUiUy  732 

ArchegoBaurus,  751 

Archirrwd^Sf  748 

Archiulus^  731 

Arctic  current,  410;  glaciers  and  ico- 
sheets,  389,  391,  397,  400,  408,  420; 
vegetation  of  Europe,  origin  of,  888, 
900 

Arctic  regions,  evidence  of  former  warm 
climate  in,  15;  Old  Red  Sandstone  in, 
716 ;  Cretaceous  flora  in,  808, 840 ;  Mio- 
cene flora  of,  873 

Arctoceplialus,  858 

Arctocyoriy  847 

ArctomySy  917 

Ardennes,  metamorphism  in,  569;  Cam- 
brian rocks,  656 

Arenicolites,  647*,  662 

Arenig  series,  653,  665 

Arethtmnay  613 

Argala,  885 

Argillaceous,  96;  schist,  125 

Argillites,  125 

ArgilhrniSy  846 

Argovian  sub-stage,  801 

Aridity,  influence  of  in  denudation,  305 

Arictites,  789,  790* 

Ariondlus,  656 

ArhtozoCy  662 

Arkose,  162 

Armadilloes,  fossil,  923 

Armorican  sandstone,  680 

Aroid,  fosbil  forms  of,  845 

Artesian  wells,  333 

Arthrophyeus,  660 

ArthropituSy  733, 750 

Arthrostigmay  708 

Arlvtitty  734 

ArurylOy  809 

ArvicoUy  880,  917 

«Arvonian,"639 

Asapliusy  652,  662, 663* 

Ascension,  volcanic  phenomena  of,  188, 
242 

Asche  (Permian),  749,  754 

AicoceraSy  664 

Ash  (volcanic),  165, 187 

Asia,  estimated  mean  height  of,  37,  38; 
northern  plain  of,  42 ;  extent  of  coast- 
line of,  48 ;  volcanoes  of,  242 ;  filling  up 
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of  lakes  in  central,  305 ;  dnst-etonnB  of, 
307 ;  ArchsBan  rocks  of^  642 ;  Primordial 
(Sinisian),  658 ;  Silurian,  692 ;  Devonian, 
705  ;  Carboniferous,  746 ;  Permian,  757 ; 
Triassic,  770 ;  Jurassic,  806 ;  Cretaceous, 
837;  Eocene,  857;  Miocene,  874;  Plio- 
cene, 884;  Pleistocene,  911 

Asphalt,  174;  produced  by  eruption  of 
basalt  rocks  into  carbonaceous  strata, 
561 

Aspidoceras,  1^1,  797* 

Aspidorhynchus,  797 

AspleniteSy  766 

A»plentumy  808,  845,  853 

Assise  630 

Astnrte,  111,  110*,  825, 849, 860, 878,  879*, 
903 

Astartian  sub-group,  798 

Ast^olepiSy  704,  710 

Astian  (Pliocene),  883 

AgtroeoBfiia,  792 

AstropecteUf  696,  793 

AsterophyUites,  727*,  750 

Aetylospongia,  661 

Atberfield  Clay.  824 

Athyru,  697,  722 

Atlantic  Ocean,  depth  of,  32;  form  of 
bottom  of,  33 ;  active  volcanoes  of,  242 ; 
distribution  of  temperature  in,  404 ; 
currents  of,  404;  height  and  force  of 
waves  in,  406 ;  large  stones  on  floor  of, 
at  great  depth,  419;  abysmal  organic 
deposits  of,  455 

Atlantosaurtis,  781 

Atmosphere,  height  and  composition  of, 
30 ;  original  constitution  of,  33,  59 ; 
movements  of,  302 ;  pressure  of,  302 ; 
co-operation  of  in  morine  erosion,  412 

Atmospheric  pressure,  influence  of,  on 
volcanic  eruptions,  192 

Atolls,  452 

Atrypa,  663,  667*,  697 

AhiHa,  873 

Auchenapsis,  664,  710 

Auchenta,  616 

Augite-andesite,  151 ;  artificial  formation 
of,  278 

Augito  in  meteorites,  9;  described,  71; 
formed  from  hornblende,  71 ;  microliths, 
&c.,  in,  figured,  105;  onclosed  in  leucite, 
105;  artificially  formed,  278;  weather- 
ing of,  318,  319;  presence  of  metallic 
ores  in,  588 

Augite-porphyry,  150 

Augite-rock,  129 

Augite-schist,  129 

AuUicopteris,  734 

Aulaphyllumj  721 

Avlopora,  705 

Australia,  nature  of  coast-line  of,  43; 
sand-dunes  in  interior  of,  311 ;  barrier- 
reef  of,  449 ;  Mesozoio  aspect  of  present 
fauna  of,  609;  contemporaneity  of  a 
Jurassic  flora  and  Carboniferous  Lime- 

^A?/jo  fatwa  in,  610,  614;  Archman  rocks 


of,  643;  Silurian,  692;  Deyonian,  705; 
Carboniferous,  747;  Permian,  757; 
Triassic,  771 ;  Jurassic,  806  ;*  Cretaioeons, 
840;  Eocene,  858;  Pliocene,  886;  Pleis- 
tocene, 912 ;  prehistorio  dqx>sits,  923 

Authigene,  6S3 

Auvergne,  volcanic  phenomena  of,  ld4, 190, 
204.  205,  213,  215,  224,  227,  228,  230, 
238,  559,  865 ;  Tertiary  lakes  of,  880, 
865 ;  ancient  glaciers  ot,  905 

Avalanches,  356,  388 

Avicula,  751,  760,  766*,  775,  851 

Avicula-contorta  zone,  612,  765 

Aviculopecten,  697,  720,  722* 

Aymestry  Limestone,  078 

Axinusy  751*,  864 

Azoic  rocks,  632 

Azores,  242 

Babylon,  growth  of  dust  over,  307 

Backs  and  cutters,  488 

Bactrites,  697 

Baculites,  Sl2*,Sn 

Bad  lands,  330 

Bagarius,  885 

Bagshot  Sands,  849,  851 

Baiera,  809,  835 

Bairdia,  723 

Bajociau  (Inferior  Oolite),  795,  802 

BakeveUia,  751* 

Bala  Group,  667 

Balxnoptera,  862,  881 

Balanophyllia,  864 

Balanus,  904 

Balkash,  Lake,  drying  up  of  northern 
tributaries  of,  383 

Baltic,  increasing  salinity  of,  34  ;  anchor- 
ice  of,  407 

Baltic  provinces,  Primordial  rocks  of,  G55 

Bamboo,  fossil,  876 

Banded  structure,  94;  in  mineral  veins, 
585 

Bandschiefer,  127 

Banksia,  867 

Bannisdale  slates,  681 

Barbadoes,  raised  coral  reefs  of,  262 

Barnacle-zone  in  relation  to  elovation  of 
sea-bed,  261 

Barrandia,  662 

Bars  of  rivers,  371 ;  tidul,  422 

Barton  Clay,  849,  852 

Barytes,  75 

Basalt  described,  152  ;  native  iron  in,  65  ; 
external  forms  assumed  by,  207 ;  floods 
or  plateaux  of,  239,  551,  862 ;  intrusive 
sheets  of,  536 ;  dykes  of,  540 ;  contem- 
poraneous sheets  of,  550,  739 ;  alterati<m 
of  rocks  by,  559 ;  alteration  of,  by  con- 
tact with  carbonaceous  rocks,  560; 
weathering  of,  321,  322;  weight  of,  in 
air  and  in  sea-water,  411;  artificial 
formation  of,  278 

Basalt-glass,  107, 153,  542,  559 

Basaltic  structure,  154,  276,  492 

Basic  rocks,  136 
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Basset,  496 

Bastite,  72 , 

Bastonite  in  regional  metamorphism,  569 

Bat,  fossil  forms  of,  847 

Bath  Oolites  (Bathonian),  788,  792,  801 

Bath,  springs  of,  337,  341 

Bathyunis,  691 

Bavaria,  Archsoan  rocks  of,  641 ;  Perm- 
ian, 754 

Bays,  origin  of,  43 

Beach,  x>rigin  of  a,  402 ;  deposits  of  a,  421 

Beaches,  raised,  262,  900,  911 ;  argument 
from  as  to  shifting  of  earth's  centre  of 
gravity,  19 

Beania,  773 

Bear  Island,  Old  Bed  Sandstone  of,  716 

Bears,  fossil,  869,  874,  877,  880,  905,  920 

Beaver,  fossil,  869,  873,  874,  879,  880,  905, 
920 ;  geological  action  of  the,  439 

Bedded  structure,  95,  463,  630 

Bedding,  forms  of,  461 ;  irregularities  of, 
467 ;  deceptive  appearance  of,  produced 
by  shearing,  633 

Beech,  fossil,  809,  845,  882 

Beetles,  fossil,  731,  777,  789,  803,  873 

Belemnitella,  813,  815*,  841 

Belemnites,  111,  780*,  813 

Belgium,  subsidence  in,  268;  great  re- 
versed fault  of,  744,  930 ;  Silurian  rocks 
of,  688;  Devonian,  700;  Carboniferous, 
298,  743 ;  Cretaceous,  832  ;  Eocene,  852; 
Oligoccne,  864  ;  Miocene,  871 ;  Pliocene, 
881 ;  Pleistocene,  905 

Behjrandia^  880 

BelinuruSy  716 

Bdlerophon,  648*,  QG^,  666*,  697,  723 

Bellia,  885 

Belodon,  762 

Belopteraf  851 

Behsepia,  845,  851 

Belotmthis,  111 

Belvedere  Schotter  (Pliocene),  882 

Bembridge  Beds,  861 

Bermuda,  i^lian  forinutionB  of,  311 ;  coml 
reefs  of,  453 

Bernissart,  reptiluin  remains  of,  815,  832 

Beryx,  813 

Bettorgta,  858 

Betahi,  864,  867,  889* 

BeyricUa,  662,  723 

Biaucone,  805 

Big-horn,  442 

Biotite,  70 

Birch,  fossil,  876 

Birds,  fossil,  762,  783,  817,  846,  860 

Birdseye  Limestone,  691 

Bison,  885,  919 ;  trails  and  wallows  of,  442 

Bitter  I^akes,  385 

Bitter-spar,  75 

Bituminous  odour,  99 

Black  colour  of  rocks,  98 

Black  Crag  of  Antwerp,  871 

Black  Forest,  ancient  glaciers  of  the,  892, 
904 

Black  Jura,  804 


Black  Biver  Limestone,  691 

Black  soil  of  Russia,  327.  442 

Blackdown  Beds,  821,  826 

Blackthorn,  fossil,  880 

Blanc,  Mont,  501 

Blastoids,  721 

Blaita,  665 

Bleaching  by  volcanic  vapours,  &c.,  557 

Blood-rain,  311 

Blow-holes,  412 

Blown  sand,  159 

Blowpipe,  use  of,  in  geology,  84 

Blue  colour  of  rocks,  98 ;  of  marine  mud 
422,  437 

Boar,  fossil,  905,  920 

Bog-bean,  fossil,  880,  907 

Bog  iron-ore,  67, 121,  174,  379,  447 

Bog-myrtle,  early  forms  of,  809 

Bognor  Beds,  850 

Boo;s,  origin  of,  443 

Bohemia,  volcanic  phenomena  of,  230 
Archaean  rocks  of,  641 ;  Cambrian,  657 
Silurian,  618,  687,  694 ;  Devonian,  688 
Carboniferous,  732,  746;  Permian,  752 
Cretaceous,  808 

Bohnerz,  121,  175 

Bojan  gneiss,  641 

Bolderian,  864 

Bolodon,  785 

Bolonian  sub-stage,  800 

Bombs  (volcanic),  165.  188,  552 

Bone-beds,  170,  679,  736 

Bone-breccia,  170 

Bone-caves,  597 

Bonneville  Lake  (Utah),  381 

Boracic  acid  at  volcanic  vents,  181,  218 

Borax-lakes,  380 

"Bore  "of  rivers,  403 

Borelis,  856 

Boron,  in  volcanic  emanations,  286 

Boric  acid  in  metamorphism,  565,  566,  567 

Bornia,  735 

Borscale,  65 

Bos,  880,  904 

Bosses  of  eruptive  rock,  526;  connection 
of,  with  volcanic  action,  533 

Bothriolepis,  705 

Bothriogpondylus,  798 

Bottom-ice,  117 

Boulder-clay,  character  of,  164;  origin, 
395,  401.  894  ;  local  variations  of,  894 ; 
form  of  stones  in,  895 ;  interglacial  beds 
in,  895 

Boulders,  origin  of,  323 

Bourbm,  Isle  of  (Reunion),  205,  226,  236 

Bourgueticrinus,  796,  810,  841 

Bracheux,  Sables  de,  852 

Brachiopods,  oldest  forms  of,  649;  maxi- 
mum development  of,  697 

Brachymetopus,  723 

BrachyphyUumy  773 

Brackish-water  organisms  killed  by  an 
irruption  of  the  sea,  598    • 

Brackiesham  Beds,  849,  851 

Bradford  Clay  (Bradfordian),  788,  795, 802 
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Bramaiherium,  876 

Brancfiiosaurus^  752 

Brandschicfer,  173 

Brazil,  rotten  rock  in,  325 

Breaks  in  succession  of  organic  remains, 
612,  627 

Breakers,  406,  411 

Breccia,  161 ;  volcanic,  166 

Brecciated  structure,  95, 161,  585 

Breislakite,  213 

Breynia,  874 

Brick-earth,  159,  327;  Palieolithic,  915 

Brick-clay,  164 

Bridlington  Crajr,  901 

Brienz,  Lake  of,  370 

Brine  springs,  337 

Britain,  river  terraces  of,  369;    lagoon- 
barriers,  372;   tidal  currents  of,  403 
force  of  waves  on  coast  of,  406,411,413 
climate  of,  affected  by  Gulf  Stream,  410 
denudation  of,  430 ;  submarine  platform 
of,  434;  Arcbajan  rocks  of,  636;  Cam- 
brian, 649;    Silurian,  665;    Devonian, 
699;   Old    Red    Sandstone,  700,  710; 
Carboniferous,    .735;      Permian,    753; 
Triassic,  762  ;  Jurassic,  787 ;  Cretaceous, 
820 ;    Eocene,    849 ;    Oligoceno,    801  ; 
Pliocene,  878 ;  Glaciation  of,  901 ;  Palaio- 
lithic  deposits,  920 

Brockram,  753,  763 

Brodia,  732 

BronteuB,  672,  696* 

Brontosaurus,  781 

Bronze  Age,  913,  919 

Bronzite,  72 

Brooks.    See  Rivers. 

Brown  coal,  171 

Brown  coal  (Oligocene)  stages,  861 

Brown  colour  of  rocks,  98 

Brown  Jura,  804 

Bruxellian,  855 

Bryozoenkalk,  835 

Bubulusy  885 

Bucapra,  885 

Buccinum,  796,  867,  886,  904 

Bucklandi-bed,  789 

Buckthorn,  fossil,  809,  876 

Budleigh  Salterton  Pebble-beds,  76.T 

Buhrstone,  162 

Btdimus,  839,  861,  916 

Bulrusli,  fossil,  907 

Bumodtus,  675 

Bunter,  763 

Buthotrephisy  660 

Butterfly,  Jurassic,  777 

Buttes,  306,  330 

BijMacanthuSy  698 

Byaiinia,  855, 863 

Cactus,  fossil,  845 
Cadurcotherium,  861 
Cucn-stone,  802 
Caffer  cat,  fossil,  917 
Caillasses  (Eocene),  854 


Cainozoic  systems,  840 

Caithness  Flags,  711,  714 

Calabria,  earthquakes  of,  252,  258 

Ckdamites,  714,  725,  750 

CalamodaduSy  727 

Calamodendron,  727,  750 

CalwnophycuSy  660 

Calcaphanite,  150 

Calc-sinter,  119,  340,  446,  915 

Calcaire  grossier,  854 

Calcareous  composition,  96 

Calcareous  Grit  (Corallian),  788 

Calcareous  rocks,  113, 167,  340,  4IG,  448, 

455 
Calcareous  springs,  336,  340 
Calcareous  tufa,  119 
Cakcola,  695,  698* 
Calciferous  Group  (Silurian),  691 
Calciferoua    Sandstone    Group  (Carboni- 
ferous). 736,  738 
Calcination  of  surrounding  rocks  by  erup- 
tive masses,  559 
Calcite,    occurrence    of,    74;    artificially 
formed,  285 ;   as  a  petrifying  medium, 
601 ;   threads,  nests,  and  veins  of,  au 
indication  of  the  alteration  of  rocks  by 
meteoric  water,  74,  83.  114,  319,  3:i9; 
more  durable  than    aragonite,  74,  75, 
113, 168,  600, 601 ;  detection  of  by  acids, 
83 
Calcium-carbonate,  occurrence  of,  60,  69, 
74,  83, 114, 168,  335,  337,  339,  340,  352, 
455;    perhaps  obtained  by  marine  tes- 
tacca   by  tlie  reduction  of  gypsum  to 
sulphide,    448;    deposits    of,    340;    in 
river-water,  352 ;  in  organisms,  600 
Calcium,  distribution  of,  60 
Calcium-phosphate,  75.  170,  457,  476,  600, 

668  ;  in  fossil  remains,  600 
Calcium-sulphate    in    spring-water,    831, 

841 ;  in  river-water,  352 
Calcutta,  cyclone  at,  406 
Callipterideum,  733,  756 
CallUris,  844,  865 
CkUlizoe,  662 
Caliograptusy  666 
Callovian,  796,  801 
Cahjmene,  662,  663* 
Camarellay  657 
Camarophoriat  697,  750 
Cambrian  period,  volcanoes  of,  243 ;  rocks, 
foliation  of,  569,  578;  type-fossils,  606; 
system,  644 ;  plants,  646 ;  fauna,  617 
Cambridge,  Greensand  of,  815,  818,  821, 

826 
Camel,  genealogy  of,  617 
Camelopardalisy  884 
Camelus,  617,  885 

Campaniau  (Cretaceous),  820,  830,  834 
Campinian  (Pleibtocene),  906 
CamptopteriSf  770 

Canada,  frozen  rivers  of,  386  ;  Arch»an 
rocks  of,  634,  642;  Cambrian,  657; 
Silurian,  691;  Devonian,  704;  Car- 
boniferous, 747;  glacial  deposits,  910 
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Canadian  formation,  691 

Cancdlaria,  845, 860,  867 

CanceUophycus^  802 

(JaniSf  fossil,  874,  880 

Cannon-shot  gravel,  890 

Cafions,  origin  of,  364,  937,  938 

Copra,  885 

Caprina,  811 

Caprotina,  811 

Caprotinenkalk,  836,  837 

Caprovi9y  880 

Capulusy  697 

Carabusy  781,  789 

Caradoc  group,  667 

Carbon-dioxide  in  meteorites,  9;  in  the 
air,  81,  60,  436 ;  in  carbonates  in  rocks, 
31,  60,  61,  74;  decomposition  of,  by 
plants,  31,  43  ;  in  water,  35,  86,  60,  74; 
in  rain,  316;  in  the  crystals  of  rocks, 
102,  284 ;  at  volcanic  vents,  184,  217, 
218,  335;  solubility  of  in  water,  316; 
effective  in  promoting  mineral  solu- 
tions, 818;  sources  of,  in  permeating 
water,  326,  334 ;  proportion  of,  in  water, 
336;  derived  from  humous  acids,  817, 
438 

Carbon  in  the  earth's  crust,  60 

Carbonaceous,  96 

Carbonaceous  rocks,  171 

Carbonas,  590 

Carbonates,  60,  74,  83, 118,  121,  319,  335; 
influence  of  alkaline  in  promoting  de- 
composition of  rocks,  286,  335 ;  forma- 
tion of  by  rain,  319 ;  formation  of  by 
underground  water,  338 

Carboniferous  volcanoes,  188,  189,  199, 
227,  243,  737,  738,  739 ;  rocks,  mcta- 
morphism  of,  572,  577;  type-fossils, 
606;  facics  of  organic  remains,  643; 
fauna,  precursors  of,  715 ;  system,  717  ; 
Limestone,  480,  485,  620,  628,  737; 
Slate  of  Ireland,  740 

Carcharodon,  858,  881 

Cardiaster,  828 

Cardinia,  111 

Cardiocarpon,  729 

Cardiodon,  796 

Cardiolay  677,  697 

CardiopteriSy  716,  735 

CarditUy  760,  851,  867,  868*.  881 

Ckirdiumy  701,  760,  766*,  777,  779*,  811, 
846*,  860,  867,  879,  903 

Carentonian  (Crotacoous),  821,  830,  833 

Carpathian  mountains,  Archrean  rocks  of, 
641 ;  ancient  glaciers  of,  892,  904 

CarpinuSy  867 

CarpoUtheSy  728 

Carrara,  marble  of,  561 

Carstone  (Ncocomian),  823,  826 

CaryocariSy  662 

Caryophylliay  864 

Caspian  Sea,  not  aboriginal,  43;  depth 
of,  38,  42,  382 ;  sand-dunes  of,  310 ; 
coast-lines,  42  ;  flre-wclls  near,  218 ; 
mud  volcanoes  of,  223,  382;  seals  of, 


382;    cause    of  the  isoktion  of  383; 
salinity  of,  383 

Cassia,  fossil,  809 

CkissianeUa,  760 

Cassidariay  851,  866,  873 

CaseiSy  560,  867 

Castor  (see  Beaver) 

Casts  of  organic  remains,  601 

Cat,  fossil,  869 

Catenlpora,  682 

Catskill  Red  Sandstone,  704 

Cauda-galli  group,  704 

Caiderpites,  753 

Caulopterisy  704,  708,  733 

Cautleyay  885 

Cavern-deposits,  PalaDolithic,  915,  921, 
922 

Cavernous  structure,  94 

Caverns,  formation  of,  341 ;  evidence  of 
upheaval  from  sea-worn,  262 ;  preserva- 
tion of  organic  remains  in,  597, 915 

CebochasruSy  861 

Cellular  structure,  94 

Cellulose,  preservation  of,  600 

Cement-stone,  119 

Cement-stone  sub-group,  738 

Cementation  of  rocks,  287 

Cenomanian  (Cretaceous),  820,  821,  825, 
833,  835 

Cephalaspisy  664,  709* 

CephalograptuSy  685 

Cephalopods,  early  forms  of,  GGi 

Ceratiocarisy  662,  675*,  723 

Ceratitesy  760,761* 

Ceratodusy  710,  760,  792 

Ceratopygey  655 

Ccratopyge-limestone,  685 

Ceritellay  796 

Cerithiumy  111,  812,  845,  846*,  800*,  870 

Ceromyay  795 

Cervus  (see  Doer) 

Ceteosaurusy  780,  813 

ChivropotamuSy  861,  870 

Clmtelesy  662,  721 

Chalcedony,  62,  66,  217,  340 

ChalicotJuriumy  861,  874,  885 

Chalk,  169,  807,  820,  827;  structure  of, 
112;  search  for  fossils  in,  625;  ab- 
sorbent power  of,  282;  conversion  of, 
into  marble,  651 

Chalk-Marl,  821.  82(5 

Chalk-Rock,  821,  828 

Chalienger  Expedition,  32,  34,  237,  404, 
419,  421,  422,  424,  425,  446,  453,  599 

Chalybeate  springs,  337,  341 

Clialybitc,  75 

Chamay  845 

Chainxcyparisy  853 

Chamxrops,  844 

Chamois,  fossil,  906 

Champlain  group,  910 

Charuy  853,  859* 

ChariocepJuUuSy  657 

Cham  wood  Forest,  rocks  of,  640 

ChasmopSf  685 
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CheiraoanthuSy  710 

Cheirodusy  731* 

Cheiroleids,  714 

Cheir other ium^  761 

Cheirnnis,  652,  662,  700 

Cheliian  (Palaeolithic),  914 

Chelone,  813,  851 

Cheltenham  Beds,  788 

Chemical  analysis,  83 

classification  of  rocks,  114 

deposits,  336, 379,  420,  446 

transfonnation,  rise  of  tempera- 
ture from,  274 

ChemnUzio.,  751,  760,  792 

Chemung  group,  704 

Chert,  122,  718,  787,  741 

Chesil  Bank,  418 

Chestnut,  fossil,  815,  882 

Chiastolite,  72 

Chiastolite-slate,  127,  563,  564 

Chillesford  Beds,  878,  879 

anoncy  875 

Chinn,  action  of  wind  in,  305 ;  Archaian 
rooks  in,  643 ;  Cambrian  (Sinisian),  658  ; 
Silurian,  692;  Devonian,  705;  Car- 
boniferous, 746 

China-clay,  163 

Chitin,  preservation  of,  600 

CJnton,  751 

Chlorides  in  sea-water,  origin  of,  31 ;  in 
the  air,  32,  316;  in  rocks,  75,  102,  118, 
138  ;  at  volcjinic  vents,  184,  212,  217, 
24(> ;  in  springs,  334,  337 ;  in  salt  lakes, 
380 

Chlorine  at  volcanic  vents,  ISo ;  in  rsiin, 
316  ;  in  river- water,  1)52 

Chlorite,  73 

Chlorite-rocks,  180,  llJ.") 

Chloritic  marl,  821,826 

Chondres  of  cosmic  du:it,  421 

Chondrites  (annelid),  662  ;  (sea-weed),  6G0 

Chonetes,  685,  697,  715,  722 

Chromic  iron  in  meteorites,  9 

Chronological  elastsifieation  of  rocks,  115, 
137,  151 ;  ba.'jed  on  law  of  superiwsition, 
486 

Chn)nology,  fossils  as  guides  (o  geological, 
604 

C/i?flr«,  760,  775*,  810 

Cinder-cones,  227 

Cincinnati  group,  601 

Cinnamon  fo-ail.  800,  850,  ^^':),  Sr,?*,  876 

Cirques,  937,  912 

Cirrii)edes,  early  forms  of.  662 

Cmu8,  867 

Civet,  fos.sil.  861 

ChuUscui',  734 

ChdoduM,  724 

Chtdyodoii,  761 

Claiborne  Beds,  857 

Classification  of  rocks,  various  systems  of, 
114 

Clastic  structure,  95 
——rocks,  158 
Ob/AmHoi  773 


Claihropieris,  759 

ClamiliOy  916 

Clay-ironstone,  122,  175,  719 ;  weathering 
of,  322 

Clay-rocks,  163 

Clay-slate,  125,  135 ;  origin  of,  295,  568 ; 
diffusion  of  metals  in,  589 

Clays,  fossil-collecting  in,  625 

Cleavage,  125,  288,  462,  463, 506 ;  i^latioo 
of,  to  foliation,  508,  532,  569,  579 

Cleidophoru8y  664,  667* 

Cletthrolept9y  771 

Cleodoroj  873 

Cliff-de^ri8,  159 

Climacamminay  746 

Climacograptus,  661 

Climate,  influenced  by  former  greater  heat 
of  the  sun,  19,  21 ;  probable  unifonnitv 
of,  in  Falffiozoic  time,  21 ;  glacial  con- 
ditions of,  21 ;  affected  by  the  oceftn, 
409 ;  influence  of  man  on,  458 ;  indicated 
by  fossils,  604;  Jurassic,  786;  Cieta- 
ceous,  808;  Tertiary,  843,  ^,  867,  872, 
874,  876,  877,  881  ;*  Post-Tertiary,  887 ; 
in  glacial  ixjriod,  887,  896 

Climatinsy  713 

Clinkstone,  145 

Clinometer,  495 

Clinton  group,  691 

Cliona,  673 

Clisiophyllumy  111 

Clouds,  formation  of,  315 

Clyde  Beds,  902 

Cly inert  i<iy  607 

Chjp,  aster,  872 

ChjpeiiB,  775 

Coal,  171;  ori-in  of,  297,  477,  r/>3,  71i»: 
altered  to  graphite,  64;  prrvirressiv.^ail  - 
ration  of,  298;  altt-ration  of,  bv  liasalt. 
559,  56G;  weight  of,  in  air'  and  in 
sea- water,  411 ;  old  stroxim-ohanm'ld  in. 
467 ;  asjoeiation  of,  with  lire-clav.  477 : 
joints  of,  488;  of  Old  RtMl  Sandat":i.' 
n^'c,  713;  Carboniferous,  71I»;  Peruiiai., 
719  ;  Triassio,  766  ;  Jura.vsic,  795;  <r  - 
taceous,  807,  835,  8:i6,  8:JS,  8:ti»,  v^lO 
Kneene,  806;  01ig<xv-no,  86:i,  S<U,  >r,.i, 
866  ;  ISIiocene,  872,  875 

Coal-dust,  efTeet  of  great  pressure  on,  2>^ 

Coal-measures,  736, 742 

Coal-seams,  persistence  of,  4T1» 

Coast-lines,  relation  of  to  sloii  >  of  aili'M'  -  •" 
sea-lloor,  434 

Coblenzien,  702 

Co*  III  en  nth  us^  717 

Ca'ldftrr.  OOO 

Coelenter.ita,  r.lative    valn.*  of.  as  f..-..-. 

6U2 
t^r.ntt'S^  ^t^  I 
(^a:no<ir<tjitu.<,  6^5 
Civnopithreujt,  847 
Coce(i>it(Us^  7U0,  7(>'.»* 
C(K-hl!odu=i,  724 

C^K-kruaeh,  early  forms  of.  731    777 
Coking  of  coal  by  ernptivo  nvks,  5.v.» 
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Coleoptora,  fossil,  732,  789,  799,  803 
^  Colloid  oondition  of  minerals,  62 
'    Cotofeua,  8C9 

Colonies,  Barrande's  doctrine  of,  618,  853 

Colorado  group,  838 

Colorado  Kiver,  wind-action  in  basin  of 
the,  306 ;  slope  of  the,  350 ;  cauons  of 
the,  364 

Colorado  State,  structure  of  Park  Moun- 
tains in,  929 

Coloration  by  eruptive  rocks,  557 

Colossochelys^  885 

Columnar  structure,  154,  276, 492 

Comby  structure  of  mineral-veins,  585 

Comoseris,  774* 

Compact  structure  of  rocks,  92,  96 

Compression,  geological  effects  of,  286, 
490 

CknnpsognathttBy  780 

Concepcion,  earthquake  at,  255 

(hnckicolites,  662 

Conchoidal  fracture,  97 

Concretionary  Btructure,  63,  96,  122, 175, 
423,  425,  473,  474 

Condensation  of  vapours  in  the  air,  32 

Cone-in-cone  structure,  291 

Cones,  alluvial,  366 

Cones,  volcanic,  180,  223 

Conformability,  591 

Congeria,  871,  879*,  882 

Congerian  stage  (Pliocene),  882 

Conglomerate,  defined,  161;  as  indicating 
a  former  shore-line,  472,  480,  712,  753, 
764 ;  inconstant  character  of,  478 ;  irre- 
gular erosion  of  by  rain,  328  ;  metamor- 
phosed, 564,  571 ;  schistose,  133 ;  vol- 
canic, 165, 189 ;  deformation  of  pebbles 
in,  290 

Conglomerated  structure,  95 

Conifers,  structure  of  the  earliest,  615; 

.  ancient  forms  of,  728,  730* 

Coniosaurus,  814 

Coniston  Grits  and  Flags,  681 

Coniston  Limestone,  669 

Cmocardium,  691,  722* 

ConocephaliteSf  649 

Conocoryphe,  646*,  662 

Conodonts,  664 

Conservative  action  in  geology,  301 

Consolidation  of  vitreous  or  crystalline 
rocks,  112 ;  influence  of  pressure  on,  287 ; 
columnar  structure  developed  during, 
494 

Contactschicfer,  127,  564 

Contemporaneity  in  geology,  608 

Contemporaneous  veins,  93,  542 

eruptive  rocks,  622,  548 

Continents,  disposition  of,  36;  average 
lieight  of,  37;  antiquity  of,  12,  36,  272, 
426,  925 :  coast-lines  of,  42 ;  due  to  suc- 
cessive upheavals,  926 

Contortion  of  rocks,  290,  292,  465;  inter- 
calations of,  among  nndistorbed  rocks, 
sometimes  locally  caused  by  melting  of 
intercalated  ioe,  or  by  solution,  or  by 


hydration,  466 ;  by  moving  icebergs  or 
ice-sheet,  496 

Contraction,  results  of,  146,  212,  270,  304 ; 
of  the  earth,  55,  213,  244, 247,  270,  292 ; 
of  rocks  in  passing  from  a  glassy  to  a 
stony  state,  280 ;  connection  of,  with 
joints  in  rocks,  ^293,  490,  492 

Conularia,  648*,  664,  712,  723* 

Conus,  845,  846*,  860,  870 

Cooling,  effects  of,  492 ;  influence  of,  on 
crystallization  of  lava,  210 ;  of  the  earth, 
10,  55,  213.  270 

Copper,  native,  reduced  by  organic  matter, 
437 

Copper-chloride  at  volcanio  vents,  212, 
218 

Copper-oxide  at  volcanio  vents,  184 

Copperas  in  natural  waters,  337 

Coprolites,  171,  596 

Coquina,  or  shell-limestone  of  Florida, 
448 

Coral-mud,  423,  449 

Coral-Rag,  788,  797 

Coral-reefs,  formation  of,  448 ;  rise  of  land 
proved  by,  262 ;  supposed  to  prove  sub- 
sidence, 266,  451 ;  abrasion  of,  419,  449 ; 
of  Silurian  age,  677 ;  of  Devonian  age, 
695 ;  of  Carboniferous  age,  718 ;  Triassic, 
768 ;  Jurassic,  775,  797,  801,  805 

Coral-rock,  169,  449 

Corallian,  787,  797 

Coralline  Crag,  878 

Corals,  early  fonns  of,  661,  677 

Corbicula,  871,  880 

CorhU,  797 

Corhula,  798,  825,  845,  846*,  861 

Cordaites,  728,  750 

Cordierite,  72 

Cormorant,  fossil,  886 

Combrash,  788,  793,  795,  796 

Comiferous  group,  704 

Comstone,  119 

Comubianite,  133,  563 

Comulites  (Ortonia),  662,  722 

Comus,  857 

Corries,  942 

Corrosion  of  crystals  in  the  magma  of  a 
crystalline  rock,  100, 105, 137  " 

Corsite,  148 

Corundum,  60,  67 ;  artificial,  281 

CorydaliSy  781 

Corylusj  844 

Coryphodoiij  847 

Coseguina,  200,  202 

Coseismic  lines,  253 

Cosmic  dust,  65,  424 

Cosmical  Geology,  4 

Cosmoeercu,  794*,  797* 

Cotone(uierf  845 

Cotopaxi,  183, 184,  192,  194,  199,  215,  216 

Crag  (Pliocene),  878 

Crane,  fossil,  886 

Crania,  663,  667*,  796,  811 

CrassaieUa,  851 

Crater-lakes,  224,  227 
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Craters,  180.  226 

Cre<iner/a.  808 

Crematopterlst  759 

Creosaurus,  80G 

Cretaceous  system,  806;  rocks,  metamor- 
phism  of,  577 

Crevasses  of  glaciers,  390,  393 

CHcetua,  917 

Cricket,  early  forms  of,  709,  731 

Crinoidal  Limestone,  169 

Crinoids,  Palaoozoic,  648 

Crioceras^  812* 

Cristellaria,  792,  808* 

Crocodiles,  fossil  forms  of,  762,  778,  799, 
865,  873,  885 

CrossopterygidXf  710 

Crotaloerinus,  677 

CryphseuSy  697 

Cryptocaris,  662 

Cryptoclastic  structure,  96 

Cryptocryslalline  structure,  92 

CryptomeriteSt  795 

Cryptosaurus,  798 

Crystalline  condition  of  minerals,  62; 
structure  of  rocks,  92.  109,  113,  117; 
forces  and  jointing,  490 

Crystalline  schists,  123 

Crystallites,  62, 106,  277 

Crystallization,  experiments  in,  276 

Crystals  in  rocks,  100 ;  fractured  and  cor- 
roded, in  rocks,  100,  105;  suooessive 
appearance  of,  101 

Crum])ling,  504 ;  from  hydration  of  beds  of 
anhydrite,  319 ;  of  thecry&talline  schists, 
5.j4 

Crushing,  effects  of,  on  rocks  of  earth's 
crust,  247,  274,  275,  290  ;  causes  of,  270, 
274 ;  depth  of  rock  involved  in,  275 

Crust  of  the  earth,  earliest  condition  of, 
12;  definition  of,  44;  distribution  of 
temperature  in,  47  ;  composition  of,  58 ; 
contracts  now  less  than  nucleus,  270, 
206 

Cruziana^  649 

Ctenacanthusj  698,  725* 

rt^nodonta.  648*,  664,  676* 

Ctenodus,  724 

Ctenoptychius,  724 

Cuba,  raised  coal-reefs  of,  262 

Cuboides  beds,  702 

Cucullffia,  697,  698*,  794.  825,  849,  875 

Cuculhlla,  677 

CUdra,  732,  746 

CunningJiamUes,  808 

Cupanuiy  851 

Cupresnnit^s,  844 

Cu2)reasinoxylum,  862 

CupressocrinidXy  696 

CupresauSy  789,  845 

Curreut-boilding,  464 

Currents,  oceanic,  403,  404 ;  influenced  by 
cartirs  rotation,  13 ;  influence  of  on 
cliii;atc,  26,  409,  410 ;  transport  of  sedi- 
UKiit  and  of  food  supplies  by,  418,  419, 
449,  455 ;  nature  of,  indicated  by  strata, 


463.  464,  467,  477,  478 ;  tidal,  403  ; 
prevent  formation  of  deltas,  374;  for- 
mation of  banks  by,  422 

CurtonotuSy  697 

Curvature  of  rocks,  499 

Custard-apple,  fossil,  859 

CyathcupiSy  712 

(hfathaxoniay  662 

dyatheiUM,  746 

Cyathinay  809,  864 

dyatliocrinidmy  696 

(^athocrinus,  662,  677,  700,  721*,  750 

dyathophora,  796 

Cyathophyllumy  662,  695,  720* 

Cybehy  662 

CycadinoearptiSj  773 

CycadiieSy  773* 

Cycadoideay  773 

dycadospadixy  773 

Cycads,  advent  of,  750 ;  age  of,  759,  772 

Cycasy  808 

Cyclafty  799,  823 

Cyclocladia,  728 

CyclogfuUhus,  655 

CydoliUSy  809 

dyclonema^  664 

Cyclones,  306 ;  effects  of,  on  sea,  406 

Cyclopterisy  708,  725,  755,  759 

Cyclostigma,  716 

Cydontoma,  863,  871 

Cychtusy  861 

Cynodraeotiy  762 

CyiwpithecuSy  885 

CyphajitpUy  675* 

Cyphosoimty  810 

Cyprxa,  841,  845,  866,867 

Cypress,  fossil,  789,  845,  871 

Cypricarditty  792 

Cypridinay  696* 

Cypridina-shalcs,  701,  702 

Cyprinay  798,  825,  849,  879,  903 

Cyprinus,  904 

Cyprisy  835,  861 

CyretiQy  793,  823,  845.  846*,  861 

Cyrtiay  697 

Cyrtinay  700 

Gyrtoceras,  664,  700,  751 

Cyrtothecay  652 

Cystideans,  606,  648,  696 

Cystiphylluniy  695 

Cythere,  668,  736 

Cythereuy  826,  845,  859*.  867,  903 

Dachschiefcr,  126 
Dacite,  148 
Dacrytherium,  861 
Dactyloporay  853 
DadoxyloTiy  708,  728 
DahoBuurufy  798 
Dnkota  group,  838 
Dalmanites,  688,  697,  723 
Dalmatia,  subsidence  of  coast  of,  268; 
terra-rossa  of,  325;  rcplantinj?  of,  441  * 
Dammarrt,  803 
Damoniiif  885 
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Damourite,  70 

Damuda  group,  771 

Danian  (Cretaceous),  820,  829,  834,  841 

Danube,  sediment  in  water  of,  357 ;  delta 
of,  376 ;  rate  of  denudation  by,  428 

Daonella,  760 

Dapedius,  778 

Daphne,  867 

DasarnUy  840 

DasycepSj  753 

Davidia,  649 

Davoei-bed,  789 

Daiesotiella,  732 

Dawsonia,  752 

Day,  progressive  increase  in  length  of, 
13,20 

Dead  Sea,  383,  384,  385 

Deccan,  volcanic  plateau  of,  224,  241, 651, 
837 

Declivity  as  a  factor  in  denudation,  827, 
330,  349 

Deep-sea  deposits,  422  ;  unlike  any  strati- 
fied rocks  on  land,  426 

Deer,  fossil,  847,  873,  876,  880 

Deforesting,  influence  of  on  floods,  848, 
458 ;  on  soil  and  population,  439,  441, 
458 

Deformation  of  rooks,  290,  506,  699 

DeinoeertUt  848* 

Deinosaurs,  760,  780  ;  extinction  of,  813 

Deinotherium,  868,  876 

Delossite,  74 

Delphinu9,  881 

Deltas,  nature  of,  374 ;  in  lakes,  370 ;  in 
the  sea,  373 ;  preservation  of  organic 
remains  in,  597 ;  of  the  Weald,  823 

Dendritic  markings,  68 

Dendrocrinus,  647 

DendrograptuSt  647 

Dendropupa,  732,  756 

Denmark,  sand-dunes  of,  310 ;  peat-mosses 
of,  443;  Cretaceous  rocks  of,  834; 
boulder-drift  of,  895,  904 ;  shell  mounds 
of,  922 

Density,  reduction  of  in  the  glassy  con- 
dition, 280 

Dentalina,  792 

Dentalium,  825,  875.  904 

Denudation,  by  wind-action,  304 ;  by  rain, 
317,  327;  by  springs,  341,  343;  by 
rivers,  351,  353,  358,  387,  428 ;  by  snow, 
388 ;  by  glaciers,  397 ;  by  the  sea,  410  ; 
sub-aerial,  319,  386,  415,  426,  430; 
marine,  432 ;  by  plants,  437 ;  by  animals, 
439;  true  measure  of,  426;  amount  of 
shown  by  lines  of  stratification.  925; 
influence  of  on  features  of  land,  935 ; 
conditions  requisite  for,  936;  rate  of 
affected  by  declivity  of  ground,  936; 
influenced  by  geological  structure,  936 ; 
suggested  as  a  cause  of  upheaval,  271, 
926  ;  modified  by  upheaval  and  depres- 
sion, 433 ;  relation  of  to  deposits,  436 
(see  also  under  Air,  Wind,  Rain,  Rivers, 
&c.) 


Dcoxidation,  318,  335,  338,  437,438(«» 
Organic  Matter) 

Deposition,  suggested  as  a  cause  of  sub- 
sidence, 271,  926;  great  scale  of  in 
nature,  436 

Depression,  secular,  259  (see  under  Snb- 
sidence) 

Deserts,  310 

Desiccation-cracks,  471 

Desmosite,  127 

Destructive  action  in  geology,  301 

Detritus,  rocks  formed  of,  108, 112 

Development  theories,  614,  616 

Deviilian,  656 

Devitrification,  62,  69,  94,  106,  108. 112, 
209,  277 

Devon,  granite  of,  529,  563 

Devonian  Rocks,  metamorphism  of,  563, 
504,  509,  570,  577,  699 ;  System,  693     . 

Dew,  impurities  in,  317 

Diabase.  150,151;  artificial,  279;  bosses 
of,  532 ;  glassy  condition  of.  535  ;  in- 
trusive sheets  of,  536 ;  segregation-veins 
of.  542  ;  alteration  of  into  schist,  580 

Diabase-aphanite.  150 

Diabase-porphyrite,  151 

Diaba8e-poq)hyry,  150 

Diabfts-schiefer,  150 

Diadema,  775,  810 

Diallage,  72 

Diallage-rock,  154 

Diast^fpora^  722,  775 

Diastrome,  461 

Diatom-earth,  170,  446 

DiceUograptuSf  661 

Diceras,  800 

Dioeratherium,  874 

Dioeratian  sub-stage,  801 

IHchohuney  847,  862 

IHchodon,  847,  862 

Dichograptus,  669 

Dichroism,  90 

Dichroite,  72 

Diclonius,  817 

Dicotyledons,  first  appearance  of,  708, 808 ; 
age  of,  843 

Dicranograptus,  661* 

DictyocariSy  662 

Dieroceras^  868 

Diciyograptus,  647,  654,  695 

JJictyonemaf  647,  654 

Dictyoneura,  732 

Dictyopteris,  733 

Dictyoxylon,  734 

Dieynodon,  762 

Didelphys,  851 

Didymaspisy  712 

Didymograpiuij  661* 

DikelocephaUUi  646* 

DiluviaC  887 

Diluvium,  894 

"  Dimetian/'  639 

Bimorphodon,  780 

Dingle  beds,  716;  foliation  of,  569 

Dinichthyf,  705,  710 
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IHnobolus,  689 

Dinomis,  923 

Dioonites,  773 

Diopside,  artificial  production  of,  284 

Dioptase,  artificially  formed,  285 

Diorite.  148;    weathering  of,  321,  322; 

bosses  of,  532 ;  intrusive  sheets  of,  536 ; 

conversion  of  into  schist,  532,  576,  580 
Diorite-Bchist,  129 
Diospyros^  851 
Dip  of  rooks,  494  ;  measurement  of,  495  ; 

how  affected  by  rapid  attouuiition  of 

strata,  480;   deceptive  appearance  of, 

496 ;  qua-qua-versal,  496,  501 
Dip-faults,  513 
Dip-joints,  488 
Dipliya-limestonc,  805 
DiplacanihuSf  710 
Diplograptus,  661* 

DiploporGy  767  • 

Diplopteruf,  704,  710 
Diploputy  847 
DiplosauruSf  815  , 

Diprotodon,  886,  923 
Diptera,  fossil,  790,  799 
Dipteronotus^  764 
Dipterus,  704,  709* 
Dipyre  Slate,  127 
"  Dirt-beds  "  of  Portland,  603,  799 
niscina,  647*,  663,  667*,  722,  799 
Diseinocaris,  662 
DUcUeSy  723 
Discoidea^  810 
ViscosauruSt  817 
Disintegration  {see  Weathering) 
Dislocation  (see  Fault) 
JMthyrocaris,  723 
Ditroite,  144 
Ditrupa,  792.  854 
Dog,  fossil,  861 ;  Neolithic,  920 
Dogger,  788,  804 
Dogger  Bank,  origin  of,  422 
Dogwood,  fossil,  809 
Dolerite,   152;   artificial,  279;    inlrusiva 

sheets  of,  536 
Doiichosaurusy  814 
Dolichos&may  752 
Dolinas,  342,  837 
Dolomite,  75,  120;  origin  of,  296,  384; 

artificial  formation  of,  285;   cavernous 

structure  of,  296 ;  rate  of  decay  of,  319 ; 

in  Carboniferous  Limestone,  718,  737  ; 

in  Permian  System,  754 ;  in  Trios,  758, 

768 
Dolomitic  conglomerate  (Trias),  473,  480, 

763 
Dolomitization,  120,296,718 
Dolphin,  fossil  species  of,  870 
Domite,  145 
Dorcalherium,  874,  885 
Dormant  volcanoes,  189 
Dormouse,  fossil,  861 
DorijcordaileSy  743 
Donjpyge,  658 


Dover  Strait,  bottom  of,  422 

Downton  Sandstone,  679 

Dragon-flies,  fossil,  777,  804' 

Drainage,  effects  of,  458 ;  influenoe  of  on 

river  discharge,  348 
Drainage-basins,  influence  of  permeability 

of  rocks  in,  upon  river-discharge,  348 ; 

character  of  river-water  in,  dependent 

upon  chemical  composition  of  rocks,  352 
Drainage-lines,  permanence  of,  936 
Dreissena,  871 
Dremotherium,  861,  884 
DricoceraSy  868 
Drift,  glacial,  894 
DromcUheriumj  762 
Dromosus,  885 
DromomUf  886 
Druid  stones,  329 
Drums,  drumlius,  894 
Drusy  cavities.  63, 101,  585 
Dryandray  859,  867 
Dryandroides,  859 
Dryolestesy  806 
DryopithecuSy  869,  870* 
Dunes,  308,  373,  459 
Dunite,  130, 156 
Dura  Den  Beds.  711,  715 
Dust,  in  the   air,  31;   erosion  by,  305; 

growth  of,  306  ;  influence  of  in  oonden- 

sation  of  water,  314 
Dust-showers,  311 
Dyas,  748 
Dykes,    195,    206.    231,    241,    537,  540; 

bleaching  of  rocks  at,  557 
Dynamical  geology,  4 

Eagle,  fossil,  886 

Eagle-stones,  175 

Earth,  form  and  size  of  the,  11;  move- 
ments of,  13;  excentricity  of  orbit  of, 

.  14,  22 ;  stability  of  axis  of,  15  ;  cliangea 
of  centre  of  gravity  of,  18 ;  secular  cool- 
ing of,  19,  55,  213,  270 ;  internal  tidal 
friction  of,  20 ;  envelopes  of,  30 ;  density 

•  of,  8,  43, 46 ;  crust  of  (see  Crust) ;  interior 
or  nucleus  of,  45,  270  (see  Interior  of 
the  Earth);  age  of,  56;  wrinkling  of 
surface  of,  caused  by  rotation  and  moon's 
attraction,  269;  contraction  of  due  to 
cooling,  270,  926 

Earth-pillars  of  the  Alps,  329 

Earth  i^uakes,  250 ;  velocity  of,  251  ;  dura- 
tion of,  252;  modified  by  geological 
htructure,  252;  extent  of  country  af- 
fected by,  253 ;  depth  of  source  of,  254  ; 
geologiod  effects  of,  255;  distribution 
of,  257  ;  connected  with  volcanic  erup- 
tions, 194,  257;  origin  of,  258,  343; 
relation  of  to  influence  of  moon  and  sun, 
259;  destruction  of  marlno  fauna  by, 
598 ;  connected  with  mountain-making 
933 

Earth-tremors,  250 

Earth-worms,  co-operation  of  in  the  forma- 
tion and  removal  of  soil,  326,  328,  439 
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Echialds,  order  of  appearance  of  in  time, 
616 

Echinobrissusy  775,  810 

MchinoconuSy  810 

JEdiinocarys,  828 

Echinoderms,  relative  yalue  of  as  fosaila, 
602 ;  early  forms  of,  647 

Echinoepherttes,  662 

Eclogite,  71. 129 

Ecuador,  volcanic  action  in,  201 

Edmondia,  723,  751 

Efflorescence  products,  313 

Egein  Beds,  864 

Egypt,  action  of  wind-blown  sand  in,  305 

Eifel,  volcanic  phenomena  of,  184,  185, 
188,  198.  217,  224,  227,  230,  559 

Eifelien,  701 

Elsdolite,  70 

Elasmosauruf,  817 

JTotcr,  789 

Elbe,  annual  discharge  of,  348 ;  salts  dis- 
solved in  water  of,  353;  sediment  in 
water  of,  357 

Elburz  Mountains,  slow  upheaval  of,  934 

Elements,  possible  compound  constitution 
of  the,  10;  chiefly  composing  earth's 
crust,  59 ;  native,  64 

Elephant,  early  migrations  of,  896,  917 

Elephas,  876*,  904.  915 

Elevation,  at  volcanic  vents.  216,  233 ; 
caused  by  earthquakes,  257;  secular, 
260 :  possible  causes  of,  260,  268,  280, 
319 ;  local,  from  hydration  of  beds  of 
anhydrite,  319;  influence  of  on  rivers, 
369 ;  of  sea- floor,  455 ;  evidence  of  from 
stratified  rocks,  494 ;  may  be  groat,  yet 
so  slow  as  not  to  deflect  rivers,  884, 934 ; 
may  be  imifoi-m  over  wide  areas,  927 ; 
and  denudation,  relative  importance  of 
in  contours  of  land,  925 

Elevation-crater  theory,  211,  224 

Elk,  920;  Canadian.  905 ;  Irish,  880,  918, 
920 ;  trails  of  the,  442 

EllipsocephaluSt  646* 

Elm,  fossil  forms  of,  838,  845,  874,  876 

ElonichthijB,  739 

Elotherium,  874 

Elton  Lake,  383,  384 

Eluvium,  308 

Elvan.  140,  539 

Embryology  and  Palseontology,  615 

Emerald,  artificial  formation  of.  284 

Empyreumatio  odour,  99 

Emu,  fossU.  886 

Emyda,  885 

Emys,  855,  862,  885 

EnaliochelySf  798 

EnaliomiSy  818 

Enaliosaurs,  778 

Enehoilus,  813 

Encrinite  Limestone,  169 

Encrinurii9j  662 

Encrinuiym,  761* 

Endocem^^WI' 

Endomorph0;^2,  66 


Endothyra,  746 

English  Channel,  sand-banks  of,  422 

Enstatite,  72;  in  meteorites,  9;  artificial 
production  of,  284 

Entdodon,  861 

Entomostra,  earliest  form  of,  652 

EntomU,  652,  662,  696* 

Eocene  system,  842,  844 ;  met  amorphism 
of,  573 

EohippuB,  616,  848 

Eohyus,  848 

EophyUmy  647 

EopterU,  660 

Eosaurus,  747 

EoscorpiuSy  731* 

Eozoon,  634 

J^hemeray  709 

Epiastery  828 

Epidiorite,  148 

Epidosite,  130 

Epidote,  72 

Epidote-rocks,  130 

Epigene  action,  300 

Epsomites,  291 

Equatorial  current,  313,  404 

Equinoxes,  precession  of,  14 

EquisetiteSy  789 

EquUetumy  758*,  772,  823 

Equusy  616,  877.  880 

EHnnySy  646*,  649 

Erosion,  contemporaneous,  469  (see  Denu- 
dation) 

Erratic  blocks,  159,  395,  890,  894,  897 

Eruptions,  volcanic,  conditions  of,  192; 
periodicity  of,  193 ;  general  sequence  of 
events  in,  193;  explosions  caused  by, 
197 ;  fissure  and  massive,  238 

Eruptive  rocks,  136,  521 

Erciliay  872 

Eryma,  792 

Eryon,  792 

Escarpments,  origin  of,  942 

Escharay  834 

Eskers,  899 

Esoxy  904 

Estheria,  096*,  714,  723,  760,  761* 

Estuarine  deposits,  371,  422 

Estuarlne  series  (Jurassic  of  Yorkshire), 
788,  795 

Stangs,  309 

Etna,  volcanic  phenomena  of,  180, 184, 187, 
191,  192,  193,  194,  195,  197.  205,  207, 
211.  212,  213,  214.  215,  216,  227,  231, 
233,  883 

Eucalyptocrinusy  662 

Eucalyptus,  808,  845 

Euchilusy  861 

EuchiroiauruSy  752 

Eudadia,  662 

Eudesia,  802 

EugeniUy  851 

EugnathuSy  792 

Eu'lysite,  130 

Euomphalusy  664,  676*,  697,  723* 

Euphoberi(iy  731 
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Eurite,  141, 139 

Eurite,  echisto'ide,  133 

Euritic  structure,  10^ 

Europe,  estimated  mean  height  of,  37,  38 ; 
great  plain  of,  42 ;  coast-line  of,  43 ; 
basalt  plateau  of,  241 ;  active  volcanoes 
of,  242 ;  earthquakes  of,  252,  253,  255  ; 
sand-dunes  of,  309,  310 ;  rivers  of,  346, 
349 ;  compoeition  of  river-water  of,  352  ; 
coast  accumulations,  373 ;  river  deltas 
of,  374  ;  lakes  of,  377  ;  glaciers  of,  389  ; 
sea  action  in  west  of,  410;  submarine 
platform  on  west  of,  435 ;  effects  of  de- 
foresting in,  441 ;  peat-mosses  of,  443 ; 
bog  iron  ore  of,  447 

,  Archa)an  rocks  in  central,  641  ; 

Cambrian  rocks  in,  654 ;  Silurian,  683 ; 
Devonian,  700;  Carboniferous,  743; 
Permian,  748;  Triasaic,  765;  Jurassic, 
786;  Cretaceous,  806,  819;  geographical 
changes  in  at  close  of  Mesozoio  time, 
840 ;  Eocene  rocks,  849, 855 ;  Oligoceno, 
861;  Miocene,  866;  Pliocene,  875; 
Pleistocene,  887 ;  glaciation  of,  888 

Eur  year  Cy  654 

Eurijlepis,  747 

EurijnotuB,  725* 

Eurypterids,  earliest  forms  of,  662,  677 

Enrypterus,  663,  696*,  710,  723 

EurytJterium,  861 

EuthacxinthuSy  713 

Evaporation,  how  regulated,  347 ;  rapidity 
of  in  coral  regions,  456 

Evergreen  oak,  fossil,  859,  876 

Evolution,  bearing  of  PalsBontology  on,  614 

Exccntricity  of  earth's  orbit,  effects  of, 
14  22 

Exo^yra,  111,  779*,  811* 

Expansion  of  rocks  by  heat,  275 

Explosions,  volcanic,  197,  203,  223;  rate 
of  wave  of  shock  from,  252 

Exsulans-zone,  655 

ExtracrinuSf  774* 

Exudation  veins,  93 

Fahoidea,  845 
Fabulariay  854 

Facies  of  organic  remains,  606,  626 
Fagw,  863 
Fahlbands,  590 

Falkland  Islands,  stone-rivers  of,  328 
False-bedding,  464 
Faluns,  870 
Fammenien,  701 

Fan-])alm,  fossil,  809,  844,  845,  859 
Fans,  alluvial,  366;  originate  salt-lakes, 
381 

Fan-shaped  structure  in  mountains,  504, 
931 

Faroe  Islands,  241 ;  large  stones  on  sea- 
bottom  near,  419 
Fascicularia,  878* 
Fasciolan'a^  841,  870 
Fault-rock,  161,  509 


511 ;  reversed,  571,  575,  744,  930 ;  rela- 
tion of  to  plication,  512,  930;  throw 
of,  512;  dip-faults,  513;  Btrike-fanlts, 
513 ;  heave  of,  514  ;  dying  out  of,  516; 
groups  of,  517 ;  step-faults,  517 ;  trough- 
faults,  518;  detection  and  tracing  of^ 
518 ;  connection  of  with  mineral  veins, 
589 ;  relation  of  to  suriaoe  cootouzB  of 
land,  930 

Fauna  (see  Animals) 

Favontesy  662,  695,  721 

Feel  of  rocks,  99 

Felis  pardoideSt  879 

Felsite,  141, 142 ;  intrusive  sheets  of,  536 

Felsitic  structure,  93, 108, 110, 130, 141 

Felsitoid  rocks,  130 

Felsophyre  structure,  93 

Felsospherulites,  141 

Felspar-basalts,  152 

Felspars,  68 ;  artificial  production  of,  278, 
284, 286 ;  decomposition  of  by  ram,  319 ; 
decomposition  of  by  rivers,  351 

Felspar-  and  mica-rocks,  133 

Felspathic,  96 

Felstone,  141, 142 

FenesUlla,  652,  663,  699,  722 

Ferns,  early  forms  of,  660,  708,  725 

Ferric  Oxide,  61,  67,  121,  174 

Ferrite,  114 

Ferrous  Carbonate,  75,  121,  175 

Ferrous  Oxide,  oxidation  of,  322,  337 

Ferrous  sulphate  in  natural  waters,  337 

Ferruginous  springs,  337 

Fetid  limestone,  119 

Feuerstein,  122 

Fibrous  structure,  95 

Ficm,  808,  850,  867 

Fiold.examination  of  rocks,  77 

Fig,  fossil,  808,  809,  845,  859,  876 

Fimbrlati  (Ammonites),  787 

Fire-clay,  163,  477,  719,  742 

Fire-damp,  298 

Fire-wells,  218 

Fim,  117,  888 

Firths  (8ce  Fjords) 

Fishes,  eariy  forms  of,  664,  678,  679,  680 

Fissility,  causes  of  in  rocks,  463 

Fissure-eruptions,  179,  238,  551,  837,  863; 
scenery  produced  by,  934 

Fissures  of  retreat,  293 

Fissures  of  the  earth's  crust,'508 ;  volcanic, 
194 ;  caused  by  earthquakes,  255 

FiBsurirostra,  834 

Fjords,  argument  from,  regarding  subsi- 
dence, 267 

Flahellana,  864 

FlahcUum,  866 

Flagstone,  162 

Flames  at  volcanoes,  183 

Flammenmcrgel,  835 

Flat-works,  590 

Fleckschiefer,  127,  564 

Flexures,  various  kinds  of  terrestrial,  927 

Flint,  GQ,  122, 170 ;  formation  of,  457,  809; 
implements  of,  913 
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Fliuty  slnte  {see  Lydian  stoue) 

FliDty  texture,  94,  97 

Floe-ice,  117,  407,  417 

Flood-plains,  origin  of,  368 

Flooda,  846,  347,  355,  356,  359,  388; 
lessened  by  lakes,  378 ;  caused  by  bur- 
rowing of  crayfish  and  rats,  440 ;  action 
of  on  rocks  and  soils,  321,  386,  490 

Flora  («cc  Plants) 

Flucan,  585 

Fluid-inclusions  in  minerals,  QQ^  101 

Fluorides,  75 

Fluorine  in  nature,  59 ;  at  volcanoes,  183, 
184;  facilitates  some  precipitates,  286 

Fluor-spar  (Fluorite),  75 

Fluttra,  854 

Fluvio-marine  crag,  879 

Fluvio-marino  series  (Isle  of  Wight),  861 

Fluxion-fitmcture,  111 ;  in  obsidian.  111, 
145 ;  in  quartz-porphyry.  111,  141,  292 ; 
imitated  by  shear-struoture,  5U6 

Flysob.  836,  844,  856 

Foliated  structure  (foliation),  95,  97,  123, 
298,  463,  508,  554;  in  contact  meta- 
morphism,  527,  563,  567;  in  regional 
metamorphism,  569 ;  relation  of  to 
cleavage,  bedding,  and  shear-structure 
508,  532,  567,  569,  579 

Folkestone  beds,  824 

Fontainebleaux,  sands  of,  860;  G:<^  dc, 
863 

Footprints  in  strata,  472 

Foraminifera,  earliest  forms  of,  661 ;  wide 
runge  of  in  time  and  space,  721 ;  glau- 
conite  filling  shells  of,  74,  423 ;  as  rock- 
buildcrs,  843,  855 

Foraminiferal  ooze,  169,  455 

Forellenstein,  154 

Forest-bed  Group,  878,  880 

Fore&t  Marble,  788,  795,  796 

Forests,  destruction  of  by  wind,  306 ;  by 
snow,  388 ;  effects  of  destruction  of,  439, 
441,  458;  protect  soil,  441;  arrest 
avalanches,  442 

Fossil,  definition  of  term,  595 

Fossilization,  600 

Fossils,  nature  of,  595 ;  petrifiaction  of,  839, 
600;  uses  of  in  geology,  603;  reveal 
changes  in  physical  geography,  603; 
as  indications  of  former  climates,  604 ; 
as  data  for  geological  chronology,  604, 
627 ;  general  succession  of,  607 ;  strati - 
graphical  use  of,  612,  627 ;  methods  of 
collecting,  621 ;  deformation  of,  290, 699: 
in  mctamorphio  rocks,  295 ;  weathering 
out  of,  in  limestone,  321 
Fox,  fossil  forms  of,  847, 880,  905 ;  Arctic, 
896,  917 

Fox  Hills  Group,  838 
Foyaite,  144 
Fracture  of  rocks,  97 

Fragmental  Rocks,  158;   organically  de- 
rived, 167;  volcanic,  164, 186 
Fragmental  structure,  95, 158 
France,  average  height  of,  88;  volcanic 


phenomena  of  (we  under  Auvergne); 
dunes  of,  309;  fertilisation  of  soil  by 
rain  in,  316 ;  river-floods  of,  346 ;  river- 
terraces  of,  369;  deltas  of,  374;  depth 
of  wave  action  in  seas  of,  407 ;  effect  of 
deboisement  of,  441 ;  arrest  of  dunes  on 
coast  of  by  planting  pine  woods,  441; 
peat-mosses  of,  444 

Archaean  rocks,  641;    Cambrian, 


656;  Silurian,  689;  Devonian,  700, 702 ; 
Carboniferous,  743;  Permian,  756; 
Triassic,  765 ;  Jurassic,  799 ;  Cretaceous, 
829 ;  Eocene,  852 ;  Oligocene,  863,  865 ; 
Miocene,  870;  Pliocene,  881;  ancient 
glaciers  of,  892,  905;  Pleistocene  de- 
posits, 905 ;  PalsBolithic  deposits,  921 ; 
Neolithic  deposits,  921 

Frasnien,  701 

Freestone,  162 

Fresh-water  limestone,  169 

Friable  condition  of  rocks,  97 

Friendly  Islands,  volcanoes  of,  189 

Frische  Haf,  372 

Frogs,  fossil  species  of,  873 

Frondiculariaj'  792 

Frost,  effects  of,  on  rocks  and  soils,  388 
effects  of  on  rivers,  356 ;  effects  of  on 
marine  fauna,  599 

Fruchtsohiefer,  127.  564,  565 

Fucoidal  Sandstone  of  Sweden,  647 

Fulgurites,  303 

Fuller's  earth,  164 

Fuller's  earth  (stage  in  Jurassic  system), 
788,  795;  extirpation  of  organisms 
during  deposit  of,  621 

Fumaroles,  182,  212 

Fundy  Bay,  bore  of;  403 

Fusibility,  relative  order  of,  among  the 
minerals  of  igneous  rocks,  279,  284 

Fusion,  minerals  formed  from,  62,  71; 
experiments  in,  71,  276;  possibly  a 
cause  of  upheaval,  268;  of  rocks  by 
crushing,  275;  effect  of  in  enabling 
rocks  to  dissolve  mineral  substances, 
278  ;  dry,  276 ;  aquo-igneous,  284 ;  by 
eruptive  rooks,  532.  536,  559,  562 

Fusion-temperature  of  crystallized  sili- 
cates higher  than  that  of  their  glass,  278 

Ftundina,  721 

Fiwu?in€Ma,  746 

Fusus,  796,  812,  825,  845,  810*,  800,  872, 
878,  880* 

Gabbro,  154;  native  iron  in,  65;  schist* 
050, 129  ;  alteration  of  into  schist,  580 

Gadolinitc,  284 

Gaize,  832 

Galeocerdoj  855 

Galerites,  810 

Galethylax,  861 

GaUutiiy  907 

Gallicia,  rock-salt  deposits  of,  ll7 ;  petro- 
leum of,  219 ;  Silurian  rocks  of,  690 

Gallus,  884 

Gangamapterii,  767,  771 
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Ganges,  annual  rise  of,  346 ;  sediment  in 
water  of,  357;  delta  of,  376;  rate  of 
denudation  by,  428 

Gangue,  585 

Gannister,  164 

Gannister-beds,  736,  742 

Oanodus,  796 

Garbenscliiefer,  127 

Garnet,  73 ;  artificially  formed,  278 ;  ex- 
periments in  fusion  of,  280 ;  formed  by 
contact  mctamorphism,  562,  564,  565 ; 
in  wliet-slate,  568;  in  regional  mcta- 
morphism, 569 

Garnet-rocks,  129 

Gurumnicn  (Cretaceous),  830,  834 

Gas-cavities  of  crystals,  101 

Gas-springs,  218 

Gus-spurts,  473 

Gases  in  earth's  interior,  46 

Gash-veins,  590 

Gasteropods,  earliest  forms  of,  649 

Oaudnjina,  808* 

Gault,  820,  821,  824,  831,  835,  836 

Gavialis,  855 

(laylussite,  fonned  in  bitter  lakes,  385 

Gazelle,  fossil,  876,  884 

Gcdinnion,  702 

Geloctis,  861 

Genesee  Group,  704 

Geneva,  Lake  of,  seiches  of,  377 ;  tempera- 
ture of,  378  ;  subaqueous  platform  of,  379 

(Tcognosy,  4 

Geological  chronology,  604 

Geological  energy,  derived  primarily 
from  the  sim,  178  ;  possible  former 
greater  vigour  of,  3,  19, 177 

Geological  Record,  nature  of,  626 ;  imper- 
fection of.  610,  629 ;  subdivision  of  by 
means  of  fossils,  612 ;  leading  divisions 
of,  631 

Geological  sections,  drawing  of^  41 

Geological  Society  of  Loudon,  6 

Geology  defined,  1 ;  Cosmical,  6 ;  Dynami- 
cal, 177 ;  Grcotectonic,  461 ;  Palioonto- 
logical,  505;  Stratigraphical,  626; 
PJiy Biographical,  924 

Georgian  formation,  657 

Geotectonic  Geology,  4,  461 

Germany,  Archajan  system  in,  641 ;  Cam- 
brian, 655 ;  Silurian,  690;  Devonian,  700 ; 
Carboniferous,  745 ;  Permian,  754 ;  Tri- 
assic,  765;  Jurassic,  803;  Cretaceous, 
834;  Oligocene,  864;  Miocene,  871; 
Pliocene,  881 ;  Glacial  phenomena,  887, 
890,  892,  895,  898,  904;  PalrooUthio 
deposits,  922 

Gervinia,  760,  775 

Geyserite,  122 

Geysers,  206,  218 

GJiarialis,  885 

"Giants' Kettles,"  400 

GiqantosauruSf  798 

Guberifocrinus,  722 

Giiilgo,  809 
07ra/fb,  foann,  870,  884 


Givetien,  701 

Glacial  action,  in  Cambrian  time  (?X 
645 ;  in  Old  Bed  Sandstone  (?),  715 ; 
Permian,  749,  753 ;  Triaasic,  771 ;  Cre- 
taceous, 856;  £ooene,  856;  Post-Ter- 
tiary, 887 

Glacial  deposits  of  sand  and  gravel,  pos- 
sible origin  of,  898 

Glacial  Period,  influence  of  on  the  higher 
Tertiary  fauna,  843,  901 ;  acooont  of, 
887 

Glacial  periods,  succession  of,  21,  28 

Glaciation  of  northern  hemisphere,  396 

Glacieres,  334 

Glacier-ice,  117 

Glaciers,  388 !  motion  of,  389 :  variations 
in  size  of,  390 ;  of  the  first  order  (valley 
glaciers),  390;  of  the  second  order 
(corrie  glaciers),  391 ;  recemented,  391 ; 
work  done  by,  392 ;  transport  by,  392 ; 
tables,  394;  erosion  by,  897,  889,  893; 
sediment  produced  by,  401,  402;  Arctic, 
389,  391,  397,  400,  408,  420 

Gl'arnish,  double  fold  of  the,  503 

Glass,  lower  specific  gravity  of  as  com- 
pared with  crystalline  condition,  277, 
280 ;  alteration  of  by  superheated  water, 
285 ;  volcanic,  196 

Glass-inclusions  in  crystals,  104 

Glassy  condition  of  minerals,  62 ;  of  rocks, 
93, 106,111,  136,  152,  210,277,280,  535, 
542 

Glassy  structure,  93, 136, 196 

Glauconite,  74;  on  sea-floor,  423;  re- 
placing organic  remains,  601,  809 ;  dif- 
fusion of  in  Cretaceous  system,  807 

Glauconitic  mad,  821,  826 

Glauconitic  sandstone  (greensand),  162 

Glauconome,  668,  722 

GleicJienia,  808 

Glengarift'  grits,  716 

Globigerina,  808* 

GlobuUtes,  107 

Glo88ograptu8,  685 

GlossopierU,  747,  757,  771 

GlossozamiteSf  773 

Glutton,  fossil,  880,  896,  917 

Glyphsea,  792 

Glyptarca,  653 

GlypUchus,  801 

Glyptician  sub-stage,  801 

Glyptocrinus,  662 

Glyptodendron,  660 

Glyptodon,  923 

GlyptoUsmuSf  710 

Glyptolephf  710 

GlypiopomuSf  710 

Glyptoeteusj  704 

Glyptostrobus,  867,  875* 

Gneiss,  132,  135.  633;  origin  of,  800,  531 ; 
formed  by  contact-metamorphism,  563, 
564 ;  relation  of  to  granite,  531,  543, 576, 
579 

Gofiered  schists,  564 

GomphoceroBj  697 
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€k)ndw&na  system,  757 

Omiaster,  793 

QotiiatUes,  687,  697,  720,724*,  770 

Chntobasisj  839 

Oonioglyptus,  771 

Goniomya,  795 

Ganiopholis,  778,  799,  815 

Goniophora,  664,  676* 

Gosau  Beds,  836 

Gossan,  65 

ChrcLculuSf  885 

Graham's  Island,  233,  237 

Grammysiaf  677,  697 

Granite,  138 ;  drosy  minerals  of,  62, 101 ; 
absorbent  power  of,  282;  consolidated 
under  great  pressure,  103,  284,  526; 
consolidated  at  a  comparatively  low 
temperature,  284;  weatnering  of,  321, 
322 ;  weight  of  in  air  and  in  sea-water, 
411 ;  joints  of,  490;  presence  of  at  sur- 
face, due  to  denudation,  526 ;  bosses  of, 
526;  various  ages  of,  527;  occurs  in 
central  parts  of  mountain  chains,  527 ; 
metamorphism  around,  527 ;  enclosures 
in,  133,  529,  540;  connection  of  with 
volcanic  rocks,  529,  581 ;  possibly  me- 
tamorphic,  530 ;  relation  of  to  gneiss, 
531,  543,  576,  579;  veins  of,  538,  542; 
foliated,  543 ;  rate  of  expansion  of  with 
heat,  275,  304;  once  regarded  as  the 
oldest  rock,  526 

Granitite,  139 

Granitoid  (granitic)  structure,  92, 109, 137 

Granophyre  (granite-porphyry),  140 

Granophyre  structure,  93 

Granospherulites,  141 

Granular  structure,  93, 136, 153 

Granulite,  133,  135,  140 

GranuUtic,  109 

Grapes,  fossil  seeds  of,  862 

Graphite,  64, 174,  635 

Graptolites,  606,  647,  661,  666,  695,  705, 
707 

Graptolitc-shales  of  Silurian  system,  620 

GraptolUhus,  661* 

Grasshoppers,  Jurassic  fonns  of,  777 

Grauwacke  Bocks,  658 

Gravel  and  Sand  Bocks,  158 

Gravel  as  an  indication  of  a  shore-line, 
472 

Great  Oolite,  788, 794,  795 

Great  Salt  Lake,  813,  381,  383,  884 

Greece,  metamorphism  in,  576 ;  Pliocene 
deposits  of,  883 

Green,  as  a  colour  of  rocks,  98,  423^ 

Green  Mountains,  metamorphism  in,  577 

Green  mud  of  sea-floor,  423 

Greenland,  native  iron  of,  65 ;  subsidence 
of,  268 ;  action  of  frost  in,  386 ;  glaciers 
of,  389,  391,  897 ;  Cretaceous  climate  of, 
808 ;  Cretaceous  flora  of,  840,  868 ;  Mio- 
cene deposits,  873 

Greensand  (Cretaceous  System).  821,  824 

Greensand  of  Cambridge,  815,  818,  821, 
826 


Greenstone,  148, 152 ;  bosses  of,  532 

Greisen,  140 

Gr^  Armoricain,  656,  689 

Gr^  bigarr^,  766 

Gr^s  des  Vosges,  767 

Grewlya,  111 

Grevillea,  850 

Grey  Chalk,  826 

"  Grey  Wethers,"  320,  329 

Grey  colour,  origin  of,  among  rocks,  98 

Greywacke,  112,162 

Greywacke-slate,  126 

Griffithides,  723 

Grit,  162 

Gritty  structure,  96 

Grizzly  bear,  fossil,  906,  920 

Ground-ice,  117,  386,  407 

Ground-mass  of  rockis,  92 

Ground-swell,  405 

Group  (in  stratig^phy),  630 

Grundmorane,  395,  401,  894 

Gru8,  884 

Gryphsstty  776* 

Gryphite  limestone,  777 

Guano,  170,  457 

Guatemala,  volcanic  action  in,  185 

Gulf-stream,  27,  404,  410,  419 

Gulo,  917 

Gum-trees,  fossil  {Eucalyptus),  859 

Gymnograptus,  685 

Gypseous,  96 

Gypsum,  75,  120,  217,  764;  absorbent 
power  of,  282 ;  reduction  of,  318 ;  amount 
brought  up  by  some  springs,  341 ;  solu- 
bility of,  319 ;  formation  of  from  hydra- 
tion of  anhydrite,  319;  precipitation  of, 
383,  384,  385 ;  of  Paris  basin,  855 

GyracanthuSj  731 

GyrocercLf,  697 

Gyrodus,  799 

GyrogoniteSf  861 
GyrolepiSt  760 

Hade  of  faults,  204,  610 

HadrosauruB,  817 

Hajmatite,  67, 121, 636;  artificially  formed, 
285 

Huil,  387 ;  said  to  be  increased  by  destruc- 
tion of  forests,  439 

Ilakeoy  873* 

Halcyornis,  845 

HdUotis,  858 

Halitherium,  879 

H'alleflinta,  130 

Halobia,  768 

Haionia,  728 

HcUysites,  662 

Hamilton  group,  704 

Hamites,  813,814* 

Hare,  fossil  forms  of,  873,  917;  Alpine, 
917 

Harlech  series,  651 

Harpesj  672,  700 

Harpoceras,  789,  793*,  794* 

Harz,  metamorphism  in  the,  564 ;  Silurian 
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rocks  of,  690 ;  Devonian,  694,  702 ;  Per- 
mian, 754 ;  Cretaceous,  835 

Hastings  Sand,  821,  823 

Haughtonia,  G54 

Hauterivicn  (Neocomian),  830 

Hauync,  72 

Hawaii,  volcanic  phenomena  of,  184, 192, 
193,  200,  205,  207,  208,  209,  211,  215, 
229,  236,  243,  250 

Hazel,  fossil,  874,  880,  907 

"  Head  "  of  southern  England,  327 

Headlands,  origin  of,  43 

Headon  Beds,  861 

Heat,  effects  of  on  rocks,  273,  275;  in- 
creases solvent  power  of  water,  283 

Heave  of  faults,  514 

Hedera,  853 

Hedgehog,  fossil  forms  of,  847 

Heersien  (Eocene),  853 

Hekla-Hook  Formation,  716 

Heldcrbcrg  Foiination  (lower),  691; 
(upper),  704 

Ildianthaster,  696 

Helicocercufy  813 

Hdicotoma^  664 

Heligoland,  waste  of  coast  of,  414 

Heliolites.  668,  701 

Helix,  839,  861,  871,  880,  904,  916 

UeUadoiherinm,  869*,  876 

Helvetian  (Miocene),  871,  873 

Ilemiasins,  663,  677 

Hemiaster,  810 

Hemibottj  885 

Hemicid<iri$,  796 

Hemicofmites,  662 

Hemipedina^  775 

Hemipneustes,  810 

Hemiptera,  fossil,  732,  790,  799,  803 

Hemisphere,  Southern,  preponderance  of 
water  in,  12  ;  ice-cap  of,  18 

Hempstead  Beds,  861 

Herculaneum,  mud  lavas  of,  185,  216 

Hercynian  gneiss,  641 

Hesbayan  (Pleistocene),  906,  916 

Hesperomis,  818* 

Heterocetiui,  871 

Heierodiadema,  830 

Heterohyus,  847 

HeterophyUi  (Ammonites),  787 

Heteropods,  early  forms  of,  649 

Heleropora^  796 

Hettangian  stage  (Infra  Lias),  803 

Hcgcacrinu9j  700 

Hickory,  fossil,  809,  876 

High-water  mark,  402 

Uiahtea,  845 

Hills  of  circumdenudation,  930 

Hils  (Neocomian),  884 

Himalaya  Mountains  (see  India),  height  of 
snow-line  on,  388;  proofs  of  slow  up- 
heaval of,  884,  934 

Himantopterm,  680 

Hinnites,  796 

Jljjpparion,  877* 


Eippopodium,  776* 

Hippopotamus,  870,  876,  S96,  915 

Hippotherium,  871,  882 

Hippothoa,  663,  796 

Hippurites,  811 

Hippurite  limestone,  807,  812,  833,  836, 
837 

HippurilidXf  812 

Hirnant  limestone,  668 

HiHtioderina,  654 

Historic  Period,  913 

Hoang-Ho,  rate  of  denudation  by,  428 

Hoar-frost,  impurities  in,  317 

Hog.  fossil,  869,  874  ;  Neolithic,  920 

Holaster,  810 

Holectypus,  796 

Holland,  subsidence  of,  268 ;  sand-dunes 
of,  310 

Holocrystalline  structure,  92, 109 

Holocydify  809 

Holopaia,  664 

HolopeUa,  664 

Hohptychius,  698,  710 

Hdothuridsi  in  Carboniferous  system,  625 

Hwmlonotm,  662,  675*,  696* 

Hamocamelu8,  886 

Homomya,  802 

Homotaxis,  607,  610 

Honestone,  127 

Hoplopiiria,  851 

Horizon,  definition  of  a  geological,  613, 
630 

Hornbeam,  fossil,  845,  882 

Hornblende  in  meteorites,  9;  described, 
71 ;  experiments  with,  280 ;  weathering 
of,  318,  319  ;  development  of  in  regional 
metamorphism,  569 ;  presence  of  metal- 
lic ores  in,  588 

Hornblende- andesite,  148 

Hornblende-rocks,  129,  135 ;  fossiliferous, 
569,  571 

Homstone,  122 

Hornwort,  fossil,  880 

Horny  texture,  94 

Horse,  genealogy  of,  616,  847,  848,  873, 
874,  876;  remains  of  domesticated  in 
Neolithic  deposits,  920 

"  Horses*  backs  "  of  coal-fields,  467 

Human  Period,  912 

Humous  acids,  action  of,  317,  334,  335, 
423,  437,  447,  457 

Humus,  origin  and  influence  of,  297,  306, 
326,  437,  438,  442 

Hungary,  volcanic  phenomena  of,  218 

Huronian  rocks,  634,  642 

Huttonian  School  of  Geology,  273 

Hyeemoschtis^  861 

Hyrona,  fossil,  877,  880,  896,  905,  917, 921 

Hymnarctos,  869,  881 

Hysenictis,  883 
Hyxmdon,  861,  874,  885 
Hyalinia,  861 
Hyalite,  217 
Hyalomelan,  153,  542 
Byhodm,  760,  778,  813 
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wOierium^  885 

oodon^  874 

iion  by  rain,  319,  326;  by  under- 

nd  water,  338 ;  rise  of  temperature 

crusliing  of  rocks  from,  274 

alio  limestone,  118 

alio  pressure  of  breakers,  412 

Wd,  839,  879 

3arbons,  gaseous,  in  nature,  183, 

J^halus,  657 

shioric  acid  at  volcanic  vents,  183, 

luorio  acid  in  rock-analysis,  83 

Quosilicic  acid,  84 

gen,  distribution  of,  59 ;  in  meteo- 

,  9,  245  ;  at  volcanic  vents,  183,  235 

-mica-schists,  130,  131 

tachylite,  153 

•thermal  action,  284 

Hiurus^  813 

*mu8^  752 

ocaris,  618* 

loptera,  fossil,  803 

ic«,  655,  664 

\amm,  847,  860,  874 

Hum,  ^iJS 

}dapedon,  760 

ithene,  72 

sthene-andcsitc,  154 

}thenite,  151 

ene  action,  178 

wie,  648 

ophodoTij  813 

frymnopsisj  762 

UU8,  861 

)therium,  847,  862 

B,  883,  917 

Beds,  821 

ossil,  905 
3d,  789 

arieties    of,    117;   terrestrial,  385; 
aic,  407,  417,  420 
e,  887 

),  effect  of  Polar,  18,  260 
es,  334 

jnpled  rocks,  893,  897 
sion,  397,  417 
,389 

t,  117,  407,  417,  420 
ets,  388,  389,  391,  397,  408,  409, 
889 ;  supposed  effect  of  on,  in  pro- 
ng terrestrial  subsidence,  271 
m  rock-surfaces,  398 
J8,  117,  392,  408,  417 
I,  volcanic  phenomena  of,  180,  184, 
195,  202,  207,  213,  218,  219,  223, 
232,  241,  243 
frni\  818,  822' 
38aurs  as  type-fossils,  606 
murus,  765,  778,  782*,  815 
tttm,  883 
»,  72,  562 
8  locks,  115, 136,  521 


Iguaaodon,  798,  813,  816* 

Ilex,  fossU,  809,  867.  876 

Ilfracombe  group,  699 

lUxnopsis,  666 

lUxnuruSy  658 

lllxnus,  662,  663* 

Inclination  of  rocks,  494 

Indcrtsch,  Lake,  383 

India,  volcanic  plateaux  of,  241,  551,  837 ; 
earthquakes  of,  256  ;  lagoon-barriers  of, 
372 ;  delta-accumulations  of,  376 ;  Ar- 
cha)an  rocks  of,  642  ;  Silurian,  692 ;  Per- 
mian, 757 ;  Triassic,  771 ;  Jurassic,  806 ; 
Cretaceous,  837  ;  Eocene,  857  ;  Miocene, 
874 ;  Pliocene,  884 ;  Glacial  Period  iu, 
911 

Induration  by  weathering,  330 ;  by  erup- 
tive rocks,  558 

Inferior  Oolite,  788,  793 

Infiltration  products,  69 

Infra-cretaceous  series,  830 

Infra-lias,  765 

Infra-littonil  deposits,  422 

Infusorial  earth,  170.  446 

Inoceramus,  811* 

Insects,  fossil  forms  of,  6;j5,  709,  731,  777, 
781*,  789,  796,  799,  803,  804,  864,  873 

Interbedded  eruptive  rocks,  522,  548 

Interglacial  periods,  28,  888,  895,  907 

Interior  of  the  earth,  probable  condition  of, 
45,  51,  214;  heat  of,  47;  more  rapid 
contraction  of,  270 

Intrusion,  law  of,  525 

Intrusive  eruptive  rocks,  522,  524,  533; 
increase  of  temperature  from,  275 

Inversion  of  strata,  502 

Iodine  at  volcanic  vents,  181 

lolite,  72 

Ireland,  basalt  •  plateau  of,  241,  862  ; 
granites  of,  528 ;  Archasan  rocks  of,  638 ; 
Cambrian,  653 ;  SUurian,  671,  683 ;  Old 
Red  Sandstone,  712,  716;  Carbonife- 
rous, 740 ;  Lias,  792 ;  Cretaceous,  829 ; 
Oligocene,  862 

Iris,  863 

Iron,  occurrence  of,  9,  61,  65,  75, 121, 153 ; 
cosmic  and  telluric  forms  of  native,  65, 
153;  oxides  of,  67,  337,341;  carbonate 
of,  75, 318,  601 ;  di-sulphide,  75 ;  decom- 
position effected  by  decay  of  sulphide 
of,  76,  318,  337,  422 ;  chloride  of,  184, 
212, 218 ;  sulphate  of,  213, 237;  the  great 
pigment  in  nature,  98,  162 ;  corrosion  of 
by  sea-water,  410 

Iron  Age,  913,  919 

Iron-disulphide  in  marine  mud,  422 ;  con« 
cretions  of,  476 

Iron-ores,  65,  67,  75,  174;  oolitic,  175; 
lacustrine,  379,  447 

Iron-vitriol  in  natural  waters,  337 

Ironstone,  67,  75, 121,  174, 175, 601 ;  often 
indicative  of  the  action  of  organic 
matter,  447 ;  collecting  of  fossils  from, 
624 

Irrawaddy,  sediment  in  water  of,  357 
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Irtiscli,  erosion  of  right  bank  of,  13 

Isastnea,  774* 

hchadilesy  G61 

Ischia,  eruptions  of,  190 ;  earthquakes  of, 
253 

IschyoduSy  778 

Islands,  nature  of  oceanic,  33,  242 

Isle  of  Wight,  monocline  of,  501 

Isocdrdia,  811,  881 

Isoclmal  folds,  503,  930 

Isogeotherms,  48,  271,  273 

liotelus,  672 

Isothermal  lines,  affected  by  the  sea,  409 

Isotropic,  90, 106 

Istria,  terra  rosea  of,  325 

Itacolumite,  127 

Italy,  volcanic  phenomena  of,  191 ;  river 
action  in,  3G8,  374;  Jurassic  rocks  of, 
805 ;  Eocene.  223,  224,  243,  855  ;  Oligo- 
ceue,  865 ;  Miocene,  873 ;  Pliocene,  882 

lulus,  731 

Ivy,  fossil,  809 

Jackson  Beds,  857 

Jade,  129 

Jamaica,  earthquake  at,  252 

Jame8oni-be<l,  789 

Janassa,  743 

Janira,  826,  883 

Japan,  active  volcanoes  of,  242;  earth- 
quakes of,  251 

Jasper,  122 

Java,  volcanic  action  in,  185, 187, 217,  218, 
226,  243 

Jerboa,  fossil,  917 

Joints,  experiments  illustrative  of,  293; 
influence  of  in  underground  circulation 
of  water,  332;  influence  of  in  river 
erosion  362 ;  influence  of  in  the  action  of 
frost,  386 ;  influence  of  in  formation  of 
cliffs,  415,  490,  939 ;  resemblance  of  to 
stratification,  464;  description  of,  486; 
iu  stratified  rocks,  487;  cause  of,  490; 
in  massive  (igneous)  rocks,  490;  in 
schistose  rocks,  494;  influence  of  in 
origin  of  scenery,  936,  937,  940 

Jolly's  spring-balance,  82 

Jorullo,  slow  coolinpf  of  lava  at,  213 

JugUins,  844,  863,  867 

Juglandites,  853 

Juniperus,  fossil,  809 

Jura  Mountains,  Cretaceous,  836 ;  flexures 
of.  928.  929 

Jurassic  rocks,  771, 799 ;  motamorphism  of, 
570,  577 

Jurassic  System,  771 

Jurensis-bed,  789 

Juvayiau  province  (Trias),  769 

Eame  group,  899 
KampecariSy  710 
Kamtschatka,  volcanoes  of,  242 
Kaohn,  69,  73,  163 
Kellaways  rock,  788,  796 


Kcrsantite,  150,  564 

Keuper,  762 

lOiotan,  dust  of,  307 

Kieselguhr,  67,  170 

Kieselschiefer,  122, 127 

Kieselsinter,  122 

Kilauca  (see  Hawaii) 

KUIas,  699 

Kiltorcan  beds,  716 

Kimmeridsian,  788,  798 

Kingena^  825 

Kinzigite,  130 

Kirhhya,  723 

Kjokkcn  -  modding,    or    shell-moaiids   of 

Denmark,  922 
Knorria,  700,  716,  728 
Knotted  schist  (Knotenschiefer),  127,  563, 

565 
Kiissen  Beds,  768 
Krakatau,  198,  199,  312 
Kugeldiorit,  148 
Kupferschiefer,  582,  749,  754 
Kurile  Islands,  236,  242 
Kurische  Haf.  372 
KutorgiiMi  649 
Kyanite-rock,  129 

Labrador,  anchor-ice  at,  407 

Labrador-porphyry.  150 

Labradorito.  69 ;  in  meteorite?,  9 

Labyrinthodonts,  732,  751,  760 

Laccolito,  532 

Lackenian,  855 

Lacoptcris,  835 

Ladakh,  salt-lakes  of,  381 

Lxlapf,  817 

I^ago  Maggiore,  depth  of,  378 

Lagomys,  881,  917 

Lagoon-barriers,  871 

Lagoons  (boracio  acid)  of  Tuscany,  218 

Lake  Bonneville  (ancient  extension  of 
Great  Salt  Lake),  381 

Oomo,  erratics  around,  396 

Erie,  future  lowering  of,  364 

Geneva,  temperature  of,  378 

Huron,  terraces  of,  911 

Lahontan  (Great  Salt  Lake),  382, 

385 

—  Michigan,  dunes  of,  310 

Superior,  size  of,  378 ;  dunes  of,  379 ; 

terraces  of,  911 

Thun,  alluvium  of,  370 

Lake  District,  metamorphism  in,  563 

Lake-dwellings,  922 

Lake-ore,  175 

Lake-terraces,  911 

Lakes,  exceptional  to  normal  system  of 
erosion,  377 ;  origin  of,  941 ;  formed  by 
lava-streams,  213 ;  by  explosions,  224 ; 
by  earthquakes,  256;  by  solution,  342; 
by  subsidence,  343 ;  by  ice-erosion,  356, 
400;  by  beaver-<lams;  440;  fresh-water, 
377 ;  abundant  in  glaciated  regions,  377, 
400,  893,  899,  942 ;  oscillations  in  level 
of,  377;  affected  by  earthquakes,  256; 
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temperature  of,  377 ;  geological  functions 
of,  378 ;  filter  river-water,  359, 371, 378 ; 
deltas  in,  370;  influence  of  winds  on, 
378;  waves  of,  313;  beaches  and  sand- 
dunes  of,  310,  379,  749;  deltas  in,  370; 
chemical  deposits  of,  379;  organic  re- 
mains preserved  in,  379;  pelagic  fauna 
of»  379 ;  marl  of,  380  ;  recent  origin  of, 
380 ;  salt  and  bitter,  380 ;  freezing  of, 
386 ;  preservation  of  organic  remains  in 
deposits  of,  597;  former  existe'nce  of 
proved  by  fossils,  603;  filled  up  by 
vegetation,  443,  444 ;  marl  of,  169,  380, 
448;  traces  of  in  former  geological 
periods,  711,  858,  859,  863,  865,  867, 874 

Lama,  fossil,  923 

Lamantin,  fossil  species  of,  870 

Lamellibranchs,  earliest  forms  of,  649 

Lamintc,  461 

Laminated  structure,  95 

Lamination,  463 

Lamna,  813,  845.  847*,  881 

Land,  antiquity  of,  12,  426 ;  total  area  of, 
36 ;  distribution  of,  36 ;  average  elevation 
of,  37 ;  relief  of,  38 ;  origin  of  trend  of 
principal  masses  of,  270;  origin  of  the 
material  constituting  the,  924 ;  owes  its 
exiitenco  to  upheaval,  924 ;  minor  con- 
tours of,  due  to  erosion,  925 ;  features  of, 
due  to  disturbance  of  the  crust,  927; 
features  of,  duo  to  volcanic  action,  934 ; 
features  of,  due  to  denudation,  935 

Land-shells,  oldest  fossil,  710,  732 

Land-surfaces,  traces  of  supplied  by  fossils, 
265.  472,  603,  604,  711 

Landslips,  caused  by  earthquakes,  255, 
257;  by  solution  of  rock-salt,  342;  by 
percolating  water,  343;  effects  of  on 
rivers,  335 

Landenien  (Eocene),  852,  853 

Langhien  (Miocene),  873 

Laopteryx,  785 

Laonaurus,  806 

Lapilli,  165,  187 

Laramie  group,  807.  838.  839 

Larch,  fossil,  907 

Lastr/ea,  862 

Laterite,  164 

Laurel,  fossil,  809,  845,  850.  859,  867,  876 

Laurentian  rocks,  634,  642 

Lava,  nature  of,  185 ;  hydrostatic  pressure 
of,  195,  204;  influenco  of  liquidity  of, 
on  explosions,  200;  streams,  202,  207; 
cau.so  of  outflow  of,  203 ;  "  geysers  "  of. 
205 ;  rate  of  flow  of.  206 ;  "  tunnels  "  in. 
207 ;  varying  liquidity  of.  207 ;  order  of 
crystallization  of.  209,  236 ;  temperature 
of,  210;  metamorphism  produced  by, 
210,  214;  inclination  and  thickness  of 
streams  of,  211,  224,  550;  structure  of 
streams  of,  211;  vapours  and  sublima- 
tions of.  212;  slow  cooling  of,  213; 
effects  of  on  topography.  213 ;  shattered 
by  contact  with  water,  214 ;  weathering 
of,  215;   cones  formed  of.  228,  546; 


domes  of,  230;  order  of  succession  of 
different  kinds  of,  236.  249;  sub-aerial 
and  submarine,  236;  fissile  structure 
developed  in,  by  drawing  out  of  steam- 
cavities.  463 

Lawinen  (Avalanches).  388 

Layer  (of  rock),  630 

Leaia,  723 

Leda,  723,  792.  851,  871,  880,  902* 

LegnonotuSy  765 

Leiodon,  814 

Leithakalk  (Miocene),  872 

Lemming,  917 

Lenita,  854 

Leopard,  ancient  migrations  of,  896,  917 

Leperditia,  655,  662,  723 

Lepidagter,  662 

Lepidodendran,  606,  660,  701,  708,  725, 
728*,  750 

Lepidolite,  70 

Lepidophloios,  728 

LepidophyUum,  733 

Lepidoptera,  early  forms  of,  731 

Lepidopteris,  110 

Lepidosirohify  121,  728* 

Lepidotosaurus,  751 

Lepidotus,  llSy  823 

Leptxna,  663,  670*,  697,  775* 

Lepthyxna,  885 

Leptinolite,  564 

LeptdboSy  885 

Leptodomus,  723 

Leptodoiit  883 

Leptolepis,  778 

LeptomeryXy  874 

LeptophUumy  708 

Leptynite,  133 

Lepm,  883 

Lettenkohle,  766 

Leucite,  70 ;  artificially  formed,  278,  284 

Leucito-rocks,  155 ;  artifically  formed,  278, 
279 

Loucitite,  155 

Leucitophyre,  155 

Leucoxene,  68 

Levant,  cause  of  desiccation  of,  439,  441 

Level-course  in  mining,  498 

Lewisian  group,  637,  686 

Lherzolite,  130, 156 ;  artificial,  279 

Lias,  788 

Ijiassian  Stage  (Middle  Lias),  802 

Jjiassic  rock.-*,  metamorphism  of,  573 

LibeUvIa,  789 

LibocedruSy  SGI 

Libumian  Stage,  857 

Lichas,  662 

Lichens,  geological  action  of,  437,  441 

Life,  geological  action  of,  436;  grand 
succession  of  on  the  earth,  609 

Ligerian  (Cretaceous),  821,  830,  833 

Lightning,  effects  of,  303 

Lignilites,  291 

Lignite,  171 

Lignitic  group,  838,  839 

Lima,  760,  776*,  811,  857 
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Limax,  916 
Limburgite,  15G 
Lime  (see  Calcium) 

Lime-tree,  fossil,  873 

Limestone,  description  of,  118,  1(51 ;  fonna- 
tion  of,  340,  44G,  448,  657,  718;  formed 
from  calcareous  blown  sand  311 ;  formed 
on  sea-floor,  455,  456;  mode  of  occur- 
rence of,  479 ;  affords  evidence  of  former 
presence  of  the  sea,  604;  crystalline 
structure  superinduced  in  by  infiltration, 
310, 449, 455 ;  solubility  of  in  carbonated 
water,  318;  rate  of  decay  of,  318; 
weathering  of,  321,  324;  alteration  of 
by  conversion  of  aragonite  into  calcite, 
74,  168;  alteration  of  into  dolomite, 
296 ;  alteration  of  into  marble,  295,  561, 
565 ;  pro<luction  of  garnet  in,  562,  564, 
565;  lenticular  character  of  beds  of 
among  older  Palieozoic  rocks,  675 ;  direc- 
tions for  collecting  fossils  in,  624 

Lhnnma,  729,  839,  855,  860*,  880,  904,  916 

Limiierpeton,  752 

Limonite,  67, 121 

LimopftiSf  851,  883 

Lingula,  649,  663,  667*,  676*.  717,  754, 
878 ;  phosphate  of  lime  in  shell  of,  170 

Lingula  Flags,  652 

Linguldla,  648*,  666 

Lingulinay  746 

Lion,  fossU,  869,  874,  905,  917 

LioMracm,  655 

Lipari,  volcanic  phenomena  at,  218,  226 

Liparite,  142 

Licjuid-inclusions  in  minerals,  66, 101, 138 

JAquidambar,  844,  867*,  876 

Lisbon,  earthquake  of,  252,  253,  255,  257 

Lithological  characters  as  a  basis  for  classi- 
fying rock  groups,  485;  subordinate 
value  of,  in  establishing  geological  chro- 
nology, 605 

Lithology,  58 

Liihornis^  846 

Liihostrotion,  720* 

Litorina^  879 

LitonneUa,  871 

Littoral  markings  in  rooks,  471,  645 ;  de- 
posiU,  421,  598 

Lituites,  664,  676* 

Lizards,  fossil  forms  of,  760,  873 

Llandeilo  Group,  666 

Llandovery  Group  (upper),  673 ;  (lower), 
668 

Loam,  164,  327 

Lodes,  583 

Loess,  164,  307,  327,  916 

Loesspuppen,  475 

LoganoqraptuSj  692 

Lomond,  Loch,  distribution  of  temperature 
in,  377 

Lonar,  Lake,  of  volcanic  origin,  224 

LonchopttriSf  73 1 

Ix)udon  Clay,  849.  850 
J^o/y^'-mjy))i\  st'Ties,  651 
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IiomdaUia,  721 

Lophiodon,  847,  862,  874 

LophiomeryXj  861 

Lophodu$,  764 

Low-water  mark,  402 

Lower  Limestone  Shale,  73G 

LoxodoTif  885 

Loxomma,  732 

Loxonema,  667,  697,  723,  760 

Lucerne,  I^ake,  delta  of  Reuss  in,  S70 

Lueina,  697,  797,  845,  846*,  855,  881 

Ludlow  Group,  678;  concretionary  forms 

of,  476 
Luidia,  792 
Luniachelle,  169 
Lustre  of  rocks,  98 
Lutra,  881 
Lutrictif,  860 
Lycopodites,  734 

Lycopods,  earliest  fossil,  660,  708,  727 
LycomuruBy  762 

Lydian-stone  (Lydite),  122, 127 
Lyginodendroii,  734 
Lygodium,  808,  845 
Lynton  Group,  699 
Lynx,  ancient  migrations  of,  896,  917 
Lyriodonf  811 
Lyrodesma,  673 
Lytoceras,  787,  793*,  794* 

Maare  of  the  Eifel,  224,  227,  546 

Macacus,  883 

Maccalubas,  222 

Machairodm,  869,  880 

Macigno,  856 

Maclurea,  664 

Macrocheilusj  697, 723 

Macromerionj  752 

Maoromerite,  92 

Macropetaliehthyf,  704 

Maeropust  886 

Macromis,  845 

Macroscopic  character  of  rocks,  76,  91 

Macromichya,  733 

MacroUem'opterh,  771 

Maerotherium^  868 

Mactra,  868,  879 

Madrepora,  866 

Madrepores,  earliest  forms  of,  809 

Maes,  sediment  in  water  of,  357 

Maestrichtien  (Cretaceous),  830,  834,  840 

MagaSy  811 

Magdelenian  (Palneolithic),  914 

Magma-basalt,  156 

Magnesian  Limestone  Group,  753 

Magnesium,  occurrence  of,  61 

Magnesium-carbonate  («e«  Dolomite) 

Magnesium-chloride   in  salt  lakes,  383, 

384  ;  effective  in  formation  of  dolomite, 

296,  384 
Magnetism  of  rocks,  99 
Matrnetite  (magnetic  iron-ore),  67,   122, 

630;  garnetit'erous  and  fossilifemus,  564 
Magnolia,  fossil,  809,  845,  863,  867,  876 
Mainz,  Tertiary  basin  of,  871,  881 
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MalaooUte-rock,  129 

Malay  Archipelago,  active  volcanoes  of, 
242 

Mallotus,  911 

Malm  (Upper  Jura),  803 

Malvern  Hills,  ArohsBan  nucleus  of^  C40 

Mammalia,  as  type-fossils,  606;  earliest 
traces  of,  762;  maximum  development 
of,  843;  extinction  of  large  types  of, 
during  Glacial  Period,  843 

Mammaliferous  Crag,  879 

IVIammoth,  896,  916,  918*;  Ago  of,  919; 
fossil  carcases  of,  596, 600 ;  an  inhabitant 
of  the  north,  604 

Man  as  a  geological  agent,  457 ;  earliest 
traces  of,  913,  920 

Manganese,  occurrence  of,  61,  68 ;  in  no- 
dules on  sea-floor,  423,  425 

Mangrove,  protective  influence  of,  441 ; 
swamp?,  445,  719 

ManU,  874 

Manisaurtis,  840 

Manon,  809 

Maple,  fossil,  809,  845,  876,  916 

Marble,  119;  formation  of,  214,  276,  (arti- 
ficially) 295,  561;  decay  of  in  towns, 
318 

Marcasite,  76;  weathering  of,  337;  as  a 
petrifying  medium,  601 

Marcellus  Group,  704 

Maretia,  855 

Margaritatus-bed,  789 

Margarodite,  70 

Margarodite-schist,  132 

Marginella,  851 

MarginuUna,  792 

Marine  denudation  (see  Ocean),  compared 
with  sub-aerial,  432 ;  final  result  of,  433 

Marine  organisms,  relative  value  of,  for 
geological  purposes,  601,  870 

Marl,  lacustrine,  169,  380,  448 

Marl -slate  (Permian),  753 

Marlstone,  788 

Marmaro&iis,  561 

l^Iarmot,  fossil,  906,  917 

Marnes  irise'es,  766 

Marsh-gas  at  volcanoes,  183, 222 ;  in  spring- 
water,  334,  337 

Marsupials,  first  appearance  of,  762,  785 

MarmpioerinuSt  677 

MarsupiteSf  810 

Marsupite  zone  (Cretaceous),  828 

Marten,  fossil,  861,  880 

Massif,  use  of  term,  40 

Massive  eruptions,  238 

Mas6ive  rocks,  136 ;  joints  of,  490 

Massive  structure,  95 

Mastodon,  866,  868*,  876,  881,  923 

MastodonsaurvSj  760 

Mauna  Loa  fsee  Hawaii) 

May-fly,  early  forms  of,.709,  731, 777 

Mayencian  (Miocene),  871,  873 

Meadow-land,  formation  of  by  beaver- 
dams,  440 

Mechanical  analysis  of  rocks,  82 


Mechanical  movement  and  metamorphisin, 
512,  567,  571,  572,  574, 575,  578 

Medicinal  springs,  337 

Medina  Group,  691 

Mediterranean  province  (Trias),  769 

Mediterranean  Sea,  increasing  salinity  of, 
34  ;  cause  of  blueness  of,  419 ;  Creta- 
ceous rocks  of,  837 ;  Pliocene,  875 

Mediterranean  seas,  relation  of  to  main 
ocean,  33 

Mediterranean  Stage  (Miocene),  872 

MeduUosa,  750 

MedusaD,  casts  of  in  Cambrian  rocks,  646 

MegaceroSj  918 

Megaluspis,  685 

MegalichthySy  731 

Megalodon,  697, 698* 

MegaloduSy  767 

MegalosauruSy  780,  783*,  813 

MegaloscelomiSf  885 

Megalurus,  804 

Megaphyton,  734 

Megatherium,  923 

Meionite,  artificially  formed,  285 

Melanerpetoiiy  752 

Melania,  823,  845,  846*,  860 

Melanite,  artificial  formation  of,  284 

Melanopsis,  850,  882 

Melaphyre,  150;  artificial,  279;  intrusive 
sheets  of,  536 

Mclilite,  artificial  formation  of,  284 

Melilitc-rocks,  155 

Mellivora,  885 

MeUivorodon,  885 

3Ielting  (see  Fusion) 

Membranipora,  854 

Menevian  series,  652 

MenodoTiy  767 

Merisia,  705 

Meristella,  663,  676* 

Mcrostomata,  first  appearance  of,  677 

Merychipptis,  886 

Merycopotamusy  885 

MesohippuSy  874 

MesdU^is,  731 

Mesopithectu,  877* 

Mesozoic  rocks,  631,  757 

Messinian  (Pliocene),  882 

Metalloids  in  earth's  crust,  58 

Metals,  in  earth's  crust,  58 ;  presence  of  in 
the  silicates  of  rocks,  588 ;  reduced  to 
native  state  by  decaying  organic  matter, 
437 

Metamorphic  rocks,  115,  125, 126 

Metamorphism,  definition  of,  294, 556 ;  con- 
ditions determining,  294,  557,  666,  578 ; 
stages  of,  126,  295,  568 ;  connected  with 
terrestrial  disturbances  and  with  vol- 
canic action,  300;  connected  with  me- 
chanical movement,  248,  512,  567,  571, 
572,  574,  575,  578 ;  connection  of  with 
granite,  530;  in  volcanic  vents,  546, 
547 ;  experiments  in,  276-280,  283,  255 

.  Local,  or  of  Contact,  210,  214,  275, 

527,  532,  535,  536,  542,  547,  557,  769, 
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iUMrca;,796,  851,  SCO,  8G7 

Mm,  880 

Muschelkalk,  762,  764,  767 

Muscovite,  70 

Musk-deer,  fossil,  873 

Musk-rat,  fossil,  860 

Musk-sheep  {Ovihos),  880,  896,  917 

Mustela,  883 


Mm,  879,  904 
Myacites,  111 


lyactt 
Myalina,  739 
Jthliohates,  845,  8G2 
JSiyhdon,  923 
Myodes,  917 

Myogale  (water-shrew),  881 
Myophoria,  760 
Myriapods,  fossil,  710,  731 
Myrica  (bog-myrtle),  808,  867 
Myriolepis,  111 
Myrmecdbiufi^  762 
Myrtusj  867 
Mysarachne,  860 
Mytilus,  673,754,  777*,  823, 871,  879,  904 

Nagelflue,  865 

Naphtha,  173,  222 

Naples,  Bay  of,  elevation  of  land  at,  233, 
263 

Napoleonite,  148 

Nassa,  864,  878 

Natica,  723,  760,  777,  779*,  814, 845,  8fi3, 
871,  902* 

Naticella,  760 

Natron-lakes,  880 

Nautiloidea,  suggested  origin  of  tlio,  016 

Nautilnt,  664,  700,  723,  724*,  751,  760, 
761*,792,  815*,845 

Nebular  hyi)otheses,  7 

Necks,  volcanic,  199,  544 ;  acid  rocks  in, 
545;  spherical  shell-like  structure  of 
oruptiyo  rocks  in,  546;  alteration  of 
rocks  in,  546 ;  coniferous  wood  of,  546 ; 
dykes  of,  546 ;  subsidence  at,  547 ;  nic- 
tamorphism  round,  547 

Necrocarcinus,  825 

Neerolemur,  861 

Negative  crystal,  101,  102 

Ndumhium,  845 

Nemacanthus,  765,  792 

Nemaiophycus,  660,  708 

NematoptychiuSy  739 

Neocomian,  820,  821,  831,  836 

Neogene  strata,  842,  866,  871 

Neolithic  period,  913,  919 

Nepheline,  70;  detection  of,  84;  artifi- 
cially formed,  278,  284 

Nephelino-dolerite  (basalt),  155 

Nepheline- rocks,  155 

Nephelinite,  155 ;  artificial,  270 

Nephrite,  129 

Nereit€8,  662 

Nerimea,  794,  812 

Nerineen-Schichten,  804 

Nerita,  119*,  871 

Nfritina,  850,  864 


Neseuretus,  652 

Neuroptcrn,  fossU,  709,  732,  777,  781,  789, 
799,  803 

Neuropteris,  708,  725,  726*,  754,  771 

Neusticosaurus,  762 

Xevada,  volcanic  plienomena  oF,  191 ;  salt 
lakes  of,  385 

Nevadite,  142 

Nev^,  117, 388 

New  Bed  Sandstone,  748,  757 

New  Zealand,  geysers  ot\  219 ;  volcanoes 
of,  243;  earthquakes  of,  256;  raised 
beaches  of,  265;  glaciers  of,  397;  Ar- 
chaean rocks  of,  643 ;  Silurian,  693 ;  De- 
vonian, 705;  Carboniferous,  747;  Tri- 
nssic,  771 ;  Jurassic,  806 ;  Cretaceous, 
840 ;  Eocene,  858 ;  Miocene,  875 ;  Plio- 
ceue,  886;  Pleistocene,  911;  former 
greater  size  of  glaciers  in,  912;  pre- 
historic deix)sits  of,  923 

Niagara,  River,  filtered  by  Lake  Erie,  359 ; 
^orge  and  falls  of,  362 ;  possible  lower- 
ing of  Lake  Erie  by,  36 1 

Niagara  formation,  61>l 

Xicol-prisniH,  iwc  of,  81) 

NiduUtes,  661 

Nile,  annual  rise  of,  316;  slope  of,  350; 
delta  of,  :J70 

Nihsonia,  770 

Nineveh,  growth  of  dust  over,  307 ;  decom- 
posed glass  from,  320 

Nhhc,  652 

A/>r,  8 1 1 

Nitric  acid  in  rain,  316 

Nitrogen  at  volcanic  vcntn,  184,  21(J 

f^odosaria,  809 

Nodules,  474 

Ndfffjemthia,  734 

Noises  due  to  rupture  of  rocks,  287 

Nomenclature,  stratigraphieal,  631 

Norian,  642 

Norite,  154 

Northampton  Sand,  788,  794 

Nortli  Sea,  force  of  waves  in,  406 ;  deposits 
on  floor  of,  422 ;  possible  conversion  of, 
into  a  lake  during  Glacial  Period,  892 

Norway,  raised  beaches  of,  263;  glaciers 
of,  390, 391,  402  ;  metamorphism  in,  570 
(see  Scandinavia) 

Norwich  Crag,  878,  879 

Nosean,  72 

Notliosattruff,  762 

Kototherium,  858,  886 

Nova  Scotia,  subsidence  of  coal-fields  of, 
273 ;  Devonian  rooks  of,  704,  717 ;  Car- 
boniferous, 747 

Novaculite,  127 

Novaja  Zemlja,  recent  uprise  of,  265 

Nudeolite9,^iQ 

Nucleospira,  689 

Nucula,  723,  777*,  851,  860,  879* 

NuUipores,  protective  influence  of,  441 

Nummulites,  845* 

Nummulitic  limestone,  843,  844,  845*  85 

Nutation,  14 

3  n 
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Nmm,  851,  804 
Nystia,  801 

Oak,  fossU,  809,  850,  870,  910 

OboleUa,  047*,  GOG 

Obolus,  055 

Obsidian,  140,  209 

Obtusus  Bed,  789 

Ocean,  deptlia  of,  32 ;  cubic  contents  of,  .S3 ; 
density  and  composition  of  water  of,  33  ; 
alkalinity  of,  35 ;  effects  of  earthquakes 
on,  251, 257 ;  uniformity  of  level  of,  200  ; 
jnovements  of,  402 ;  temperature  of,  403 ; 
currents  of,  313,  404;  circulation  of 
water  of,  405  ;  waves  and  ground-swell, 
105;  depth  of  affected  by  waves,  407; 
ice  of,  4()7,  417,  420;  geological  work  of, 
409;  chemical  solution  by,  30,  410,  423, 
454,  455,  457;  mechanical  erosion  by, 
410;  assisted  by  sub-aerial  disintegra- 
tion, 414;  transport  by,  418;  reproduc- 
tive action  of,  420;  chemical  deposits 
of,  420, 425;  mechanical  deposits  of,  421 ; 
shore-deposits,  421  ;  infra-littoral  do- 
posits,  422 ;  abysmal  deposits,  420,  423 ; 
preservation  of  organic  remains  under, 
598 ;  rate  of  denudation  by,  432 ;  con- 
servative influence  of,  435;  proportion 
of  calcareous  organisms  in  upper  waters 
of,  455  ;  former  presence  of  revealed  by 
fossils,  003 

Ocean-basin.s,  permanence  of,  000 ;  an- 
tiquity of,  920 

Oceanic  Islands,  volcanic  nature  of,  82 

Ochre,  deposits  of,  337,  341 

(hlontopleriK^  725,  750 

OdontopUryXy  84(» 

OdontornftheSy  or  toothed  birds,  818 

Odoutosaurvs,  707 

Oeningen  Stage,  872 

Ogygia,  052,  002,  003* 

Oil-shale,  173 

Oil-springs,  174,  218,  338 

Oldhamia,  CA7* 

Oldhaven  Beds,  849,  850 

Old  Red  Sandstone,  093,  700;  volcanoes 
of,  243,  713,  714,  715;  type-fossils  of, 
000 ;  po.-siblo  glacial  de^ioiits  of,  707 

Oleuy  857 

Oleandridinm,  112,  835 

Olenellus,  058 

Olenidian  Beds,  049,  (»55 

Olemts,  040*.  G49,  002 

Oligocene,  842,  858 

OligOL'lase,  09 

Oh'ra,  841,  845,  870 

Olivine,  72, 150, 27J) ;  artifieiid  fonnation  of, 
284;  weathering  of,  319 

Olivinc-rocks,  130,  150 

Omosavrug,  798 

Omphacite,  72 

Omphyma,  002,  075* 

Onchm,  G04 

Onondago  Salt  Group,  G91 


Oolite  (limestoneX  119;  now  forming  on 
shores  of  Great  Salt  Lake,  385 ;  formed 
on  coral-reefs,  449;  in  Carboniferous 
limestone,  718 

Oolites,  Upper,  Middle  and  Lower,  788 

Oolitic  structure,  90,  119,  449 

Oolitic  System,  771 

Ooze,  1G9,  170,  455 

Opacite,  114 

Opal,  02,  G6 

Ophiderpeton,  732,  752 

Ophileta,  6G4 

Ophioglypha,  792 

Ophite,  150 

Ophitic  structure,  137 

Ophihalmo9aurn»y  798 

Opossiun,  fossil,  847,  87:» 

OppelUa,  787 

(Jrbictda,  057 

Orhitoidea,  800 

Orbitoitic  Beds  (Oligocoue),  800 

Orhitolina,  809 

Orbitolitenkalk,  830 

Order  of  superposition,  law  of.  480,  G04, 
013,  020 

Ore-deposits,  582 

Ores,  585 

OreaSy  885 

Oreodonts  (ruminant  ungulalea),  874 

(Jreopithecus,  809 

Organic  Acids  ($ee  Humous  Acids) 

Organic  matter,  influence  of  in  decomposi- 
tion of  mineral  substances,  65,  76,  317, 
318,  334,  335,  423,  437;  in  soU,  :{34 : 
increases  chemical  activity  of  springs. 
:{35 

remains,  conditions  for  entonil»- 

raeut  of,  596;  preservation  of,  600;  re- 
lative palaM)ntological  value  of,  GOl ; 
uses  of  in  geology,  603;  rocks  fonne<l 
of,  112;  as  a  basis  of  classification  of 
rocks,  480  {see  oho  Fossils) 

Organisms,  function  of  in  geology,  430 ; 
relative  capability  of  persistence  of,  602 

Oriskany  Formation,  691 

Orkney  Islands,  absence  of  raised  beaches 
in,  19 ;  fall  of  volcanic  ashes  at,  202 

Ormoxylon,  708 

Oritithopntisy  813 

Ornifhotarsus,  817 

Orohijyptu*,  017 

Orozoe,  002 

Orthis,  048*,  003,  GOO*,  r,67*,  697,  722 

OrthhinOy  057 

Orthite,  284 

Orihoc^ras,  048*,  064,  000*,  070*,  697,  7o7, 
713,  723,  724*,  751,  760 

Orthoceratites,  000 

Orthoclase,  08 

Orthoclase-porphyry,  141 

Orthoclase-i*ocks,  130 

Orthonota,  004,  076* 

Orthophyre,  144 

Orthoptera,  fossil,  709,  732,  790,  799,  803 

Ortonia,  662,  722 


O.borae  Ueda,  8G1 

<>Amuitda,  8513 

Otteolepit,  704,  TUli" 

Oitracoib,  early  fotnia  of,  (JA2,  662 

OUrta,  7S5,  7*7,  778',  77ft»,  Hll*.  849, 

8S»*,  8G8,  881 
Ostrich,  roasiUflflfi 
CWot(u«,SI3.8i5,Sl7' 
(Moplrrif,  7Bi) 
tHoiamiUa,  759, 773.  SOlt 
Otter,  ftwBil,8G0.87!> 
Ottrelite  in  regiimal  mclniiinrphum,  .'iffil 
Ottrelitfhalate,  127 
OiiifcBorfmi.  7(i2 
Outcrop,  lUG 
Outlicra,  SOG,  S30 
Ovcrlaii,  481,  Sfll 
<Mbm  (,tee  liusk-Blinej)) 
Orit,  885 
Owl,  Huowy.  !)18 
Oi,  foMil,  877 
Oiford  Clny,  78S,  7!i7 
Oiford  Oolilea  (Osfordinii).  788,  7!'i> 
Oxidation.  817,  326,  338.  438 
Oiiiles  in  earth's  crust,  38,  (iC 
Oijeen  in  air,  water,  iknii  carlli's  rnut. 

58,  C)9;   Rt   TolranocB,    183;    in   rain. 

:tic 

Oxynotui-bed.  78!l 
OxyThlua.  sia,  S^S,  ml 
Ozonciii  ttieair.  31 

i'tifliyi^iriH  lie. 'Wl 

Pnrhygnnia,  771 

I'arhyU-pit,  GS4 

Pndijpiotoiiliiii',  817 

Paehsphjuaiii,  772 

I'arliimiontniiium,  tiKII 

I'lipAj/tAcm,  G80 

I'lirlHc  Orann,  (Iei>tli  of.  flj ;  battum  of.  33 ; 
volcaniri  regiOD9  of,  242 :  nuppoacil  aul)- 
Biilenoe  of  basin  oT,  260;  coral  iiloniU 
cf,  140 :  aillceoDs  ilcpoaili  of,  4riG 

Pnek-icp,  117 

I'-itirnrm,  048',  1104.  tHW*,  «67» 

i>nfjriufcr,  1X12 

Falaiigtenna.Gi^*,  IWi 

Palirchinui,  G7S 

Palrilaphia,  608 

PttUrolJaHina,  <:i:.') 

Palroearii,  72:1 

rn?fl'r)C(»(oi-,  874 

Pil7itocJuerii»,  Slid 

J'alrro-'riiii'ji^ii,  ''i'.i 

rQlucorliflJriptiT.I.  73-i 

Pnl/^^lii'-ii'.  (ITU 
Pnl»i)!(Ti,',  K42 
PaliGolitbic  Period,  013.  014 
PatKomergx,  871 
r^Konl«tu,  847 
ralmonUctu,  751* 
Palaoiitina,  111 
Palioontologieal  Geology,  5,  505 


;  lieftrins;  of.  upon  ovn- 


P.,h.;:i,ig.  Hjl 
PalK;p)wHfuf.  litis,  C82* 
I'aUti^mat,  655,  660 
Palttopikrite,  1S6 

J'a(»M>pi7J.t(™,8a.". 
J'alteojilerit,  700,  708.  72.1 
J*H?ffOjiH!/it,*lSI 

Paltforyx,  883 
J'uIjFMuurU),  761 

PuIjPo^Aerium,  847,  848»,  Si] 
PaUeotmgat,  884 
I'aheucamia,  780 
I'uleeozolo  ronuntiuiiK,  G31. ' 
l'nt>eryx,  862 
I'alagoLiite-tuft',  167,  7ilO 
Pahii.htluriiiti\.  847 
fofen-Aani.  6R3 


Paladm. 


800.  844,  aiO,  8C4,  867, 
(I.  823,  850,  879,  904 
(k>nco   or   gcolngioal    i 
meats  at  lathraoa  of,  2li7 

Pnncliet  group.  771 
J'tiHiIanrM.  808.  845 


Paii-ic 


,418 


Piiniielien  (Eocene).  854 


fossil.  023 
VaynMhm.  6.^1 
I'tiraeiialhiit,  8.15 
P'lnuh^Ulai,  C40»,  C4!( 
Paradniidinn  \m\g,  G4!>. 
Piimgonito,  70 
PnrnponitoBi-liisI 
rartihffn*,  818 
■'Pariillol  Ilonils,' 
J'(ir»-pii.7/./,  80;i 
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PaT'ii 


.  713 


Pcirtn. 
I    PiirnMii.  882 
'   Paasce,  4Q  ,  <.rigi;iii  of,  041 
,  Fiilrlla  70C 

PeurlBluHP,  146 
.    Pent.  171,443;  effeot  of  crcnt  profBiirc  on. 
I       171, 28K 

Peat-mosset.  origin,  slructuro,  nnd  grow  Hi 
of,  30li,  443;  bunting  of,  444;  presor 


Tatioiiof  iLnimnl  remnlna  in,  44.',  .lO"; 

liaman  relics  in,  ^22 
Pelibijstnicture,95 
••  Pebidiao,"  6311 

Pfoj^eri*,  725,  7.^0.  730,  772",  7iKi,  802 
IWhn,  751,  7C0,  7BG»,777,  811,  8.'H.  800. 

808, 878,  002* 
Pfdnnfiiliu,  852,  868*,  878 
Pegmatite,  130,  543,  G.17 
Pcginatoid  (Pegmntitic)  Btmctare,  02, 110, 

137 
Felcw  Itlauds,  458 
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Velecanus,  885 

"  Pelc'8  Hair,'  208 

Pelitcs,  1G3 

Pel  i tic  structure,  96 

PelohatocMijs,  7t)8 

PelorosauruSy  813 

Teltastes,  826 

reUorjirU,  662 

Pelturay  654 

Peuarth  beds,  762,  761: 

Pennsylvania,  coal-field  of,  298.  605  ;  oil- 
wells  of,  174,  218,  338 

Penlacrinus,  111,  77^*,  825 

Pentamerm,  663,  674*,  697 

Pentamerus-bcds,  663,  668,  673,  674 

Pentaemites^  721 

Peperino,  167 

PeralesteSy  785 

PeramuSy  785 

PeraspiiJax,  785 

Perca,  904 

Perched  blocks,  159,  395 

Peridot,  72 

Peridotites,  72,  130,  156 

Periechocrinus^  677 

Perimorph,  62 

Perlitc,  146 

Perlitic  structure,  94,  112,  146,  493 

rcrmeability  of  rocks,  282, 331 ;  in  relation 
to  river-discharge,  348 

Permian  period,  volcanoes  of,  243 ;  svstem, 
748 

Permo-Carboniferous,  748 

Perna.  798,  811,871 

Pernostreay  802 

Persaonia^  867 

Persea,  857,  867 

Persistent  types  of  life,  616 

Perthite,  138 

Peru,  earthquakes  of,  253,  257 ;  raised 
coral-reefs  of,  262 

Petalite,  artificially  formed,  285 

Petalodm,  723 

Peiraia,  662,  675*,  699 

Petrifaction,  process  of,  74,  339,  601 

Petrography,  58 

Petroleum,  173,  218,  222;  produced  by 
contact  of  eruptive  rocks  with  bitu- 
minous shale  and  coaU  561 

Petrology,  58 

PetrophiloideSy  815 

Peirophryne,  762 

Petrosilex,  142 

Petrosiliceons  structure,  137 

Pence,  773 

Phacojys,  662,  675*,  696* 

Phanero-crystalline  structure,  92 

PhanerapleHrony  710 

Pha^colimys,  858,  886 

Phascolotherium,  785,  786* 

PhoBianella,  801,  825 

PhasianuSy  884 

Phemphiga8pi'8,  658 

Phillipftastrifay  721 

PJnWpftfa,  723 


Phlehopterts,  772* 

Phoca  (see  Seal) 

Phoenicites,  859,  867 

Pholadomya,  777,  825,  878 

Pholatf,  825,  870 

Pholiderpeton,  732 

Pholidophorue,  760,  778 

PholidosauruBy  815 

Phonolite,  145 

Phosphatic  rocks  of  organic  origin,  170, 

457,  476 
Phosphatos,  75 
Phragmitesy  863 
Phragmfjceras,  664,  676* 
Phtenite,  718,  737,  741 
Phyllito,  125 

Phylloceras,  760,  787,  793* 
PhyUodus,  845 
Phyllograptus,  661* 
Phyllopods,  649,  662,  678 
PhyUotheca,  757,  771 
Vhym.,  799,  839,  865 
Physiographical  Geology,  5,  924 
Pikermi,  Pliocene  deposits  of,  870,  883 
Pikrite,  156 
Piloceras,  667 
Pilton  group,  6;»9 
PinacoceraSt  760 

Pine  woods  arrest  sand-dunes,  441 
Pinites,  728, 773 
Pimm,  748,  777,  825,  851,  872 
Pinus,  809,  851,  863,  876,  907 
l»ipc-clay,  163 
Pisaniaj  861 
Plsidium,  880,  904 
Pimhus,  849 
Pisolite,  119 

l^isolitic  Limestone  (Cretaceous).  834,  8-H 
Pisolitic  stnicture,  96 
Pistacite-rock,  130 
Pitchstone,  108,  145 
PWiarella,  850 

Placoderms,  first  traces  of,  664 
I'lacoid  fishes,  664 
Placopariay  666 
Plagfmdax,  785,  788* 
Plagioclase  felspars,  69 
Plagioclase-augite  rocks,  150 
Plagioclase-diallage  rocks,  154 
Plagioclase  •  hornblende  (or  mica)  rock?, 

148 
Plagioclase-mica  rocks,  150 
Plagioclase-rhombic-pyroxene  rocks,  154 
Plagioclase-rocks,  136, 147 
Plains,  42;  origin  of,  942;  levelling  and 

heightening  of,  368 ;  of  marine  dennchi- 

tion,  434 
Plaisancian  (Pliocene),  883 
Plane-tree,  fossil,  809,  845,  863,  873,  876 
Pliinerkalk,  835 
Planets,  densities  of  the,  7 
Planarhis,  799,  839,  855,  860*,  871,  880, 

904,  916 
Planorbis-ljcd,  789 
Plants,  distribution  of  in  relation  to  goo- 
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logical  cbaugcB,  207 ;  destructive  action 
of,  437 ;  supply  organic  acids  to  perco- 
lating water,  437 ;  disintegrate  rocks 
and  soils,  438;  attract  rain,  439;  pro- 
mote decay  of  dead  animals  and  plants, 
439 ;  conservative  action  of,  440 ;  pro- 
tect and  heighten  soil,  441 ;  geological 
formations  due  to,  442 ;  form  peat- 
mosses, 443;  form  siliceous  deposits, 
440,  448 ;  form  calcareous  deposits,  340, 
440 ;  form  bog  iron-ore,  447 ;  contribute 
to  formation  of  humus  and  humous 
acids,  447;  conditions  for  preservation 
of  remains  of,  596 ;  comparative  value  of 
terrestrial,  as  fossils,  002,  010,  617; 
progress  of  terrestrial  sometimes  in 
advance  of  evolution  of  marine  fauna, 
009,  017 

Fianularia,  792 

Plastic  Clay,  849 

riataHUs,  803 

Plate  River,  sediment  in  water  of,  357 

Plateaux,  41,  239,  551 

rUitemye,  813,  851 

Plattner*s  *  Blow -pipe  Manual'  cite  J, 
84 

riatycrinusj  722 

Platyschisma,  064 

Platytoleniteiff  055 

PlcUysomuSj  751,  752* 

FUctroduSy  604 

Pleistocene,  842 

Pleochroism,  90 

Flesiarctomys,  801 

Flesictis,  861 

FlesiogdU,  861 

Flesiosaurus,  765,  778,  782*,  815 

Plesiosaurs  as  type-fossils,  006 

FlesiosoreXy  860 

Fleuracanthus,  731,  750 

FhurocijstiteSf  002 

Pleurodictyumj  095 

Fleuromya,  767,  792 

Fleuraiieura,  752 

Fleurotoma,  845,  860, 872,  8«3 

Fleurotomaria,  664,  697,  723*,  751,  779*, 
812 

Vliauchenia^  617 

FUcatula,  792,  823 

Plication  of  the  earth's  cruat,  poSbible 
original  determining  cause  of,  270 ;  con- 
nected with  terrestrial  contraction,  292; 
sometimes  due  to  results  of  percolating 
water,  343 ;  relation  of  to  strike,  501 ; 
examples  of,  503, 574,  744, 927 

Pliocene,  842,  875 

Fliohippwf,  886 

FUohphm,  847 

Fliopithecus,  807 

Fliosaunif,  779 

Flocoseyphiaj  821 

Plum,  fossil,  870 

Flutonia,  040* 

Plutonic  rocks,  140,  522,  524 

Po,  sediment  in  water  of,  357 ;  heighten- 


ing of  bod  of,  368  ;  delta  of,  374 ;  rate  of 
denudation  by,  428 

Fodogoniumy  867,  882 

Fodozamites,  759,  772,  808 

Poebrolheriumj  617,  874 

Poikiletic  rocks,  748 

Folacanthus,  813 

Polar  bear,  922 

Polar  flattening,  as  cvidonca  of  earth's 
plasticity,  11 

l*olarization,  use  of  in  microscopic  exami- 
nation of  minerals,  89 

FolUcipeSf  825 

Folycotylus,  840 

Folymorphinay  792 

Folypora,  722 

Folyptychodon,  815 

Polyzoa,  earliest  forms  of,  652,  003 

Pompeii,  destruction  of  by  Vesuvius,  185, 
199 

Pond-lily,  fossil,  880 

Poplar,  fossil  (Fopulus),  808,  809, 845, 803, 
807,  873,  870,  916 

Foaciteg,  853 

ForamboniUs,  663.  667* 

Porcelain  Clay,  140, 163 

Forcellia,  697 

Porcupine,  fossil,  884,  896,  917 

Porosity  of  lavas,  180 

Porphyrite,  149  ;  artificially  formtil,  279 

Porphyritic  structure,  93, 136 

Porphyroid,  131 

Porphyroid  structure,  93 

Portage  Group,  704 

Fortax,  885 

Portland  Oolites  (Portlandian),  78/,  798 

Fosidonia,  776* 

Fondonomya,  736, 768 

Post-Pliocene,  887 

Post-Tertiary  formations,  887 

FotamacliSt  861 

Fotamides,  854,  860* 

Fotamogeton,  809.  867 

Fotamomyay  861 

Potash,  sulphate  of,  at  volcanic  vents,  213 

Potassium,  occurrence  of,  61 

FoteriocrinuSj  722 

Fothocitesy  729 

Pot-holes,  373,  400 

Potsdam  formation,  657 

Potstone,  130 

FrearciuruSt  712 

Pre-Cambrian  (see  Archsean; 

Precession,  14.  52 

Preglacial  land-surfaces,  888 

Prehistoric  period,  887,  913 

FrepecopteriSy  733 

Pressure.  InBuence  of  on  condition  of 
earth's  interior,  46 ;  under  which  rocks 
have  been  formed,  103 ;  distorts  rocks, 
101 ;  effects  of  on  peat,  171 ;  influence 
of  in  metamorphism,  283 ;  augments 
solvent  power  of  water,  283,  335 ;  some 
rocks  consolidated  under  great,  103, 
284 ;  may  induce  a  crystalline  structure, 
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Quaternary  deposits,  887 
Quebec  Group,  691 
QuercM,  808,  844,  864,  867 
Quinqudoculinat  853 

Babbit,  geological  action  of  tlie,  4ol) 

Kadiation,  effects  of  rapid,  30  i 

Radiation-spectrum,  9 

Radiolarian  ooze,  170 

JtadiolUes,  811 

Rain,  washes  the  air,  32,  316;  chemical 
action  of,  286,  311,  315;  formation  of, 
315;  composition  of,  316;  mechanical 
action  of,  327;  unequal  erosive  action 
of,  328;  renders  the  sea  muddy  near 
land,  419 

Rainfall  in  relation  to  subaerial  waste, 
327 ;  in  relation  to  rivers,  345.  346,  347, 
355,  356,  370 ;  influenoe  of  man  on,  458 

Rain-prints  on  strata,  471 

Rain-wash,  159,  327 

Raised  beaches  {tee  Beaches) 

Rake-veins,  590 

Randanite,  67 

Raphiosaurus,  814 

Raphisiomat  664 

RapilU,  187 

Raricostatus-bed,  789 

Raspberry,  fossil,  907 

Rastntes,  661* 

Rats,  geological  action  of,  440 

Rauchwacke,  120,  749,  754 

Ravines,  origin  of,  362,  941 

"  Raz-de-Manfe,"  406 

Recent  Period,  887,  912 

ReceptacuUtes,  661,  695 

Red  Chalk  of  Norfolk,  82 1 ,  826 

Red  colour  of  rocks,  98 

Red  Crag,  878 

Red  deer.  907 

Red  earth,  325 

Red  fog,  311 

Red  River,  vegetable  covering  of,  355 

Red  strata,  umossiliferous  nature  of,  711, 
750,  753,  763,  764 

Itedonia,  664.  666* 

Reduction  of  oxides  {tee  De-oxidation) 

Reefs,  fringing  and  barrier,  451 

Regelation,  390 

Rcgur,  or  black  soil  of  India,  164,  442 

Reindeer,  896,  917 ;  ago  of,  919,  921 

Reniopleuride^y  662 

Rennseleritty  697 

Reproductive  action  in  geology,  301 

Reptiles,  age  of,  778 

Requieniat  811 

Resin,  fossil,  595,  600 

Kesinous  texture,  93 

Retepora,  662 

RetioUtet,  682 

Retzia,  760 

Reunion  {tee  Bourbon,  Isle  of) 

Revinian,  656 

Revolution  of  the  earth,  14 

RhnhfJorrhntn,  792 


Rliacopteritt  747 

Rhadinichthyt,  739 

Rhaetic  formation,  762, 765 

Rhamnus,  857,  867 

Rhamphorhi/nchut,  779,  783*,  784*,  785* 

Rhine,  calcium-carbonate  in  water  of,  352 ; 
silica  in,  352;  transport  of  gravel  on 
bottom  of,  354;  sediment  in  water  of, 
357 ;  winding  gorge  of,  362 ;  delta  of, 
374 ;  volcanoes  of,  191 ;  ancient  history 
of  valley  of,  867 

Rhinoceros,  860,  866,  868,  876,  896,  915 

Riiinolophut,  861 

RhizodoptiSy  743 

RhizoduB,  724,  725* 

Rhodea,  735 

Rliodocrimtty  722 

Rhone,  River,  solvent  action  of  water  of, 
351 :  sediment  in  water  of,  357 ;  filtered 
by  Lake  of  Greneva,  359, 378 ;  Mediterra- 
nean, delta  of,  374, 375  ;  rate  of  denuda- 
tion by,  428 

Rhone  glacier,  former  great  size  of,  892, 
905,  906 

Rhus,  867 

Rhynchonella,  603,  667*,  676*,  6D7,  722, 
760,  775,  776*,  810*,  879 

Rhyncosaurus,  76  J 

RhyoUto.  142 

Rhyzomyt,  885 

Riders  in  mineral  veins,  585 

Riesengebirge,  moraines  in  the,  904 

Rill-marks,  471 

Ripple-mark,  formed  by  wind  on  dry  sand, 
309 ;  under  water,  470 

Rtssoa,  872 

Rivers,  supposed  influence  of  earth's  rota- 
tion on  flow  of,  13;  affected  by  earth- 
quakes, 256 ;  sources  of  supply  of,  345 ; 
annual  and  occasional  rise  of,  346,  388 ; 
discharge  of,  347 ;  flow  of,  349 ;  average 
slopes  of,  350 ;  average  velocity  of,  350 ; 
affected  by  upheaval  and  subsidence, 
350 ;  chemical  action  of,  350, 358 ;  varia- 
tion in  proportion  of  salts  dissolved  by, 
352 ;  transporting  power  of,  353 ;  bro^vu 
colour  of,  sometimes  duo  to  protozoa, 
353  ;  power  of,  to  retain  mud  in  suspen- 
sion lowered  by  mixing  with  saline 
water,  355,  371,  418 ;  sediment  in  water 
of,  350;  excavating  power  of,  358; 
cause  of  meandering  course  of,  359; 
origin  of  gorges  of,  362,  941 ;  reproduc- 
tive power  of,  366 ;  deposits  on  beds  of, 
367;  flood-plains  of,  368;  terraces  of, 
369;  affected  by  upheaval  and  subsi- 
dence, 369;  former  greater  volume  of, 
370 ;  deltas  of,  in  lakes,  370;  estuarine  de- 
posits of,  371 ;  bars  of,  371 ;  deltas  of,  in 
the  sea,  373 ;  sediment  carried  to  sea  by, 
376 ;  filtered  by  lakes,  359,  371,  378 ; 
freezing  of,  356,  886;  floods  of,  tee 
Floods;  bores  of,  403;  denudation  by, 
426;  proportion  of  silica  in,  regulated 
by  quantity  of  humus,  438 ;  destruction 
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2G3,  1K)0,  904;  erosion  of  tableland  of, 
939 ;  metamorphosism  in,  570 ;  Archfe^m 
rocks  of,  640 ;  Cambrian,  654 ;  Silurian, 
G85 ;  Old  Red  Sandstone,  716;  Triassic, 
769;  glaciation  of,  890,  903;  formed 
the  main  centre  of  dispersion  of  the  ice- 
sheet,  890 ;  detritus  from  in  European 
drift,  895 

Scaphaspis,  678,  712 

Scaphites,  813,  814* 

Scaur  limestone,  736 

Seelidosaunis^  792 

Scenery,  origin  of,  935 

Schalstein,  167,  695 

Schiller-spar,  72 

Schiller-spar-rock,  154 

Schist,  definition  of,  124 ;  production  of 
from  sedimentary  rock,  299 

Schists,  the  crystalline,  123;  minerals 
characteristic  of,  125 ;  as  part  of  the 
architecture  of  the  earth's  crust,  554; 
bedded  character  of,  555 ;  possible  origin 
of  some  of  the  crumplings  of,  466 ;  joints 
of,  494;  presumed  antiquity  of,  555; 
formed  by  metamorphism, '  563,  567, 
568 

Schistose  conglomerate,  133 

Schistose  structure,  95,  123;  production 
of,  285,  298,  563,  568 

Schizodus,  723,  751* 

Schizoneuraj  759 

Schmidtia,  655 

Schoharie  Grit,  704 

Schorl,  73 

Schorl-schist,  131 

Schotter,  160 

Schotter-conglomeralc,  160 

Schrattcnkalk,  836 

Sciurusy  880 

Scolithus,  656,  662 

Scoriaceous  structure,  94 

Scorpion,  primeval  forms  of,  QijOf  731 

Scotland,  volcanic  rocks  of,  188,  189,  190, 
199,  227,  241,  541,  549,  550,  561,  738, 
862;  raised  beaches  of,  263,  900; 
tidal  currents  of,  403;  height  and 
force  of  breakers  in,  406,  411,  412, 
413,  415;  inverted  Silurian  rocks  of, 
502;  large  fault  in,  513;  granite 
bosses  of  southern,  529,  563 ;  dykes  of, 
541 ;  necks  in,  545 ;  volcanic  sheets  of, 
549,  550 ;  regional  metamoiphism  of, 
573 ;  Arcbajan  rocks  of,  636 ;  Cambrian, 
653 ;  Silurian,  620,  670,  682 ;  Old  Red 
Sandstone,  711,712  ;  Carboniferous,  737; 
Permian,  749;  Jurassic,  792 ;  Cretaceous, 
829 ;  Oligocene,  862  ;  glaciation  of,  890, 
891,  893,  894,  898,  901,  902;  erosion  of 
ancient  table-land  of,  939 

Scyphiay  809 

Sea  (see  Ocean) 

Sea-calf,  fossil  species  of,  870 

Sea-dust,  311 

Sea-water,  solvent  action  of,  36,  410,  423, 
454,  455 


Sea-urchins,  earliest  known,  673 
Seaweeds,   protective   infloenco  of,  441; 

ancient  fossil,  660 
Seal  in  Caspian  Sea  and  Lake  Baikal, 

382;   fossil,  880,  881 
Seam  (of  rock),  630 
Secondary  constituents  of  rocks,  63 
Secondary  rocks,  631,  757 
Secretion,  96 

Section  (in  stratigraphy),  630 
Sediment,  transport  and  deposit  of,  353, 

358,  418,  421 
Sedimentary  rocks,  115 ;  formed,  as  a  rule, 

in  shallow  water  near  land,  925 
Sedimentation,  462,  477,  478,  483 
Seeds,  transport  of  by  wind,  312 
Scewenkalk,  836 
Secwenmergel,  8iJ6 
Segregated  structure,  93,  542 
Segregation-veins,  93, 139,  537,  538,  542 
Seiches,  377 
Seismic  vertical,  254 
Selenite,  75 
Selcnopleurdy  055 

Semi- crystalline  structure  of  rocks,  110 
Semionotus,  778 
SemnopitJiecus,  885 

Senonian  (Cretaceous),  820,  828,  833,  835 
Sepia,  777 

Septarian  nodules,  475 
Septarienthon,  864 
Septastrxa,  792 
Scquanian  sub-stage,  800 
Sequoia,  808,  844,  859*,  867,  876 
Sericite,  70 
Sericite-phyllite,  127 
Sericite-schist,  131 
Series  (in  stratigraphy),  630 
Serpentine,  73,  130,  156 
Serpentine-rocks,  156 
Serptda,  712,  792 ;  protective  influence  of 

crust  of,  442 
SerpuUtes,  662,  722 

Severn,  discharge  of,  348 ;  bore  of,  403 
Suzanne,  plants  of,  853 
Shale,  164  ;  collecting  of  fossils  from,  622 
Shaly  structure,  95,  97 
Shearing  of  rocks,  289,  290,  506,  531,  575, 

579,  633 ;  of  glacier-ice,  389 
Sheep,  Neolithic,  920 
Sheets,  intorbedded,  549 ;  intrusive,  533 ; 

connected  with  volcanic  action,  536 
Shell-limestone,  formation  of,  448 
Shell-marl,  169 
Shell-mounds,  922 
Shell-sand,  169 

Shells,  rise  of  land  proved  by,  262 
Shetland  Islands,  absence  of  raised  beaches 

in,  19 
Shingle,  160 
Shore-lines,  evidences  of,  421,  472,  645, 

652,  679 
Shrew,  fossil,  860 
Siberia,  frozen  soil  of,  47 ;  recent  uprise 

of,  265 


986 


INDEX. 


Sicily,  siilphur-bods  of,  65,  222 

Sideriio,  63,  75, 121 ;  as  a  petrifyimg  mo- 
dinm,  601 ;  artificicd  formation  of,  285 

Sierra  Nevada  (N.  America),  glaciers  of, 
910 ;  upheaval  of,  933 

Sigillaria,  606,  660,  708,  728, 720*,  750 

Silex,  122 

Silica  in   earth's   crust,  60,  61,  62,  122, 
169,  170  ;  at  volcanic  vents,  217 ;  in  con- 
crctionH,  476 ;  in  mineral  veins,  585 
diiisolved  by  alkaloid  carbonates,  286 
dissolved  by  humous  acids,  438,  447 
dissolved  in  river  water,  352,  438 ;  pre- 
sent in  organisms,  600 ;  as  a  petrifying 
medium,  601 ;  precipitation  of,  448, 457 ; 
increased  proportion  of  in  contact-meta- 
morphism,  558,  564,  566,  567 

Silicates  in  tlie  earth's  crust,  60,  61,  GS ; 
dissolved  by  alkaline  carbonates,  286 ; 
decomposition  of  by  water,  319, 335, 339, 
351 

Siliceous  composition,  96;  deposits,  221, 
341,  446, 456 ;  springs,  341 

Siliceous  schist,  127 

Silicification.  601,  718 

Sillimanite  in  contact-metamorphism,  566 

Silurian  period,  volcanoes  of,  243 ;  rocks, 
foliation  of,  569,  573,  575,  578  ;  system, 
644,  651,  658;  type-fossils,  606;  facies 
of  fossils,  644 

Silver,  native,  reduced  by  decomposing 
organic  matter,  437 

Simocyoiit  883 

SiniomuntSf  762 

Sinemiwian  stage  (Lower  Lias),  803 

Sinisian  (China),  643,  644,  645,  658 

**  Sinks,"  342 

Sinter  (calcareous),  119,  340 ;  siliceous, 
122,217,221,341 

Siphonta,  809* 

Siphonotreta^  663 

Sirocco-dust,  311 

Sivatherium,  876 

Siwalik  Group,  884 

Slaggy  structure,  94 

Slags,  volcanic,  188 

Slate,  use  of  term,  125,  288 

Slatv  fracture,  97 

Slickensides,  489 

Slimoniaf  663 

Slope,  angles  of,  among  mountain^-,  40 

Sloths,  fossil,  923 

Smaragdite,  71 

Smell  of  rocks,  99 

SmiJax,  838,  844 

Snake  River  basalt-flood,  239,  933 

Snakes,  fossil  forms  of,  846,  873 

Snow,  117,  387;  coloured  by  dust,  312 

Snow -ice,  117 

Snow-line,  367 

Soda-lakes,  385 

Sodium,  occurrence  of,  61 

Sodium-carbonate  at  volcanic  vent?,  18 1  ; 
in  salt  lakes,  383 ;  causes  decomposition 
of  Mmn-finMyi.  384  ;  in  sodn-lakos,  385 


Sodium-chloride  in  the  sea,  35;  at  Tol- 
canio  vents,  184,  212 ;  in  rain,  316 ;  in 
springs,  334,  337;  m  salt-lakes,  383. 
384 

Sodium-sulphate  at  Yolcanic  vents,  213 

Soffioni,  217 

Soil,  159  ;  formation  of,  297,  306,  326, 437 
442;  renewal  and  removal  of,  327 
jwwer  of  abstracting  mineral  solutions 
335 ;  influence  of  humus  on,  438 

Soil-cap,  movement  of,  328,  496 

Soissonnais,  lignites  of  the,  853 

Solarium,  812 

Solaster,  793 

Solenhofen  limestone,  804 

SolenostrchuSy  844 

Solfatara,  181,  190,  217 

Solidification  of  rocks,  a  possible  cause  of 
subsidence,  268 ;  influenced  by  presence 
of  water,  284 ;  efiected  sometimes  under 
great  pressure,  103,  284;  under  ortli- 
nary  pressure,  287 

Solomon  Islands,  raised  coal-reefs  of,  262 

Solution,  activity  of,  increased  by  pressure, 
283,  290 ;  promoted  by  mechanical  tri- 
turation, 352 ;  effected  by  rain,  318 ;  by 
tmderground  water,  338 ;  by  rivers,  351 ; 
minerals  formed  from,  62 

Solutrian  (Palaeolithic),  914 

Somma,  volcanic  phenomena  of,  187,  190, 
191,  194,  195 

Soolquellen,  337 

Sorex,  881 

Si)ain,  Archeean  rocks  of,  641 ;  Cambrian, 
656  ;  Silurian,  689  ;  Devonian,  702 

Spalacothtriunu  785 

Sparagmite,  163,  654,  686 

Sparodus,  752 

Spars,  585 

Spatangenkalk,  836 

Spatnnguf,  836, 864 

Spathic  iron-ore,  121 

Species,  dispersion  of,  (i09 ;  origin  of,  615 : 
geological  history  of,  618  ;  when  extinc< 
do  not  reappear,  627 ;  migration  of,  618, 
620,  628 

Specific  gravity,  82,  99,  355,  411 

Spectroscopic  analysis,  9 

Specular  iron  as  a  sublimate,  184,  212 

Speeton  Clay,  821,  823 

Sperenbcrg,  deep  bore  at,  50,  118 

Spennophilus,  917 

Sphwrodtts,  813 

SphivronilcSy  662 

Sphaerosiderite,  122,  175,  719 

Sphxrospongia,  668j 

SphivrutiteSj  811 

Sphagodus,  664 

Sphene,  73 ;  artificially  formed,  285 

Sphenonchus,  764 

SphenophyUum,  660,  727 

Sjthenopteris,  700, 708,  725,  726*,  754, 
823 

SphenoznmtteSt  773 

Sphemlite-rock,  147 
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Spherulitic  structure,  W,  110,  141,  146 ; 
artificially  produced,  28o 

Spider,  early  forms  of,  731 

Spilosite,  127 

Spinatus-bed,  789 

Spindle-trees,  fossil,  8oU 

^ri/era,  6G3,  697,  698*,  715,  722*.  750, 
760 

Spiriferina,  709,  775* 
irigera,  697 

irarbis,  662,  704,  713,  722 
{pitzbergen,  action  of  frost  in,  386 ;  raised 
beaches,  recent  uprise  of,  265 ;  ^^  Hekla- 
Hook*'  rocks  of,  716;  Carboniferous 
system  in,  746 ;  Trias  in,  770  ;  Jurassic 
rocks,  773  ;  3Iioceno  flora,  873 

Splintery  fracture,  97 

^pondylus,  811*,  868,  884 

fi^ngee,  fossil,  647,  661,  OijSy  673,  809 

Spotted  schist,  563,  564,  565 

Curings,  affected  by  volcanic  eruptions, 
193;  by  earthquakes,  256;  orig^  of, 
S31 ;  temperature  of,  333 ;  thermal,  47, 
219,  334,  931 ;  Yarietiesof,  335;  relation 
of  to  rainfall,  346 ;  preservation  of  or- 
ganic remains  in  deposits  of,  597 

Sprudelstein.  119 

oqualodotif  858 

Squirrel,  fossil  forms  of,  847,  873 

Stag,  fossU,  905 

Stages  (in  stratigrapliy),  <i30 

Stagonol^s,  762 

Stalactite,  119,  340 

Stalagmite,  119,  340 

Star-fishes,  early  forms  of,  648,  662,  69J 

StaurocephaluBy  685 

Staorolite-slate,  127 

Stbam,  in  Tolcanic  action,  180, 184,  194, 
200,  203,  205,  208,  211,  212,  217,  221, 
222,  245  ;  solvent  power  of,  281 

Stegodatif  885 

Siegosaurus,  781 

6tetla$Ur,  793 

SUnaster,  668 

8teneo«aurus,  778 

Stenoporaj  750 

BUplMHOceras,  789, 793*,  794* 

Steppes,  dust-storms  of,  312;  salluc  cffio- 
resconces  of,  313 

8tereognathu8j  785 

SterearachU,  752 

Stemhergia,  753 

Stigmariay  714, 728, 729*,  750 

StigmariopsiSy  733 

8tinkstone,l]9 

Stipcr-stone  Group,  GOo 

Stoat,  fossil,  917 

Stocks  and  stock-works,  589 

SUmechinw,  802 

Stone  Age,  913 

Stonesfield  Blate,  785,  788,  795 

Storms,  cause  of,  302  ;  destruction  of  nmrinc 

fauna  by,  598 
Storm-beaches,  261,  421 
Stramberg  liimcstnne,  S05 


Strata,  463,  630 ;  sur&ce-markings  of,  470 ; 

alternations  and   associations  Cof,  476; 

relative  persistence  o^  478 ;  inflnence  of 

attenuation  of  upon  apparent  dip,  480 ; 

relative  lapse  of  time  shown  by,  481 ; 

ternary  succession  of,  484,  773 ;  groups 

of,  485 ;  inversion  of,  502 
Stratification,  461 ;  affords  a  datum  from 

which  to  measure  upheaval,  925 ;  influ- 
ence of  on  scenery,  936 
Stratified  rocks,  115;  how  accnmulat  e<l, 

599 ;  thickness  of  in  Europe,  626 
Stratified  structure,  95 
Stratlgraphioal  Geology,  5,  626 
Stratigraphy,  leading  principles  of,  626 
Stratodus,  813 
Streaked  structure,  94 
Strephodus,  778 
Str^soduSj  731* 
StreptorhynchWy  697,  723 
Streptospondylus,  796 
Strichlandiniay  669] 

Strike  of  strata,  497 ;  relation  of  to  curv- 
ature, 501  ;   coincident  with  cleavage, 

506 
Strike-faults,  513 
Strike-joints,  488 
Stringocephalus,  697, 698* 
StromcUoporaj  661,  695 
Stromatopsis,  857 
Strombodes,  662 
Stromboli,  189,  193.  200 
Strombus,  867 

Strophalosia,  701,  750,  751* 
Strophites,  710 

Strophomenay  663,  667*,  676*,  697 
Structural  Geology,  4, 461 
Structure   (geological),   influence   of   on 

river-erosion,  361 ;  on  marine  erosion 

415 
Structures  of  rocks,  91 
Struthio,  885 
Struthiolaria,  875,  886 
Strux,  918 
Stylacodon,  806 
StylocceniOy  854 
Stylodoiif  785 
Stylolitcs,  291,  476 
Stylonurwy  663,  712 
Styrax,  fossil,  871 

Sub-Apennine  Series  (Pliocene),  882 
Sub-stages  (in  stratigraphy),  630 
Sublimation,  minerals  formed  from,  62, 184. 

212,  281 ;  at  volcanoes,  184,  212,  217  ; 

causes  of^  281  ;  experiments  in,  281 
Submarine  plane  formed  by  marine  erosion, 

434 
Submerged  forests,  265,  603 
Subsequent  eruptive  rocks,  522 
Subsidence,  at  volcanic  vents,  216,  227, 
547;  secular,  265;  possible  causes  of, 
268,  280,  342;  in  excess  of  elevation, 
270,  926 ;  a  cause  of  rise  of  temperature 
in   rocks,    273;    does   not   necessarily 
metamorphose  rocks,  273 ;  influence  of. 
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on  rivers,  370;  shown  by  a  sncccsbion 
of  coal-seams,  477 ;  necessary  for  tho 
aooumnlation  of  a  thick  series  of  fos- 
siliferous  deposits,  599;  evidence  of, 
during  Glacial  Period,  897 ;  supposed  to 
bo  in  progress  in  Pacific  basin,  453 
Subgoil,  159 ;  origin  of,  326,  328,  438 
Suhulttes,  664: 

Succinea,  864,  880,  906,  916 
Sudetengebirge,  ancient  glaciers  of,  802 
Suez    Canal,  saliferous    deposits  in  the 

course  of  the,  385 
Sulcoretipora.,  722 

Sulphates,  increase'  solubility  of  OOj  in 
sea- water,  35 ;  chief  varieties  of,  75 ;  at 
volcanic  vents,  213,  217;  in  rain,  316; 
reduced  to  sulphides,  318,  423,  437, 447, 
448 
Sulphides,  60,  75  ;  artificial  production  of, 
281 ;  oxidised  into  sulphates,  318 ;  re- 
duced from  sulphates,  447 
Sulphur,  occurrence  of.  60,  64,  183,  184, 

212,217,318,338,866 
Sulphuretted  hydrogen  at  volcanoes,  183, 

217;  in  springs,  338 
Sulphuric  acid,  combinations  of,  in  earth's 
crust,  60,  61;  at  volcanoes,   183,  184, 
217;  in  rain,  316;   from  oxidation  of 
sulphides,  318 ;  in  springs,  338 
Sulphurous  add   at  volcanoes,   188;    in 

springs,  338 
Sumacl^  fossil,  876 
Sumatra,  volcanoes  of,  243 
Sumbawa,  volcanic    phenomena    of,  200, 

202 
Sun,  composition  of  the,  8,  9. 11 ;  former 
greater  heat  of,  as  affecting  the  earth, 
19;  tide-producing  force  of,  upon  the 
earth,  53 
Sun-cracks  in  strata,  471 
Sun-spots  and  volcanic  eruptions,  193 
Sunlight,  influence  of,  on  minerals,  303 ; 

influence  of,  in  weathering,  321 
Superpofeition,   order   of,  486,   604,   613, 

626 
Sh8,  874,  879 
Suspension,  mechanical,  materials  carried 

in,  353,  358,  418 
Swallow-holes,  342 
Sweden  (see  Scandinavia) 
"  Swells  "  of  coal-fields,  467 
Swincstonc,  119 

Switzerland,  earthquakes  of,  258  ;  glaciers 
of,  389 ;  ancient  glaciation  of,  394,  395, 
396;  forests  arrest  avalanches  in,  442; 
metamorphism  in,  571,  577;  Archiean 
rocks  of,  571,  641 ;  Siluriun,  090;  Devo- 
nian, 690;  Carboniferous,  571,  745; 
Triassic,  767;  Jurassic,  803,805;  Cre- 
taceous, 835;  Eocene,  855;  Oligocene, 
865 ;  Molasse,  865  ;  Miocene,  872  ; 
former  greater  size  of  glaciers  in,  892 ; 
Palasolithic  deposits  of,  922 
Sycamore,  fossil,  907 
S^Y?mte,  J  43;  hosscB  of,  5P>2 


Syenite-granite,  140 

SyllxmuSf  813 

Symphysurus,  685 

SymplocoSy  851 

Synclines,  502,  928 ;  deformation  of,  506, 

929 
Synocladiaj  750 
Syrhigodendron^  733 
Syringopora^  673,  704 
System  (in  stratigr^phv),  630 
Szaboite,  213 

Table-lands,  41,  939 ;  eroded  into  systems 
of  hills  and  valleys,  42,  939 ;  of  erosion, 
41,434;  of  deposit,  41 
Tachylite,  153,  542 
TacDnic  schists,  577 
Txniopteris,  750,  758*,  772* 
Tahiti,  233 
Talc,  73 

Talc-rocks,  130,  135 
Tiilchir  Group,  771 
Talpa  (see  Mole) 
Taiicredia,  796 

Tangential  pressures  resulting  from  ter- 
restrial contraction,  270 
TapetnocejyJialuSf  762 
Tapes,  868* 

Tapir,  fossil,  860,  873,  879,  923 
Tapirulus,  861 
Tarannon  Shale,  674 
Tassello,  856 
Taunusien,  702 
Taxites,  795,  864 
TaxocrinttSy  662 
Taxodium,  862,  876 
Taxoxylon,  864 
Tchemayzem,  or  black  soil  of  Russia,  164, 

327,442 
Tealby  series,  823 
Tegel,  872,  882 
Teleomurus,  778 

Teleostean  fishes,  earliest  forms  of,  813 
Telerpeton,  760 
mUna,  868,  879,  902* 
Temperature,  distribution  of,  in   oarih's 
crust,  47, 57 ;  increased  by  depression  of 
rocks,  273 ;  increased  by  chemical  trans- 
fonnation,  274;  increased  by  crushing, 
274 ;    increased    by    intruded    igncons 
rock,  275 ;  effects  of  daily  changes  of, 
304,  305 :  equalised  by  lakes.  378 
Temperature-gradient  in  earth's  crust,  48, 

271 
Teneriffe,  218,  230,  237 
Tenorite,  184,  213 
Tension,  geological  effects  of,  286 
Tentaculit^,  664,  697 
Tephrite,  155 
Terafosauriis,  761 
Terebra,  867 
TerelmitelUi,  796,  811 
Terehratula,  722*,  760,  775,  776*,   810* 

854,  864,  873,  878 
Tprrhrnfvh'na,  811,  SS^ 
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Ttrehrirostra,  810* 

Terra  Bossa,  325 

Terraco  Epoch,  369,  Oil 

Terraces  of  rivers,  369 

Terrigenous  deposits,  421 

Tertiary  formations,  840 ;  vc»lcanic  pheno- 
mena, 206,  241,  2*3 

Tessini  zone,  655 

Testudo,  885 

Tetraconodon^  885 

Tetracus,  860 

Tetradium,  662 

Tetragraptus,  661* 

Tetrapterus,  851 

Teztilaria,  809 

Texture  of  rocks,  91 

Thames,  discharge  of,  347,  348  ;  velocity 
of,  351 :  mineral  matter  dissolved  in 
water  of,  352 

Thamnastrssa^  11^ 

Thanet  beds,  849 

Thaumatopteris,  770 

Theca,  647*,  664 

Thecia,  662 

Thecidium,  702,  S\l 

Thecodontosaurw,  761 

Thecosmilia^  775 

Thelodus,  m\i 

Thereutheriitnij  861 

Theriodonts,  762 

Theriosuchus,  799 

Thermal  springs,  334 

Thinnfeldia,  771 

Thoulet's  solution,  82 

Thracia,  798 

Throw  of  faults,  512 

Thrust-planes,  503, 506,  512,  575,  930 

Thujop^is,  873 

Thun,  Lake  of,  370 

Thuringia,  Cambrian  rocks  of,  655 ;  Silu- 
rian, 690;  Devonian,  698,  702;  Car- 
boniferous, 745 ;  Permian,  750 

Tkumtes,  773,  809 

ThylacinuB,  887 

Thylacoleo,  886 

Tiber,  deposits  of,  375 

Tichogonia,  871 

Tides,  influence  of,  iu  tlio  deposit  of  sedi- 
ment in  estuaries,  371 ;  nature  of,  402 ; 
height  of,  402 ;  currents  of,  403 

Tiger,  fossil,  886 

Tigrisuchus,  762 

Tilestones,  679 

Till,  164,  395,  401 ;  formation  of,  894 

Tillodonts,  848 

Time,  measures  of  ideological,  56;  lapso  of, 
measured  by  sedunentation,  481 

Titanic  iron,  67,  636 

Titanite.  73,  569 

Titanofherium,  874 

Tithonian  facies  (Jurassic),  800,  805 

Toad,  fossil  species  of,  873 

Toadstone,  737 

Toarc'ian  stage  (Upper  Lias),  802 

Tonalite,  148 


Tongrian,  864,  865 

Topography,  influence  of  raiu  on,  330 

Torsion,  effects  of,  293,  490 

Tortonian  (Miocene),  871,  872,  873 

Tottornhoe  Stone,  821,  827 

Tourmaline,  73 

Tourmaline-schist,  131 

Toxii$Ur,  810 

Toxoceras,  813,  814* 

Trachyceras,  769 

Trachyderma^  680 

Trachyte.  144 

Trachytic  rocks,  forms  assumed  by,  207 

Traehytoid  stnicture,  1 10, 137 

Trade-winds,  13,  27 

Tragulohymy  861 

TroAjulm,  885 

Transition  rocks,  658 

Trass,  167,  185 

Travertin,  119. 341 

Trerhomys,  861 

Tree- trunks  in  strata,  478,  481 

Tremadoc  slates,  652 

Trematosaurufff  760 

Tremolite,  71 

Trenton  formation,  691 

Tretoceras,  673 

Triacanthodon,  785,  788* 

TriarthreUa,  658 

Triassic  system,  757;  metamorphism   of 

rocks  of,  577 
Tricltcchw,  880 
Trichites,  107 
Triclinic  felspars,  69 
Triconodon,  785 
Tridvmite,  GG;   artificial  production  of, 

284 
Triyonia,  111*,  778*,  779*,  826 
Triffonocarpon,  729 
Trigonodusy  IQl 

Trilobites,  606,  616,  649,  662,  697,  723 
Trinar.,  844 
Trinuckus,  662.  663* 
Trionyx,  851,  862.  885 
Tnplesia,  663,  667* 
Tripoli  powder,  67, 170,  446 
Tristan  d'Acunha,  242 
Triton,  872 
Trivia,  858 
Trochammiiui,  721 
Trochocyaihus,  809 
Trochocyftites,  656 
Trochostnilia,  809 
Trochus,  676*,  794,  812,  HC,%  870 
Trogoniheriumf  879 
Trona,  224 

Trophon,  878,  880*,  902* 
Tuberculatus-bed,  789 
Tuhicanlis,  754 
Tufa,  119,  340,  446,  915 
Tuft'-cones,  227 
Tuffs  (volcanic),  164,  166,  189,  227,  253. 

236  551 
Tulip-'tree,  fossil,  809,  876 
Tundnis  of  Siberia,  327,  442,  896 


)                          :i:«i  /A /'AX 
I 

•                                    I  i.i.ii.  ib     riiMi  li.iii- ..ii  iiiriiifil     !■'.    |i'r-       \  t'^rfluliiHi  airests  du-*,  ?i<*>5;  lilt»*rs  ritr 

itiiaiiiit.  Mill.  I    :.il  iN'uter,  !{<<S 

: ..  t    ..I..   *  ...  M.I  Viiii-quartz.  I2i! 

;                                   ,..',.       I      rill  7:»l   ^i■.■  Vriii^,  iM.'i.  oIlTi.  TiSli 

ii ii~.  luiiM  itiiiiii iii'i  III.  I !•■  \'t:iit!%ti)iii-s^ risri 

1 11,1..   I.I  1.  I  •111  II I  lu  iiili-  111  l!i!"                       Vfiiifi.  (l«']itli  of  alluvini):  ai.  !'"..' 

i  II1..I.I.II.  ,i'i,  iu.'4-.iii- 1  M'M  s'.'"  *<*.:;  s:;.'i  \  > „fi'-fih't'>.>ity?* 

...,    M..  1   .11'..  sil.  ST«'.  t»si: 

lii..ilii.    1  .  I.-,  ii-miiiii     N.!"  1  •  "Jtf  r">.  >.»-i 

II'       ■■-    ?«■-  >  I   .    **    •      **                                 "III/ _«.    .    '_. 

...  ii    .   i.       .,in.  ,1. •:..-.  .  "■">                          \:m:;\i:jf   --i- 

I                                        ■  ■  *  ^  ■     ■     ■   ■ 


r 


\. 


\    -^      ■    ■       .      ■  ■      -  ■■_■■■■.-,.-.         yl-       1^*         ■• 

*.  ^-  <«  •  -m  "•    *  '     ■■  ■■*■        1« 


INDEX. 


991 


837,  839 ;  Eoceno,  858 ;  Oligoceae,  860 ; 
PUocene,  875, 882, 883, 886 ;  Pleietocene, 
896 

Volcanic  prodacts,  164,  178;  gases  and 
vapours.  180,  201,  203,  206,  207,  210, 
217,  218,  223,  245,  547,  557 ;  Bubllma- 
tioDs,  184;  water  and  mud,  216;  dust 
and  stones,  199;  dust,  transport  of  by 
wind,  200,  202,  312;  fragmental  mate- 
rials, 164,  186,  551,  698 ;  lava,  202 

Volcanic  structure,  223 ;  cones,  224 ; 

sub-marine  cones,  232,  453;  volcanic 
islands,  232,  236,  454 ;  "  heads,"  238 ; 
•*  necks,"  238,  544;  fissure-eruptions, 
238,  551;  plateaux,  241,  551;  lakes, 
224,  227 

Volcauism,  178,  223 

Volcano,  island  of,  193,  207,  200,  217,  228, 
237,  305 

Vole,  fossU,  809 

Volga,  slope  of,  3r>0 

Volkmanniay  734 

Voltzia,  759* 

Volula,  834,  841,  'iio,  840*,  860,  878,  880* 

Volvaria,  854 

Vosges,  contact  metamor]>ldsm  in,  565; 
ancient  glaciers  of  the,  892,  904 

VuheJln,  852 

Wacke,  164 

Wad,  68 

Wahsatch  Mountains,  upheaval  of,  933 

WalrMa,  733,  750,  795 

Waldheimia,  792,  858 

AVales,  subsidence  of  coal-field  of,  273; 
tidal  accumulations  iu,  373;  Archa^au 
rocks  of,  639;  Cambrian,  645, 649 ;  Silu- 
rian, 649, 672  ;  Old  Red  Sandstone,  693, 
711;  Carboniferous,  736;  submergence 
of  during  Glacial  Period,  897,  902 

Walker's  specific  gravity  balance  referred 
to,  82 

Wulnut,  fossil,  809,  873,  876,  916 

"  Wants  "  of  coal-seams,  467 

AVarniinstcr-beds,  821,  826 

AVater,  in  earth's  crust,  61 ;  presence  of  in 
all  rocks,  282,  294 ;  in  microscopic 
vesicles  of  crystals  and  rocks,  101,  282 ; 
at  volcanic  vents,  184,216;  dissociation 
of  elements  of  in  volcanic  vents,  201, 
211,  240;  can  penetrate  rocks  against  a 
counter-pressure  of  steam,  246 ;  influence 
of  heated,  281,  285 ;  solvent  power  of, 
283,  335 ;  circulation  of,  314 ;  under- 
ground, 331 ;  "  soft "  and  "  hard,"  336 ; 
varying  capacity  for  retaining  mud  in 
suspension,  355,  'i^l ;  when  pure,  does  not 
jnechaniailly  erode,  359;  freezing  of, 
386 ;  expulsion  of  by  eruptive  rocks,  558 

Water-ice,  117 

Water-level,  alteration  of  by  the  wind,  ;»13 ; 
378 ;  definition  of,  332 

Water-lilies,  fossil,  862,  874,  880 

Wator-lhne,  691 

Water- vapour  in  the  air,  31 ;  in  volcanic 


vents,  184,  211 ;  chemical  activity  of, 
281,  283 ;  lessens  density  of  the  atmo- 
sphere, 302 

Waterfalls,  origin  of,  362 

Watersheds,  940 

Waterstones,  762 

AVaves,  caused  by  volcanic  explosions, 
198 ;  caused  by  earUiquakes,  251,  257 ; 
caused  by  wind,  313,  405;  of  the  sea, 
405;  height  and  force  of,  406,  411; 
caused  by  exceptional  atmospheric  dis- 
turbance, 406 

Weald  Clay,  813,  821 

Wealden  formation,  821,  823,  832,  835 

Weatliering,  examples  of,  65,  68.  69,  70, 
71,  72,  73,  74,  140,  215,  221,  317,  318, 
319,  414,  621 ;  nature  of,  319,  386,  438  ; 
artificial  process  of,  624 

Weiss-stein,  133 

Welding  of  rocks  by  pressure,  287 

Wells,  conditions  determining  depth  of, 
332 

Wemmelien,  855 

Wenlock  group,  674 

Wenlock  Limestone,  677 ;  Shale,  675 

West  Indies,  upheaval  of,  262 ;  coral-reefs 
of,  449,  454 ;  limestone  forming  on  sea- 
floor  in,  455 

Westphalia,  Purbeck  rocks  in,  805 ;  Creta- 
ceous, 808,  835 

Whet-slate,  127 

Whin-sill,  536 

White,  origin  of,  as  a  character  of  some 
rocks,  98 

White  Chalk,  827 

White  Crag,  878 

White  Jura,  803 

White  Lias,  765 

Widdrmgtouiay  865 

WmUimftonta,  773* 

WUlow,  fossil,  809,  845,  859,  876 

Wind,  velocity  and  pressure  of  the,  302 ; 
geological  work  of,  200,  202,  304 ;  in- 
fluence of,  on  lakes,  378 

Wolf,  fossil,  847,  874,  880,  905,  917,  920 

Wollastonite,  artificial  production  of,  283, 
284 

Wolverine,  fossil,  847 

Wood,  conversion  of,  into  coal,  297 ;  into 
lignite,  297,  298, 328 

Woolhopo  Limestone,  674 

Woolwich  and  Reading  Beds,  819 

Woi-ms,  geological  influence  of,  326,  328 ; 
trails  and  burrows  of,  472,  595 

Wrekin,  supposed  Archajan  nucleus  of,  640 

Xanthopsisy  851 
Xiphodon,  861 
Xyhhmty  731 

Yang-tse,  sediment  in  water  of,  357;  arti- 
ficial heightening  of  bed  of,  368 

Yellow  colour  of  rocks,  98 

Yellowstone  River,  ca&ons  of,  186 ;  geysers 
of,  206,  219,  341 ;  mud  springs  of,  222  ; 
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diurnal  variations   of   temperature    at 

the,  304 
Yew,  fossil  845,  907 
Y(Mia,  902* 

Yoredale  group,  736,  737 
Yprdsien  (Eocene),  854 

Zamia,  773* 
ZamiostrobuSy  773 
ZAimites,  759,  772,  809 
Zanclean  (Pliocene),  882 


Zaphrentif,  662,  720* 

Zeclistein,  754 

Zeolites,  73 ;  formation  of  in  Roman  bricks, 

283,  339 ;  artificial  production  of,  285  ; 

fonued  on  floor  of  ocean  abysses,  425 
ZeiujlodoHj  857 
Zig-zag  plication,  744 
Zircon,  73;  artificial  formation  of,  2S4 
Zone,  definition  of  a  geolo^cal,  613,  6:tO 
Zonites,  732 
Zygofauruf^  751 


IIIK   END. 
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